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Abstract

i-Drive (identification of drought-resistant vegetation) is a fast, practical, and affordable method developed to design the
reclamation recommendation in Hambalang Quarry with the main focus on vegetation resistance on drought stress. Five
stages of i-Drive are (1) preliminary survey, (2) vegetation identification, (3) quantification of nitrogen-fixing bacteria,
phosphate solubilizing bacteria, and chemical properties of soil, (4) determination of vegetation resistance on drought
stress, and (5) the mapping of land reclamation strategy recommendation. The research was performed at four land types,
including post mining site which has been reclaimed since 2004 (R-1), post mining site which has been reclaimed since
2008 (R-2), post mining site which has not yet been reclaimed since 2012 (R-3), active mine in 2016 (R-4), with three land
surface groups, namely sunken (A-1), flat (A-2), and convex surfaces (A-3). The research shows the result that the
reclamation which has been done since the last 12 years significantly reduces the light intensity, but it is not yet able to
improve the microclimate significantly. There are 48 plant species with the highest diversity in the post mining site which
has not yet been reclaimed since 2012. The reclamation without considering the improvement effort on microclimate for 12
years is proven not yet significant to increase the number of individuals in every growth rate. No nitrogen-fixing bacteria
were found, but the phosphate solubilizing bacteria were found on every land type, and the various chemical compositions
in soil among the land types. There are many local vegetations which actually drought stress resistant, namely Acacia spp.,
Calopogonium mucunoides, Pueraria phaseoloides, Swietenia mahagoni, Gliricidia sepium, Leucaena leucocephala,
Panicum repens, Cyperus exaltatus, Pennisetum polystachion, Pennisetum purpureum, and Imperata cylindrica. The
reclamation strategy is compiled into three stages as follows: (1) first stage, the local plant revegetation in the alley
cropping pattern between Gliricidia sepium tree legume and several local grass species, with the main focus on the
improvement of soil fertility in the first year; (2) second stage, the local plant revegetation in the alley cropping model
between Gliricidia sepium tree legume and several grass species dominated by Pennisetum genus, with the main focus on
the improvement of soil fertility and bioenergy production from second year to third year; (3) third stage, the introduction of
perennials among the alley crops to be developed into agroforestry system, with the focus to maintain soil fertility and
biodiversity, and improving sustainable bioenergy production starting from fourth year. First stage, dry matter of 3,400
Glirisidia sepium trees is predicted to reach 59.84 ton/ha/year, while dry matter from several grass species is predicted to
reach 60 ton/halyear. Therefore, total dry matter resulted from the alley cropping model in one year is predicted to reach
119.84 ton/halyear. Thus, the formed humus reaches 29.96 ton/ha/year, and it is predicted to increase the height of soil
layer 5 cm/year. Second stage, there are many local grass species potentially as the bioethanol feedstocks, such as
Panicum maximum, Brachiaria brizantha, Cynodon dactylon, Dichanthium aristatum, Pennisetum ciliare, Pennisetum
purpureum, Brachiaria humidicola. The dry matter production of several grasses dominated by Pennisetum genus is
predicted to reach 127.20 ton/ha/year with the bioethanol production of 51,810 L/ha/year. Assuming the bioethanol price is
IDR 14,0000/L, the potency of gross income may reach IDR 725,340,000/ha/year with return of investment can be done in
2 years after production started. Thus, it provides ecological and economic benefits simultaneously starting from second
year. Third stage, the introduction of perennials in agroforestry system, in which the chosen perennials can be potential
plants to provide alternative energy, such as Michelia champaca, Garcinia indica, Jatropa curcas, Pongamia pinnata,
Calophyllum inophyllum, Madhuca indica, Azadirichta indica, Sterculia foetida, Havea brasilliensis, and/or other crops. After
the fourth year, the environment is not the obstacle anymore for the growth of perennials since the increasing thickness of
humus soil layer is predicted to be more than 20 cm and can be the indicator of soil fertility environment. The soil fertility
which has been improved since the first year will increase the biodiversity, since the condition of environment is optimal for
the growth of many animal and plant species. These potencies will encourage the shareholders and stakeholders,
especially farmers and people around quarry, to care about the revegetation activity and its management, so the obtained
economic benefit will contribute to the cost efficiency in company for land reclamation, and maintain biodiversity in
Hambalang Quarry.

Keywords: alley cropping, bioethanol, drought resistant vegetation, grasses, legumes trees

1. Introduction cover soil (Zulkarnain et al.,, 2014), which has low
nutrition, beneficial microbe, and water holding

The post mining site is a degraded zone with capacity (Dhal et al., 2011). Bes_ides, the revegetation

low physical, chemical, and biological fertility level in is usyally conducted l_)y spreadlng_ cover crop sgeds
the soil (Mushia et al., 2006). The land reclamation and timber nursery using low quality seeds (Azalia et
effort is often done by closing the excavated area with al., 2016). Several reclamation efforts require high cost
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and a long time to give economic benefit for
shareholders and stakeholders. Therefore, the
efficient, effective, and economic effort to improve land
quality is really required through the revegetation of
local plant which provide immidiate economical benefit.

The revegetation by planting leguminous tree/
shrub in alley cropping model supported with the
activity of local microbe can accelerate the
improvement of structure and soil texture, as well as
soil nutrition (Kebede, 2016). Besides, leguminous
tree/shrub will adaptively contribute in improving
microclimate by reducing the evaporation rate of soil,
reducing and stabilizing the temperature of soil and air,
and maintaining the nutrition of ground water (Stinca
et al, 2015). Research on alley cropping model
between leguminous tree/shrub and grass has been
interesting since 20 years ago for its proven benefit for
the ecosystem and its ability to improve total biomass
(Yuhaeni et al., 1997). The potency of alley cropping
model with grass as the alley crop has been
researched and it is able to improve the benefit of
grass as a bioenergy source (Ehret et al., 2015).
Besides, there are many reports about the potency of
several grass species as alternative energy plants
(Wongwatanapaiboon et al., 2012). Based on the
problems, it requires a fast, practical, and affordable
method to design the recommendation of soll
reclamation strategy adjusted to the land condition in
Quarry, so it can be expected to give faster the
economic benefit. However, shallow soil solum in
Quarry affects low capacity to hold water (Jim, 2001;
Khan dan Kamalakar, 2012). Therefore, it requires an
in-depth study on the identification of drought resistant
vegetation to compile the reclamation strategy.

The suitable reclamation strategy is expected to
accelerate the soil fertility improvement, so it supports
the vegetation growth on soil and affects the
improvement of biodiversity in Hambalang Quarry.
Besides, this reclamation strategy is also expected to
bring the economic benefit faster for farmers and
people around Hambalang Quarry by opening new
employment opportunity, and cost efficiency spent by
the company for the reclamation. This research aims
to (1) see the potency of land based on the preliminary
survey, (2) see the potency of vegetation adaptability
based on vegetation identification, (3) see the soll
potency based on the quantification of nitrogen-fixing
bacteria, phosphate-solubilizing bacteria, and chemical
properties of soil; (4) see the potency of vegetation
development based on the vegetation resistance on
drought stress; (5) compile the map of strategy
recommendation for land reclamation strategy based
on several existing potencies, so it is able to
accelerate the restoration of soil fertility, provide
economic benefit through the revegetation of short-
lived species, and improve biodiversity in Hambalang
Quarry.
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2. Methodology

This research was conducted in Hambalang
Quarry, Citeureup District, Bogor Regency, West Java
Province, Indonesia, in May 2016. Five stages of i-
Drive method are as follows:

2.1. Preliminary Survey. The environmental condition

is marked in general based on coordination and height

of place (Garmin GPS Map 62s), and it is followed by

the determination of sampling location. The

determined sampling location is based on the land

type with the interval of 4 years as follows:

1. The post mining site which has been reclaimed
since 2004 (R-1),

2. The post mining site which has been reclaimed
since 2008 (R-2),

3. The post mining site which has not yet been
reclaimed since 2012 (R-3),

4. Active mine in 2016 (R-4).

Every land type is grouped into three groups of land

surfaces as follows:

1. Land with sunken surface (A-1),

2. Land with flat surface (A-2),

3. Land with convex surface (A-3).

In every land type and land surface group, the

observation was done on some parameters of

microclimate such as wind speed, temperature,

relative humidity, and light intensity (Lutron LM-8000)

on five observation points at 11.00-12.00 Western

Indonesian Time when the research was conducted.

2.2. Vegetation Identification. The vegetation sample

was taken on every land type and land surface group

based on the technique of quadrats (plots of a

standard size) in quarry (modified from Kusmana,

1997; Trnkove et al., 2010). The vegetation resources

inventory in the sample plots was repeated twice and

conducted on five growth levels (trees, poles, saplings,
and seedlings) and the ground cover with provisions
as follows:

1. Criteria of trees, poles, saplings, seedlings, and
ground cover are as follows:

a. Trees: for every woody plant with a diameter of
=20 cm

b. Poles: for every woody plant with a diameter of
10-19 cm

c. Saplings: for every woody plant with a height of
> 1.5 m and diameter of < 10 cm,

d. Seedlings: regeneration starting from sprout
until it reaches a height of 1.5 m,

e. Ground cover: every plant covering ground,
from the family of grasses, sedges, plants with
large leaves, and ferns.

2. The quadrats is with a size of 20 x 20 m for trees
level, 10 x 10 m for poles level, 5 x 5 m for saplings
level and ground cover, and 2 x 2 m for the
seedlings level (Figure 1).
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3. The data collected for trees, poles, saplings,
seedlings and ground cover are name of species
and individual number in every growth rate.

2.3. Quantification of Nitrogen-Fixing Bacteria and
Phosphate-Solubilizing Bacteria, and Chemical
Properties of Soil. The samples of composite soil
were taken diagonally from 9 points in soil sampling on
every land type and land surface group (Elfiati, 2016).
The depth of soil sampling is 0-20 cm. The
quantification on the population of nitrogen-fixing
bacteria  (Hastuti, 2007), phosphate-solubilizing
bacteria (Santosa, 2007), and chemical properties of
soil includes pH (H,0), C-organic (walkley dan black),
N total (kjeldahl), P available (bray 1), K-dd and cation-
exchange capacity (N NH,Oac pH 7,0), H-dd and Al-dd
(N KCI), Al, Al,O3, Fe,03, MgO, CaO, dan SiO,.

2.4. Determination of Vegetation Resistance under
Drought Stress. The resistance under drought stress
was determined based on pot test and literature
review. The pot test was conducted on several local
vegetations which are potential to be developed as the
bioethanol feedstocks, while there is no study yet
related to the resistance to drought stress. The chosen

AEIDELBERGCEMENT

local vegetation was then isolated from land with its

soil into the pot (volume + 0,125 m® with three

repetitions. The plant was conditioned on the field

capacity for three days (Zettl et al. 2011), then it was

left without watering on the roofed open space (RH +

73%, T + 29 °C, LI + 58.380 lux). The resistance to

drought stress is categorized into three levels as

follows:

1. Very drought resistant (VDR): the plant is not dead
until > 60 days after planting.

2. Drought resistant (DR): the plant is not dead 30-60
days after planting.

3. Drought sensitive (DS): the plant is not dead 20-30
days after planting.

4. Very drought sensitive (VDS): the plant is not dead
until < 20 days after planting.

2.5. The Mapping of Land Reclamation Strategy
Recommendation. The reclamation strategy was
compiled based on the collected research data, and
the strategy was mapped. The mapping was
conducted with the base map of Hambalang Quarry
overlay with satellite map (Google Earth).

20m

Replication 1 Replication 2
5m :
10 m
2m E
10m
40 m

Figure 1. Sampling location based on quadrats

3. Result and Discussion

The most expensive land treatment after mining
is reclamation (250-400 euro per m?), compared with
remediation (35 euro per m?) and restoration (0.32-2.5
euro per m?) (Lima et al., 2016). However, the land
restoration after mining by adopting the natural
succession is proven to have the vegetation
succession rate only 10-15 years, and more than 20
years on dry land in quarry (Chauman, 2015). In fact,
the condition of degraded environment after mining
needs immediate and affordable restoration of
environmental condition, in which it can be realized
through suitable reclamation strategy.

The post-mining environmental condition in
general really determines the compiled reclamation
strategy. Table 1 shows that light intensity on the post

mining site which has not yet been reclaimed since
2012 and active mine in 2016 are higher than the post
mining site which has been reclaimed since 2004 and
2008, but the wind speed, temperature, and humidity is
not different on every land type. It indicates that the
reclamation which has been done since the last 12
years significantly reduces the light intensity, but it is
not yet able to improve the microclimate obviously. In
fact, the microclimate affects the distribution of plant
species (Batori et al., 2014).

The plant species from every type and land
surface group in this research have been successfully
identified (Tabel 2). There are 49 plant species with
the highest diversity in the post mining site which has
not yet been reclaimed since 2012. According to
Juwarkar et al. (2015), the reclamation in a short time
reduces the species diversity and the whole
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ecosystem turns into the top succession species.
Bowen et al. (2005) also reported that the species
diversity decreases along with the increasing thickness
of top soil, in which the local plant in a natural way
grows fast in open space on thin top soil layer.

The reclamation which has been done since
2004 also affects the individual number in every
growth rate (Tabel 3). The individual number in the
growth level of trees and saplings is not different on
the post mining site which has been reclaimed since
2004 and 2008. The poles growth level is often found
on the post mining site which has been reclaimed
since 2004. The growth level of seedlings and ground
cover is not different between the post mining site
which has been reclaimed since 2004 and 2008 and
post mining site which has not yet been reclaimed
since 2012. The reclamation without considering the
improvement effort on microclimate for 12 years is
proven could not significantly increase the individual
number in every growth level. The stagnation is
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probably caused by the soil fertility improvement effort
which is not done optimally. The soil fertility can be
described through the quantity parameter of some
useful bacteria and chemical properties of soil, in
which the interpretation can explain the suitability of
soil for the plant growth.

Table 4 shows that the nitrogen-fixing bacteria
are not found in all of land types and land surface
groups, while the phosphate-solubilizing bacteria are
often found on the post mining site which has been
reclaimed since 2004. However, the abundance of
phosphate-solubilizing bacteria is not followed by the
availability of phosphate significantly. The contents of
available phosphate, exchangeable potassium and
total nitrogen obviously are the highest on the post
mining site which has been reclaimed since 2008. The
restoration of undergrowth biomass, dominated by
local grasses, by cutting grass periodically, supposedly
affects the chemical properties of soil.

Table 1. Environmental condition from every type and land surface group in Hambalang Quarry

Land Land Surfaces Elevation Slope Wind Speed Light Intensity Temperature Humidity
Types Groups MSL % m/s x100 lux °C %
R-1 A-1 212.00 1.40 0.00 406.80 32.80 52.25
A-2 240.00 0.00 1.10 50.80 30.95 60.10
A-3 254.00 3.80 0.00 467.40 31.45 58.45
Averages 235.33 1.73 0.37 308.33 31.73 56.93
b a a b a a
A-1 193.00 4.20 0.00 404.20 31.20 51.30
R-2 A-2 217.00 0.00 0.16 367.60 31.60 56.40
A-3 235.00 0.20 0.00 439.40 38.75 42.20
Averages 215.00 1.47 0.05 403.73 33.85 49.97
b a a b a a
A-1 219.00 0.70 0.00 604.60 36.33 48.67
R-3 A-2 223.00 0.00 0.70 653.40 32.90 55.40
A-3 241.00 0.40 1.10 634.80 32.20 56.00
Averages 227.67 0.37 0.60 630.93 33.81 53.36
b a a a a a
A-1 248.00 0.90 0.70 628.20 35.40 47.40
R-4 A-2 282.00 0.00 0.70 664.40 34.90 49.70
A-3 284.00 0.70 0.00 690.80 34.30 48.60
271.33 0.53 0.47 661.13 34.87 48.57
Averages
a a a a a a

Remarks: R-1= the post mining site which has been reclaimed since 2004, R-2= the post mining site which has been reclaimed since 2008,
R-3= the post mining site which has not yet been reclaimed since 2012, R-4= active mine in 2016, A-1=land with sunken surface, A-2= land
with flat surface, dan A-3= land with convex surface. Means followed by the same letters in a column are not significantly different (P <

0.05).

The effect of biomass restoration to soil is also
marked by C-organic contents, significantly the highest
on the post mining site which has been reclaimed
since 2008. Based on the research, Li et al. (2011)
stated that cutting the grass periodically has positive
effect on soil, such as increasing C-organic content,
total nitrogen, available nitrogen, total phosphate,
available phosphate, ground water, and C/N of soil.
However, total nitrogen (0.06-0.15%), available
phosphate (2.54-6.40 ppm), and exchange potassium
(0.14-0.32 cmol®/kg) on the post mining site which
has not yet been reclaimed or which was reclaimed,
especially on the texture of sandy clay, are still very
low (Samuel dan Ebenezer, 2014). Since the

availability of essential nutrient is low, the availability of
nutrient source which should be made available for
plant must be sought.

The source of organic nutrient from biomass of
local plants becomes the only affordable choice.
However, the soil solum in the quarry is shallow, so the
capacity to hold ground water is low and should be
considered in developing the local plants (Jim, 2001;
Khan and Kamalakar, 2012). After local vegetation has
been successfully identified (Tabel 2; Figure 2), its
resistance was determined on the drought stress
based on literature review and pot test. There are
many local vegetations which are actually resistant to
drought stress, such as wattles (Acacia spp.) (Cheng
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et al., 2002), calopo (Calopogonium mucunoides) and
puero (Pueraria phaseoloides) (Purbajanti et al.,
2013), west indian mahogany (Swietenia mahagoni)
(Saha et al., 2011), quick-stick (Gliricidia sepium) and
white leadtree (Leucaena leucocephala) (Fagbola et
al.,, 2001). Besides, the resistance to drought stress
based on pot test has been known, such as torpedo
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grass (Panicum repens) and sedges (Cyperus
exaltatus) which are very resistant to drought, mission
grass (Pennisetum polystachion), elephant grass
(Pennisetum purpureum), and bladdy grass (Imperata
cylindrica) are drought resistant, while spinifex
(Spinifex littoreus) and misimisi (Scipodendron ghaeri)
are drought sensitive (Tabel 5).

Table 2. Plant species from every type and land surface group in Hambalang Quarry

o R-1 R-2 R-3 R-4

No Common Name Scientific Name Al A2 A3 Al A7 A3 AL A2z A3 AL A2 A3
1 Banana Musa spp. - - - + + + - - - - - -
2 Mango Mangifera indica - + + - - - - - - - - -
3 Guava Psidium guajava - + + - - - - - - - - -
4 Noni Morinda citrifolia - - - - - - - + - - -
5 West Indian mahogany Swietenia mahagoni + + + + + + - - - - - -
6 Quick-stick Gliricidia sepium + + + + + + - - - - - -
7 White leadtree Leucaena leucocephala + + + - + + - - + - - -
8 Wattles Acacia spp. - - - - - - + - + + -

9 Crown flower Calotropis gigantea - - - - - - - + + - R R
10 Goatweed Ageratum conyzoides - - - + + + - - - - - -
11 Wild ground nut Calopogonium mucunoides - - - - - - - - - +
12 Tropical kudzu Pueraria phaseoloides - - - - - - - - - - - +
13 Purslane Portulaca oleracea - - - - - - R R R R R +
14  Sedges Cyperus spp. - - - - - - + + + - - -
15 Blady grass Imperata cylindrica - - - - - - + + + - - -
16  Ayapana Eupatorium triplinerve - - - - - + - - - - - -
17  Setaria Setaria sphacelata - - - - - - + - - - - -
18  Wild sugarcane Saccharum spontaneum - - - - - - + - + - - -
19 Elephant grass Pennisetum purpureum - - - - - + + - - -
20  Mission grass Pennisetum polystachion - - - + + + + + + - - +
21  Kikuyu grass Pennisetum clandestinum - - - - - - + - - - - -
22  Buffel grass Pennisetum ciliare - - - - - - - - + - - -
23 Bermuda grass Cynodon dactylon - - - - - - + - - + - -
24 Torpedo grass Panicum repens - - - - - - + - - - - -
25  Indian goosegrass Eleusine indica - - - - - - + - - - -
26  Marvel grass Dichanthium annulatum - - - - - - + + - - - -
27 Paragrass Brachiaria mutica - - - - - + - - - - - -
28 Beard grass Brachiaria brizantha - - - + + - - - - - - -
29  Koronivia grass Brachiaria humidicola - - - - + - - - - - - -
30 Bufallo grass Panicum maximum - - - - - + - - - - -
31 Angleton grass Dichanthium aristatum - - - - - - - - + - - -
32 Bahiagrass Paspalum notatum - + + - + - - - - - - -
33  Ditch Millet Paspalum orbiculare - - - - - - - + - - -

34  Hairy crabgrass Digitaria sanguinalis - - - - - - - + - + - -
35  Southern crabgrass Digitaria ciliaris - - - - - - - + - - - -
36  Fiveminute grass Tripogon spp. - - - - - - - - - + - +
37 Red Natal Grass Rhyncelytrum repens - - - - - - - - - + - +
38 Isachne Isachne pangerangensis - - - - - - - - - - R +
39  Sleepy plant Mimosa spp. - - - - - - + - + + - -
40  Swollen finger grass Chloris barbata - - - - - - - + + - - -
41  Spinifex Spinifex littoreus - - - - - - - - + - - -
42  Rostelularia Rostellularia sundana - - - - + + - - - - - -
43  Coatbuttons Tridax procumbens - + - - - - - - - - - R
44  Gale of the wind Phyllanthus spp. - - - - - - - - - + - +
45  Big sahe Lantana camara - - - - - + - - - - - -
46  Fringed spiderflower Cleome rutidosperma - - - - - + - - - - - -
47  Wood fern Dryopteris arida - + + - - - - - - - - -
48  Guaco Mikania spp. - - - - - - + - - - - -
49  Misimisi Scirpodendron ghaeri - - - - - - - - - + - -

Remarks: R-1= the post mining site which has been reclaimed since 2004, R-2= the post mining site which has been reclaimed since 2008,
R-3= the post mining site which has not yet been reclaimed since 2012, R-4= active mine in 2016, A-1=land with sunken surface, A-2= land
with flat surface, dan A-3= land with convex surface. (+): presence, (-): absence.

The choosing of drought-resistant vegetation

will be very helpful in improving soil fertility, especially
in the first years of reclamation, since the soil solum in
quarry is still shallow. The soil fertility improvement

effort can be accelerated through the implementation
of alley cropping model. The alley cropping with
leguminous tree as the hedgerows is suitable with the
condition of Hambalang Quarry, since the contents of
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nitrogen in the soil is low and there are no nitrogen- plants with the most positive response to nitrogen as
fixing bacteria found (Tabel 4). The leguminous tree the essential nutrient (Lowe et al., 2002), and the need
can symbiote with the nitrogen-fixing bacteria, so it is for nitrogen will be met by leguminous tree as the
able to improve the contents of nitrogen and carbon hedgerows through the underground process
(C-organic) in soil, and give contribution in restoring exclusively (Sierra dan Nygren, 2006). Besides, the
ecosystem diversity (Chaer et al., 2011). The alley grasses are also potentially able to improve the
crop is chosen from the local drought resistant ground availability of nitrogen in the soil (Parker dan Schimel,
cover which is dominated by grasses. The grasses are 2010).

Figure 2. Several plant species in Hambalang Quarry; A= Gliricidia sepium, B= Pennisetum polystachion,
C= Rhyncelytrum repens, D= Chloris barbata

Tabel 3. The individual number in every growth level in quadrats from every type and land surface group in
Hambalang Quarry

Land Tvpes Land Surface Trees Poles Saplings Seedlings Ground Cover
yp Groups 20mx20m 10mx10m 5mx5m 2mx2m 5mx5m
R-1 A-1 7 6 3 6 84
A-2 32 8 2 4 191
A-3 16 6 5 12 312
18.33 6.67 3.33 7.33 195.70
Averages a a a a ab
A-1 14 2 4 2 128
R-2 A-2 8 5 3 2 506
A-3 13 4 3 2 110
11.67 3.67 3.33 2.00 248.00
Averages ab b a ab ab
A-1 0 0 0 1 2735
R-3 A-2 0 0 0 0 557
A-3 0 0 2 6 637
Averages O.t())o 0.((:)0 O.SY 2;;3 130;).70
A-1 0 0 0 3 18
R-4 A-2 0 0 0 0 0
A-3 0 0 0 0 13
Averages O.t())o 0.((:)0 O.t())o 1.80 10530

Remarks: R-1= the post mining site which has been reclaimed since 2004, R-2= the post mining site which has been reclaimed since 2008,
R-3= the post mining site which has not yet been reclaimed since 2012, R-4= active mine in 2016, A-1= land with sunken surface, A-2= land
with flat surface, dan A-3= land with convex surface. Means followed by the same letters in a column are not significantly different (P <
0.05).

Leguminous tree as the hedgerows and identification of drought-resistant vegetation in
grasses as the alley crops potentially result in larger Hambalang Quarry.
biomass (Garcia et al., 2001; Costa et al., 2016). The Reclamation strategy is compiled into three
biomass must be returned to soil by cutting it stages based on the purposes as follows:
periodically. According to Li et al. (2011), periodical 1. First stage, the revegetation of local plant in the
cutting will improve the allocation of underground alley cropping model between leguminous tree
biomass and species diversity. The increasing plant (Gliricidia sepium) and several local grass species
species diversity is actually an indicator of success in with the main focus on the improvement of soil
restoring environment since it has a better capacity to fertility in the first year.
dampen perturbation (Li et al., 2014). Therefore, the 2. Second stage, the revegetation of local plant in the
reclamation strategy must be compiled based on the alley cropping model between leguminous tree

(Gliricidia sepium) and several grass species
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dominated by Pennisetum genus, with main focus
on the improvement of soil fertility and bioenergy
production from second year to third year.

3. Thirdstage, the introduction of perennials among
the alley crops to be developed in the agroforestry
system, with the focus to maintain soil fertility and
biodiversity, and improving sustainable bioenergy
production starting from fourth year.

There are many local leguminous tree which are
successfully identified and drought resistant, but
Gliricidia sepium is chosen as hedgerow in firstyear,
since the biomass production is higher than other local
tree legumes (Fagbenro et al., 2015). Alley crops are
chosen from several local grass species and drought-
resistant, such as Panicum, Cyperus, Pennisetum, and
Imperata. The alley cropping model is regulated with
double hedgerows in which the space among tree is 1
meter, the space in tree line is 1 meter, and the space
among tree lines is 5 meter, while several grass
species are planted in the alley (Figure 3; inset map)
(Sutarno, 2015).

AEIDELBERGCEMENT

Gliricidia sepium as the hedgerows with the
space with closer distance is reported to result in
higher biomass and nitrogen (until 60 ton/ha/year and
503 kg N/ha, respectively) (Karim and Savil, 1991). In
fact, giving nitrogen 100 kg N/ha can increase the
production of dry matter of Pennisetum purpureum
until 11% (Flores et al., 2012), while giving nitrogen up
to 500 kg N/ha will increase the production of dry
matter of Brachiariabrizantha by 112% (Dourado et al.,
2015).

The considerable biomass potency must be
returned to soil by cutting it periodically. The cutting of
leguminous tree with the frequency once every 4
months is reported to produce total dry matter up to
157 ton/hal/year (Kabi dan Lutakome, 2013).
Meanwhile, the cutting of grass with the frequency
once every 1.5 months is reported to produce total dry
matter up to 14.9 ton/halyear (Sollenberger, 2008),
and the cutting should be done at the height of 15 cm
on soil surface in order to achieve the optimal result
(Wijitphan et al., 2009).

Tabel 4. Quantities of nitrogen-fixing bacteria, phosphate-solubilizing bacteria, and chemical properties of soil from
every type and land surface group in Hambalang Quarry

(2]
o 3 % o 28 H 5 2 N NH,O
Q -2 ® = .= P > ,0ac o o
‘é 8 @ "'C' |5 < & & 15 2 E g pH 7.0 N KCI = Q Q > 3 o)
F 32 58 8358 =2 = & O = @0
ke - = om L om
s cO = & o
- 8 z o C N P K KTK H Al
(CFU/g)  (CFU/g) : % % ppm  cmol®kg  cmol®kg %
R-1 A-1 0 8.0x10° 6.95 1.45 0.11 399 0.14 8.32 0.10 tr 9.95 7.63 3.73 037 056 7594
A-2 0 70x10° 757 084 010 435 017 7.92 0.10 tr 437 1494 529 030 102 6524
A-3 0 20x10° 7.02 115 011 3.62 0.12 8.32 0.10 tr 476 13.70 6.46 0.32 0.99 65.23
Averages 0 57x10° 7.18 115 011 399 0.14 819 0.10 6.36 12.09 516 033 0.86 68.80
a a b b b b b b a a a a c b a
R-2 A-1 0 0 548 161 014 598 0.23 12.28 0.10 tr 450 1445 576 037 099 65.01
A-2 0 1.0x10° 566 1.38 0.15 598 0.33 1268 010 tr 840 881 431 043 050 73.99
A-3 0 20x10° 590 161 015 7.25 040 14.26 0.10 tr 7.31 9.89 418 0.64 0.76 72.26
Averages 0 1.0x 10° 568 153 0.15 640 0.32 13.07 0.10 6.74 11.05 475 048 0.75 70.42
a b c a a a a a a a a a c b a
R-3 A-1 0 0 862 069 0.08 308 018 10.70 0.10 tr 431 1494 486 163 129 64.38
A-2 0 1.5x10° 859 046 006 290 021 9.11 0.10 tr 470 13.61 499 224 180 63.95
A-3 0 20x10° 861 069 0.08 3.08 0.8 951 010 tr 5.06 13.06 431 254 1.20 66.04
Averages 0 1.2x10° 861 061 0.07 302 0.19 9.77 0.10 469 13.87 472 214 143 64.79
a b a c c bc b b a a a a a a a
R-4 A-1 0 0 837 038 0.06 254 0.23 9.91 0.10 tr 3.72 1647 6.03 133 157 6133
A-2 0 0 797 038 0.07 344 022 1030 0.10 tr 373 16.78 519 095 154 62.63
A-3 0 25x10° 824 038 006 1.63 0.19 8.32 0.10 tr 442 1479 462 110 137 65.42
Averages 0 0.8x10° 819 0.38 0.06 254 0.21 9.51 0.10 396 16.01 528 113 149 63.13
a b a c c c b b a a a a b a a

Remarks: R-1= the post mining site which has been reclaimed since 2004, R-2= the post mining site which has been reclaimed since 2008,
R-3= the post mining site which has not yet been reclaimed since 2012, R-4= active mine in 2016, A-1=land with sunken surface, A-2= land
with flat surface, dan A-3= land with convex surface; tr= not measured. Means followed by the same letters in a column are not significantly

different (P < 0.05).

The considerable biomass potency must be
returned to soil by cutting it periodically. The cutting of
tree legume with the frequency once every 4 months is
reported to produce total dry material up to 157
ton/ha/year (Kabi dan Lutakome, 2013). Meanwhile,
the cutting of grass with the frequency once every 1.5

months is reported to produce total dry material up to
14.9 ton/hal/year (Sollenberger, 2008), and the cutting
should be done at the height of 15 cm on soil surface
in order to achieve the optimal result (Wijitphan et al.,
2009).
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Total dry matter resulted from the alley cropping
system in one year is predicted to reach 119.84 ton/ha.
According to Mutasers (2007), the conversion rate of
dry matter into humus is 25%, so total humus in one
year reaches 29.96 ton/ha. The humus is predicted to
increase the height of soil layer by 5 cm, so it is ready
for grass cultivation with the higher composition of
ethanol-cellulose in the beginning of second year.
There are many local grass species which have been
successfully identified and can be potentially used as
bioethanol feedstoks. These grass species are
Panicum maximum (285,70 L/dry metric ton) (Lima et
al., 2014), Brachiaria brizantha (311,57 L/dry metric
ton), Cynodon dactylon (376,30 L/dry metric ton),
Dichanthium aristatum (426,42 L/dry metric ton),
Pennisetum ciliare (438,90 L/dry metric ton),

AEIDELBERGCEMENT

Pennisetum purpureum (466,91 L/dry metric ton),
Brachiaria humidicola (545,49 L/dry metric ton)
(Cardona et al., 2012). The dry matter production of
several species of grass dominated by Pennisetum
genus is predicted to reach 127.20 ton/ha/year with the
bioethanol production of 51,810 L/ha/year. According
to Putro et al. (2013), when the bioethanol price is IDR
14,0000/L, the potency of gross income can reach IDR
725,340,000/hal/year. Based on calculation on capital
cost and production cost arranged by Kumar and
Murthy (2011) using hot water method in pretreatment
and production process of ethanol, the capital cost is
estimated to be IDR 631,200,000 and production cost
around IDR 297,244,000/year/ha production capacity.
The return of investment can be done in the second
year after the first production started.

Table 5. The resistance of local vegetations as potential bioethanol feedstock under drought stress based on pot test

Common Name Scientific Name

Replication

Resistance Level

Sedges Cyperus exaltatus 1
Mission grass Pennisetum polystachion
Torpedo grass Panicum repens
Elephant grass Pennisetum purpureum
Blady grass Imperata cylindrica

Spinifex Spinifex littoreus

Misimisi Scirpodendron ghaeri

WNPFPWNRFPWONPWONRPWONPWONRPEPWON

VDR
VDR
VDR
DR
DR
DS
VDR
VDR
VDR
DR
DR
DR
DR

Remarks :

The fermentation waste from the bioethanol
process must be returned to land. The waste can
potentially be the phosphate source (Liao et al.,
2016), and it will be decomposed into the humus as a
new soil layer. Thus, it provides ecological and
economic benefits simultaneously starting from second
year. The alley cropping model between Gliricidia
sepium as tree legume and several grass species
dominated by Pennisetum genus is maintained until
the third year. In the fourth year, the perennials are
introduced in the agroforestry system.

The chosen perennials can be plants to
potentially provide alternative energy, such as Michelia
champaca, Garcinia indica (Hosamani et al., 2009),
Jatropa curcas (Pandey et al., 2012), Pongamia
pinnata (Ahmad et al., 2009), Calophyllum inophyllum
(Agroramoorthy et al., 2012), Madhuca indica (Ghadge
dan Raheman, 2005), Azadirichta indica (Joel et al.
2016), Sterculia foetida (Bindhu et al., 2012), Havea

VDR= very drought resistant, DR= drought resistant, DS= drought sensitive, VDS= very drought sensitive

brasilliensis (Hassan et al., 2014), and/or other crops.
The perennials were planted exactly in the center of
alley crop, with the space of 12 x 10 m (Figure 3, inset
map). After third year, the environment is not the
obstacle anymore for the growth of perennials. The
increasing thickness of humus soil layer which is
predicted to be more than 20 cm, can be the indicator
of soil fertility improvement.

The soil fertility which has been improved since
the first year will increase the biodiversity since the
condition of environment is optimal for the growth of
many animal and plant species. These potencies will
encourage the shareholders and stakeholders,
especially farmers and people around quarry, to care
about the revegetation activity and its management, so
the obtained economic benefit will contribute to the
cost efficiency in the company for land reclamation,
and maintain biodiversity in Hambalang Quarry.
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