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OPENING SPEECH- RECTOR UNIVERSITY OF MATARAM 

International Seminar on the Tropical Natural Resources 2015 

Respected Guests, 

Keynote speakers, 

Seminar participants, 

and all other participants. 

On Behalf of all staffs ofthe University ofMataram, I welcome you all to Lombok, a 

beautiful island in West Nusa Tenggara Province, where the University of Mataram 

is located. Lombok is known for its natural and cultural diversity where you can 

enjoy traditional cuisines, beaches, waterfalls, mountain, traditional villages and 

handicraft of many ethnics including Sasak, Samawa, Mbojo, Balinese, Chinese, 

Arabic, and many others. 

As the Rector of the UntYersity of Mataram, it is a great honour for me to address the 

opening of ·'the International Seminar on the Tropical Natural Resources" here at the 

University of Mataram, which wi ll be held from lOth to l3th June 2015, with a theme 

"toward sustainable utilization of the tropical natural resources for better human 

prosperity". The main aim of this seminar is to gather scientist from all over the 

world to share their ideas, knowledge and experien9es and to build network for 

possible future collaboration. 

As we are aware that sharing knowledge and expenences from speakers are 

extremely valuable in a seminar, therefore I would like to express my high 

appreciation, first, to the keynote speakers from overseas (USA, Australia, New 

Zealand, China, Singapore, Malaysia, the Philippines) and from Indonesia for their 

willingness to come to Lombok to share their acknowledged works. Your effort and 

contribution to this seminar are absolutely valuable. Second, my high appreciation 

also goes to the national speakers and all other participants, including the speakers 

from University ofMataram and local universities in West Nusa Tenggar Province, 
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your participation in this seminar not only will give incredible share of ideas, skills 

and knowledge that you have, but also will improve the academic environment that 

we are developing in this university. I hope this seminar will be a good forum, not 

only for communicating and sharing ideas, knowledge and experiences, but also for 

building networking for future collaboration 

I would also like to take this opportunity to express my appreciation to the sponsors 

(Bank Mandiri, Bank BNI, Bank BRI, Bank BTN, Bank Bukopin), which have given 

some contribution to this seminar. Last but not least, I would like to thank the 

steering and organizing committee as well as all other supporters and participants, 

without their effort, commitment and hard work, this seminar will not run well. 

Finally, I wish you most successful seminar, enjoy Lombok Island and hope to see 

you again in other forum here at the University of Mataram. 

Prof. Ir. Sunarpi, Ph.D 

Rector of the University ofMataram 
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Stabilization of Organic Matter in the Reclaimed Mine Tropical 
Soils 

1\khmad. R. Saidy"·, Afiah I fayati3
, Meldia Septiana:' 

·• Department of Soil, Faculty of Agriculture, Lambung Mangkurat University, Banjarbaru 70714, 
Indonesia. Phone: +62 5 II 4777540, fax: +62 511 4772254. 

Corresponding author: asaidy@unlam.ac.id 

Abstract 

Surface mining for coal drastically alters soil properties, destabilizes soil 
organic carbon (SOC) and depletes SOC pools. Reclamation aims to establish a 
vegetation cover and replenjshment of the SOC pool through stabilization of SOC. 
Thus, assessing soil surface properties controlling carbon stabi lization is essential to 
improve SOC contents of the reclaimed soils. We examined organic carbon (OC) 
contents of bulk reclaimed mine soils with differing ages (1, 5, 9, 13 and 18 years) 
and the relationship between soil surface properties (clay content, exchangeable Ca 
and Mg, r-' pOHNaF, specific surface areas, Fe and AI oxides) and OC contents was 
examined through correlation and regression analyses. The OC ccontents of bulk 
soils did not sigmficantly increase with increasing the duration of soi l reclamation. 
The presence of polyvalent cations such as Ca2+, Mg2+, Fe H and AI'+ in soils may 
function as bridge between negatively charged surface (e.g. in clay minerals) and 
acidic functional group of the OM (e.g. COO} In this study, Ca2

.,. cation function as 
a bridge between both charges as indicated b) a significant correlation (r = 0 9 1; P 
<0.00 1) between 'OC content and exchangeable Ca2+. Soil OC contents also 
correlated significantly \vlth Fed (r = 0.85; P<O.OO I), Fe0 (r = 0.94; ? <0.001 ), Al0 (r 
= 0.9 1; P <O.OO I ) and specific surface area (r = 0.91 , ? <0.001), indicating the 
importance of Fe and AI oxides in the stabilization of organic matter in the reclaimed 
mine soils. T he importance of Fe and AJ oxides on soil OC stabilization is also 
corroborated by a significant decrease in the specific surface area of soils after 
removing Fe and AI oxides from soils. Results obtajned in this study suggest the role 
of iron and alwninium hydro-oxides in the long-term accumulation of organic carbon 
in the reclaimed mine soils. 

Keywords: adsorption, carbon retention, ligand exchange, cation bridging, carbon 
sequestration. 

1. Introduction 

Surface mining for coal in Indonesia has disturbed thousand hectares of soils. 

The soils subjected to surface mining operations show drastically altered biological, 

chemical and physical properties (Ussiri et al. , 2006). In particular, soil organic 

carbon (SOC) concentrations are low due to reduced plant litter inputs, accelerated 

soil erosion, topsoil removal, and increased mineralization, along vvith breakdown of 
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soil aggregates (Ussiri et al., 2006). Observations on some of the coal-mined soi ls in 

the Province of Kalimantan Selatan which has been reclaimed by planting acacia and 

sengon for 3-7 years showed that organic carbon (OC) content reaches only 0.27 to 

0.84% (Saidy et al. . 2007) and ranges from 0.46 - 1.57% on coal-mined land has 

been reclaimed for 3- I 1 years (Arifin et al. , 2008). Results of this study indicate that 

the stabilization of organic matter in the reclaimed mine tropical soils is very slow. 

Phyllosilicate clays and hydrous iron oxides have been recognized as the minerals 

most relevant to OC stabilisation (Meier eta/., 1999; Balcke eta/., 2002; Tombacz et 

a/., 2004; Kaiser et a/., 2007). Hydrous oxides are able to interact with both clay 

minerals and organic compounds (Ohtsubo, 1989; Tombacz el a!., 2004) to fonn 

clay-mineral- organic associations, which may significantly influence the size of the 

mineral-associated organic matter fraction resistant to biodegradation. In our 

previous study (Saidy et a/., 20 12), interaction between goethite and kaolinite was 

shown to increase the stabilisation of plant residue-derived OC as compared to 

kaolinite \vithout goethite treatment. ln a subsequent st•.•dy, we found that coating 

kaolinite with goethite resulted in an increase 111 the capacity of coated-clay to adsorb 

dissolved organic carbon (Saidy eta/. , 2013). These results suggest that the increase 

in OC stal1ilisation upon oxide-coating of clays may be associated with an increase in 

the capacity of coated-clays for DOC adsorption (Kalbitz eta/. , 2005; Schneider et 

a/., 20 10). 

The presence of organic matter in the reclaimed mine soils is very crucial 

because it improves soil chemical, physical and biological properties (Saidy et al. , 

2003; Saidy and Mariana, 2006; Saidy and Septiana, 1999). Results of previous 

studies also showed that the reduction of Cr (VI), which is toxic, to Cr (III), which is 

insoluble and non-toxic, increases with increasing soil organic matter (Mariana et al. , 

201 0; Saidy and Badruzsaufari, 2009a; 2009b ). However, information on the factors 

controlling the stabilization of organic matter in the reclaimed mine tropical soils is 

not available. The objective of this study was to quantify the effect of reclamation 

duration on the OC contents is reclaimed mine soils. Relationship between OC and 

physical-chemical soil properties was measured to detennine soil surface properties 

control the stabilization of organic matter in the reclaimed miny tropical soils 

.. 
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2. Methodology 

2.1. Study Site and Soil Sampling 

The study site is located in the Kecamatan Satui , Kabupatcn Tanah f3umbu 

The s ite was surface milled mined for coal, and reclaimed w1th application of topsoi l, 

typically revegetated by acacia (Acacia mangium Wild.) and sengon (Albi::ia 

chinensis). Five reclaimed mine soils experi~ncing different ages : 1 years (reclaimed 

in 2014), 5 years (reclaimed in 2010), 9 years (reclaimed in 2006), 13 years 

(reclaimed in 2002) and 18 years (reclaimed in 1997) have been selected for this 

study. All reclaimed mine soils were planted for acacia (Acacia mangiwn Wild.). 

Soil samples were collected from a depth of 0-30 em at several different points. Once 

cleaned for plant debris, soi l samples were then homogenized, stored in plastic bags 

and stored at 4 uc. Samples were then air-dried for detennining soi l physical and 

chemical properties. 

2.2. Soil Physical and Chemical Analyses 

Soil phys1cal properties ana lyzed include clay content, bulk and pantcle 

density (Blake ano Hartge, 1986a; J986b). Soil pH was determined using glass 

electrode method (McLean, 1982). Content of organic carbon (OC) was measured 

using chromic acid wet oxidation (Neloson and Sommers, 1986) and nitrogen content 

was measured using the Kjehdahl method (Bremer and Mulvaney, 1 982). The cation 

exchange capacity (CEC) of soils was detennined by the ammonium acetate (pH 7) 

method (Rhoades er a/., 1982). The content of exchangeable bases (Na, K, Ca and 

Mg) was detennined by atomic absorption spectroscopy (AAS) after extraction with 

ammonium acetate. Concentrations of Fe and AJ were extracted with dithionite (Fed 

and Ald) and ammonium oxalates (Alo) using the methods described by Blakemore et 

a!. (1987), and then determined using atomic adsorption spectrophotometer. The 

change in solution pOH due to the addition of NaF (DpOHNaF) was measured to 

estimate the F- reactivity of soils (Fields and Perrot, 1966; Perrot et al. , 1976). A 

solution 0.1 mol L-1 NaF in a soil (g) to solution (mL) ratio of 1:40 was shaken and 

allowed to eqUilibrate for 20 mm pnor takmg the tina! solution pH. The method was 

repeated using deionised water. The difference in Off solution calculated from the 

... 
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pH in H20 and NaF was to measure the UpOHNuF· The specific surface areas (SSA) 

of the soil samples with and without removing AI- and Fe- oxides by oxalate 

extraction was analysed by multiple-step adsorption- desorption of N2 at 77K in the 

relati ve pressure range of 0.05- 0.30 with an ASAP 20 I 0 surface area analyser 

(Micromeritics Instrument Corp., Norcross, GA). 

2.3. Data Analysis 

Analysis of variance was perfonned on the data of carbon organic and total 

nitrogen contents to quantify the effect of reclamation duration on the OC contents. 

Relationship between soil properties and OC contents of reclaimed mine soils was 

measured using correlation-regression analyses. All statistical analyses were 

performed using GENST AT 12th Edition (Payne, 2008). 

3. Results and Discussion 

Analysis of variance revealed that organic carbon and total nitrogen contents 

were influence by changes in the duration of reclamation. Tota l nitrogen contents 

showed an increasing trend with increas ing the duration of reclamation, in which 13 

year-reclaimed site contained a significant higher total nitrogen content compared to 

1, 5 and 9 year-reclaimed sites (Figure I). The highest total nitrogen content was 

noticed in the 18 year-reclaimed site. Contrast to total nitrogen content, organic 

carbon content varied significantly with increasing the duration of reclamation 

(Figure 1). The highest OC content was observed in the oldest reclaimed site whilst 

the lowest OC content was observed in the youngest reclaimed site (Figure 1 ). 

However, the OC content of I year-reclaimed si tes was significantly higher than that 

of 5 year-reclaimed site and the OC content of 9 year-reclaimed site was higher than 

that of 13 year-reclaimed site (Figure 1 ). These results indicate that another factor 

than the duration of reclamation controlling the stabilization of organic carbon in the 

reclaimed mine soils. 
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Figure 1. Contents of organic carbon (left) and total nitrogen( right) of soils. 
The vertical bars represent standard deviation (n=3). Similar letters above 

column indicate no statistical difference between tbe treatments based on the 
LSD test at P <0.05. 
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Figure 2. Relationship between OC contents and clay contents (a), DpOH NaF 
(b), exchangeable Ca (c), exchangeable Mg (d), oxalate-extractable iron (e), 

oxalate-extractable aluminium (f), dithionite-extractable iron (g), and specific 
surface area (h) of reclaimed mine soils. 
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Regression and correlation analyses were conducted to assess surface soi l 

properties controlling the OC stabilization of reclaimed-mine soils. Results of 

analysis showed that organic carbon contents correlated significantly with clay 

contents (r - 0.93 : I' 0 00 I ) (Figure 2a) The relationship hetwecn clay contents and 

organic carbon was also reported in other studies (Homann et al., 2007; Lorenz et al., 

2008) who found that organic carbon in soil containing high clay contents is more 

resistant to microbial decomposition compared to that with low clay contents. The 

role of clay in the soil organic matter stabilization occurs through increasing the 

number of available reactive sites for the sorption of organic carbon. 

The presence of polyvalent cations such as Ca2
+, Mg2+, Fe3

+ and AI3
+ in soils 

function as bridge between negatively charged surface (e.g. in clay minerals) and the 

acidic functional group of the OM (e.g. coo·) (Kogel-Knabber and Kleber, 201 1). 

ln this study, Ca2
+ and Mg1

+ function as bridge between both charges as indicated by 

significant correlation between OC contents and the concentrations of exchangeable 

Ca2
+ (r = 0.91 ; P <0.00 1) and exchangeable Mg2

+ (r = 0.75; P <'0.001) (Figure 2c 

and 2d). Effect of Ca2
' on the stabilization of organic materials was also reported in 

prev1ous studies ( Arnarson and Keil , 2000; Feng et a l. , 2005: Schlautman and 

Morgan, 1994 ), who showed that the presence of cations such as Ca2+ and Al3
+ 

increase the sorption of organic matter through cation bridge mechanism, thereby 

increasing soil organic matter contents. 

The presence of secondary minerals, m particular those with abundant 

hydroxyl groups, also provide significant surface areas to which organic matter can 

adsorb (Kaiser and Guggenberger, 2007; Basile-Doelsch et al. , 2007; Kleber et al., 

2005). Dithionite-extractable Fe (Fed), oxalate-extractable Fe (Feo) and oxaJate

extractable AI (AI 0 ) were determined in this study and then correlated with the OC 

contents of these soi ls. Fed represents both crystalline and poorly-crystalline Fe 

oxides, and acid oxalate is used to extract Al and Fe from poorly-crystalline 

aluminosilicates, ferrihydrite, and AI- and Fe-humus complexes, but not from well

crystallized Fe oxides. The analysis showed that soil OC contents correlated 

significantly with Fed (r = 0.85; P<O.OO l ), Fe0 (r = 0.94: ?<0.001) and Alo (r = 0.91: 

P<O.OO I), indicating the importance of Fe and AI oxides in the stabiJization of OC in 

the reclaimed mine tropical soils. The role of Fe and AI oxides in increasing the 

•. 
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stabilization of organic matter also reported in previous studies. The addition of iron 

oxide into the soil improves the soil's ability to adsorb organic matter (Saidy et al. , 

2013), which in tum will increase the ability of soil to stabilize the organic matter 

(Eusterhues et al. , 2005; Saidy ct al. , 20 12; Saidy et al. , 20 15 ). 

The importance of Fe and AI oxides on soil organic carbon stabilization is 

also indicated by a significant correlation between organic carbon content of the soil 

with data ofF reactivity (0 pOHNaO (Figure 2b). The DpOHNaF is a measure of the 

difference in solution pOH due to the displacement of soil surface OR by the added 

F . The increase in pH when a NaF solution is added to a soil sample has been 

previously recognized as a test of mineral surface reactivity (Perrot et al. , 1976 ). 

Figure 2b showed that the reclaimed mine soils with high organic carbon content also 

had high surface reactivity. The high surface reactivity of those soils may due to the 

high contents of the Fed, Fe0 and Al0 . Correlation analysis revealed that :JpOHNoF 

had a significant correlation with Fed (r = 0.86, P <0.00 1 ), Fe0 (r = 0.81 , P <0.00 I) 

and Al0 (r = 0.92, P <0.001 ). 

Specific surface area (SSA) describes the surface area that ts potentially 

avai lable for organic matter sorption. It has been reported that soil organic matter 

sorption seems to increase with increasing SSA of soil minerals (Kahle et al. , 2004; 

Kaiser and Guggenberger, 2003), thereby increasing the OC contents of soils. In this 

study, we found that the SSA correlated significantly with the OC contents (r = 0.91, 

P <0.001) (Figure 2h), indicating an important role of the SSA on the stabilization of 

OC in the reclaimed mine soils. The SSA of soils in this study is considered to be 

contributed by the Fe and oxides in soils. Trus was supported by significant 

decreases in the SSA of reclaimed mine soils from 14-29 m2 g·1 to 6-11 m2 g·1 after 

removing Fe and AI oxides from the soils by oxalate extraction (data not shown). , 

Eusterheus et al. (2005) also reported that the specific surface area of particle-size 

fractions reduced significantly from 4-145 m2 g·1 to 2.4-54 m2 g·1 after extraction of 

total Fe oxides by wthionite-citrate-bicarbonate (DCB). The results of this study 

emphasise the importance of Fe and AI oxides oxides in proviwng specific surface 

areas for organic matter sorption in organo-mineral associations in reclaimed mine 

soils. 
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4. Conclusions and Implications 

Results obtained in this study revealed that OC contents in the reclaimed 

mine soi ls did not increase \·vith increasing the duration of reclamation. Content of 

organic matter in the reclaimed mine soils is controlled by surface soil properties 

such as clay content, exchangeable calcium and magnesium, and iron and aluminium 

oxides. Results of this study imply that it . is not the types of vegetation and the 

duration of reclamation controll ing the successfulness of soil reclamation, but soil 

surface properties should also be considered as factors for increasing carbon 

sequestration in the reclaimed mine tropical soils. 
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