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Abstract: Problem statement: The soil properties of tropical rain forest in Sweast Asia have
been characterized by several researchers; howaweirical data on soil characteristics under
rehabilitation program are still limited or evercking. This research is important to determine the
soil physical and chemical properties of a rehtdi#id degraded forest land 19 years after planting
with various indigenous species in comparison widfacent secondary forests and to elucidate the
soil fertility status in rehabilitated and secondforests by using Soil Fertility Index (SFI) andilS
Evaluation Factor (SEFApproach: Soil samples were collected from both locationsciwhwere
rehabilitated forest and secondary forest (Nirwémaest) at University Putra Malaysia, Bintulu
Sarawak Campus. The plot size of each experimsit@lwas 20x20 m. An auger was used to take
soil samples from two depths, namely 0-10 and 1@&®0 For soil profile, the soil samples were
collected from different depths up to 100 cm acewgdo the soil horizons. The samples were air-
dried, homogenized and sieved to pass a 2 mm niesh for further analysis. The physical analysis
consisted of bulk density and soil moisture conté&otr chemical analysis, soil acidity, soil organic
matter, total organic carbon, available P, exchahfge Al, exchangeable ammonium and nitrate,
exchangeable cations (Ca, Mg, K) and Cation Excaaapacity (CEC) were determined. The soil
fertility status was determined based on SFI an& S8&lues for both rehabilitated and secondary
forests.Results: The bulk density of the rehabilitated forest ramdgetween 0.70 and 1.29cmi®

and that of the secondary forest was 0.64-0.76 g.chhe soil moisture content of the rehabilitated
forest was 23.31-51.03% while that of secondargsbwas 41.06-41.49%. The range pH (water) of
the rehabilitated forest was 4.5-5.0 and that efg¢bcondary forest range was 4.2-4.3. Furthermore,
the content of SOM in the rehabilitated forest v2aS-5.8%. On other hand, the range for the
secondary was 4.1-4.6%. The exchangeable Al ofehabilitated forest was 0.8-2.5 crd@ ™" and
that of the secondary forest was 1.6-1.7 ¢kpf. The CEC of the rehabilitated forest was 1.4-11.8
cmokkg™, while that of the secondary forest was 4.3-4.®lgkg ™. Based on SFI and SEF values,
the secondary forest had a lower fertility statampared to the rehabilitated forest. Moreover, the
SEF value of the secondary forest was below 5,emhilme of the plots of rehabilitated forest had
the SEF values greater than Gonclusion: It can be concluded that both rehabilitated and
secondary forests have significant differences dhase selected physical and chemical properties.
Moreover, the soil fertility status at rehabilitdtplots was comparatively higher than secondary
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forest indicating a good potential of ‘Miyawaki’ fest rehabilitation technique in rehabilitating and
replenishing soil fertility status of degraded f&triand.

Key words: Soil fertility index, Soil evaluation factor, rebititated forest, secondary forest, cation
exchange capacity, dipterocarp

INTRODUCTION frequency of wild fires are common consequences of
forest operations in humid tropical forests.

Tropical rainforests cover 6% of the earth’s land In order to reverse such degraded forest land into
surface, yet provide a habitat for more than 50%hef more productive areas, plantation forest or
world’s living of plant and animal species (Archatdil., rehabilitation activities are important countermeas
2002; Mayauxet al., 2005). They are the richest from a global perspective in terms of wood resosirce
ecosystems in the world in terms of structure ancenvironment and species conservation worldwide.
species diversity (Whitmore, 1998). Tropical ranefst  Rehabilitation attempts to return the forest totable
of Malaysia is located in South East Asia and casegr and productive condition, but not necessarily the
Sabah and Sarawak on the island of Kalimantarriginal diversity, structure and function. Rehaéation
(Borneo) and Peninsular Malaysia. The total larghar commonly involves plantation of native and exotic
of Malaysia is approximately 32.8 million ha, witB.1  species on degraded forest land. University Putra
million ha in Peninsular Malaysia, 7.4 and 12.3liol  Malaysia Bintulu Sarawak Campus, Yokohama
ha in Sabah and Sarawak, respectively (Jatnal., National University and Japanese Center for
2004). In the case of total forest cover in Malaysi  International Studies in Ecology initiated a forest
has been estimated to be 20 million ha or 60% f itrehabilitation program in shifting cultivation aréa
total land area, with the proportion of forestedida Bintulu using “Miyawaki” forest rehabilitation
being higher in Sabah and Sarawak than in Peninsuldechnique. “Miyawaki” forest rehabilitation technig
Malaysia. Of the total forest area, 5.97 milliondra in  starts with field survey by comparing the site’s
the Peninsular Malaysia, 4.25 million in Sabah &r@8##  characteristics with an adjacent native forest. The
million in Sarawak (Jomecet al., 2004). Malaysia’s selections of potential natural species are idieqtif
tropical rainforest is well known as one of the mos from the releve (vegetation sampling) of the adjace
complex ecosystems in the world where it is home toatural forests (Lengt al., 2009).
more than 8,000 species of flowering plants, 2,600 Furthermore, in order to curtail and manage the
which are tree species. degraded forest land properly, accumulation of

Despite increasing recognition of the importante o knowledge on the soils is required. Although severa
tropical rain forest, huge areas are becoming diegra studies have been conducted to characterize tHe soi
forest land as a consequence of deforestationstforeproperties in Malaysia (Ishizukeaal., 2000; Hattoret al.,
harvesting, shifting cultivation and forest encto@ent  2005; Abduet al., 2007; Zaideyet al., 2010), a crucial
(Jomo et al., 2004). It was estimated that about 13information in relation to physical and chemical
million hectares of the world’s forests are loshaaly  properties under rehabilitation of degraded fotast
due to deforestation (FAO, 2005). According to Butl with various dipterocarp species is rather limited.
(2006), approximately 140,200 ha or 0.65% of The objective of our study was to determine soil
Malaysia’s forested area are lost annually sind2th  physical and chemical properties of planted foiast
Sarawak alone, besides forest harvesting and foresbmparison with secondary forest and to elucidage t
encroachment, shifting cultivation is the majorsmwf  soil fertility status by using Soil Fertility Inde¢SFI)
land degradation. It was reported that 2.25 milllem and Soil Evaluation Factor (SEF).
were under shifting cultivation in the 1960s andli9g5,

increased to 3.33 million ha (Joraal., 2004). MATERIALSAND METHODS
Deforestation is the logging or burning of trems i
forested areas. The removal of trees without Sefiic This study was conducted at two different sites,

reforestation has resulted in damage to habitat andehabilitate forest and secondary forest (Nirwaoradt)

biodiversity loss accompany with increasing soilat University Putra Malaysia, Bintulu Campus area

compaction, erosion and decrease in soil fert{l@gist  (latitude 03°12 N and longitude 113°02 E). The

and Lambin, 2002; Williamson and Neilsen, 2000).rehabilitated forest or Malaysia Tropical Forest

Moreover, physical degradation of soil results inRegeneration Experimental Project, initially a Join

reductions in plant growth and increases in theResearch Project between Yokohama National
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University and University Putra Malaysia, formerly nitrate, exchangeable cations (Ca, Mg, K) and @atio
known as University Pertanian Malaysia, wasExchange Capacity (CEC) were determined.
sponsored by Mitsubishi Corporation in 1990. This Bulk density was determined using the coring
project has been extended as a joint effort betweemethod. The gravimetric method is the simplest weth
University Putra Malaysia, University Malaysia to determine soil moisture content. Soil sample was
Sarawak (UNIMAS) and Japanese Center forweighed before and after the sample was oven ditied
International Studies in Ecology (JISE) since Oetob 105°C until constant weight was attained. The
1993. Prior to the project, the site was an abaedion Electrical Conductivity (EC) and pH ¢B) values were
shifting cultivation area. The attempt to recremteative = measured by mixing soil with deionized water aatior
forest with indigenous trees is a success wheresithe of 1:5 (soil: water) followed by shaking the mixtufor
now is taking on the appearance of a luxuriantsiofehe 1 h and using platinum for EC or glass electrodefe.
once deserted 50 ha area is now becoming home fathe pH KCI of the soils was measured with a glass
350,000 forest tree seedlings from 126 tree spdmes  electrode using a soil solution 1:5 (soil: 1M K@fter
the family of dipterocarpaceae and non-dipterocapa. shaking for 1 h. The exchangeable acidity and
Therefore, tree planting in this area has become aexchangeable aluminum were extracted once with 1 M
annual event to the community of the parties. Im@st, KCI. The exchangeable acidity was determined by the
the adjacent secondary forest of Nirwana forest aas titration method with 0.01 M NaOH and the contefit o
logged over forest for a period of time and lefleid exchangeable Al with 0.01 M HCI (Sumner and
without any forest management system. Stewart, 1992). Determination of available P wasedo
The mean annual rainfall is about 2993 mm and théy Bray 2 method. Soil available P was extractetth @i
mean daily temperature recorded is 27°C. The meamixture of HCl and NEF (Kuo, 1996). Exchangeable
monthly relative humidity of the area is usuallyoae  cations (Ca, Mg, K) were determined by leaching
80% and slightly lower during rainy season. Thdssoi Mmethod using 1 M ammonium acetate at pH 7. The
of University Putra Malaysia Bintulu Campus beldng —concentrations of Ca, Mg and K were determined by
Bekenu and Nyalau (Ultisols) series which are well@iomic absorption spectophotometry. After removing
drained. Bekenu and Nyalau series are charactebiged the excessive ammonium, the soil was extracted with
mixed fine loam, 4-15 cm deep light yellowish brown 100 g L NaCl solution and the supernatatnt was used
top soil and brownish yellow subsoil. Both seriesfine [0 determine the Cation Exchange Capacity (CEC)
loamy, siliceous, isohyperthermic, red-yellow tdlye using the Kjeldahl dlstl_llatlon and_tltrat|0n metholhe _
Tipik Tualemkuts based on the USDA-Soil Taxonomyexphangeable ammonium and nitrate were determined
Classification System (Soil Survey Staff, 1999). usmg_ZM KCI followed by steam distillation methed .
Soil samples were collected from a rehabilitateddescnbed by Mulvaney (1996). The content qf organ
forest and secondary forest (Nirwana forest) a atter and total organic carbon were determinedgusi

. . . s 0ss-on-ignition method (Murugayahal., 2009).
University Putra Malaysia, Bintulu Campus. The plot ) - ) -
size for each site was 20x20 m. An auger was used ﬁ In order to evaluate soil fertility, Soil Fertijit

. dex (SFI) (Moranet al., 2000) and Soil Evaluation
take soil samples from two depths namely 0-10 dhkd 1 n
20 cm. In order to compare the soil physical andFactor (SEF) (Lwet al., 2002) were used. The SFI and

chemical properties as well as soil fertility statat SEF indices were calculated to quantify the intignsi

rehabilitated forests, the soils at adjacent seagnd Eﬂgwiiegéaﬁﬂgas-m the study site based on the
forest were collected. Proper labeling was conalitte geq '

avoid identification errors during transfer. Eaclotp . . _ .
was divided into two different sites. Then, the plas Soil Fertility Index (SFI) = pH + organic mattéx( dry

were taken from each corner and in the middle ang®! bas[sl) + available P (mg 1%gd_r¥ soil) + exch K
homogenized to make composite sample. For soiﬁcmou‘g_l) + exch Ca _gcmdkg ) + exch Mg
profile, the soil samples were collected from diéfie  (CMokkg~)-exch Al (cmolkg ™)

depths up to 100 cm according to the soil horizdhe ) ) »
samples were air-dried, homogenized and sievedds p Soil Evaluation Factor (SEF) = [Exch K (crda™) +

a 2 mm mesh sieve for further analysis. The physicaExch Ca (cmekg™) + Exch Mg (cmakg™)-log(1 +
analysis consisted of bulk density and soil moastur €xch Al (cmolkg™)] x organic matter (%, dry soil) + 5
content. For chemical analysis soil acidity, Saigénic

Matter (SOM), Total Organic Carbon (TOC), available ~ Both indices (SFI and SEF) were developed and
P, exchangeable Al, exchangeable ammonium andsed to assess the soil biomass and fertility stataler

1202



Am. J. Applied Sci., 7 (9): 1200-1209, 2010

succession of secondary forest in the Amazon humid Table 2 shows the highest mean value of moisture

tropical forest of Brazil. The suitability of SFhd SEF
indices were used in the present study to deterthiae

soil fertility between rehabilitated and secondary

content was 51.03% for Plot 2003 and the lowestrmea
was 23.31% for Plot 2008.
Table 3 shows the mean values of soil acidity

forests. Analysis of variance and Tukey's (HSD) ever (PH(KCI) and pH(HO)) at rehabilitated and secondary

used for the statistical test. Statistical AnalySistem
(SAS Ver. 9.2) was used for the statistical analysi

RESULTS

forests. For pH in KCI, the highest mean was 4@5 f
Plot1996, followed by Plot 2008. The lowest mealueva
was 3.59 for Nirwana 2. In addition, Table 3 alkovss
that the highest mean of pHAB) was 5.03 for Plot 2005.
However, the lowest mean was 4.22 for Nirwana 2.

The highest mean value of bulk density was 1.29 g

cm for Plot 2008, while the lowest mean 0.64 g tm
for Nirwana 2 as shown in Table 1.

Table 3: Soil acidity (pH KCI and pH Water) of réligated forest
(different ages) and secondary forests (Nirwanadl2)

Means
Table 1: Bulk density of rehabilitated forest (difnt ages) and .
secondary forests (Nirwana 1 and 2) Plots/years of planting Kle iﬂ)bc »
Means 1991 3'73; 4.51b :
___________________ 1993 3.7% 4.57°
Plots/years of planting Bulk density (g &n iggg igz gg%
}33@ 8:8772: 1997 3909 4.84°
1995 0.98*° 1998 3.95% 4.7
1996 0.92« 1999 3.88¢ 4.66"™
1997 0.70° 2000 3.98¢ 4,74
1998 0.85°% 2001 3.98 4.94
1999 0.84 2002 3.7¢ 4.84°
2000 0.9 2003 3.74 4.7
2001 -9b;:cd 2004 3.91* 497
2002 095" 2005 3.99% 5.0%
2003 0.85 de
b 2006 3.8% 4.9%
2004 10 2007 3.8 4.85°
3882 8:§§de 2008 4.04 5.00
2007 1.04° Nirwana 1 3.80 4.37
2008 1.2¢ Nirwana 2 3.59 422
Nirwana 1 0.76* Note: Means with the different letters within columnsear
Nirwana 2 0.62 significantly different at 5% between plots and swtary forests

Note: Means with the different letters within columnsear
significantly different at 5% between plots and @®tary forests
according to ANOVA and followed by a Tukey's (HS@st

Table 2: Moisture content of rehabilitated foredifférent ages) and

according to ANOVA and followed by a Tukey's (HS@}pt

Table 4: Percentage of Soil Organic Matter (SOM] #otal Organic
Carbon (TOC) of rehabilitated forest (different sgend
secondary forests (Nirwana 1 and 2)

secondary forests (Nirwana 1 and 2) Means
Means
s “mmmee- Plots/years of planting SOM (%) TOC (%)
Plots/years of planting Bulkbcdensny (gSn 1991 4.8¢ 2.78m%
1991 39.17% 1993 3.95 2.2g<
1993 34.07% 1995 3.8 2,24
1995 34-7gw 1996 277 1.67°
1996 30.98° 1997 3.658% 2.1%
1o 204, 217
1999 31.38" ro00 ¥ 2
5000 37 4700 2000 4,08 2.3g0cce
5001 32 66 2001 3.9% 2.27%
5002 38 750 2002 5.87 3.40
: 2003 5.2¢ 3.07°
2003 51.03 e de
d 2004 3.1%8 1.83
2004 32.97 de ode
5005 37 9gbe 2005 4.0% 234
2006 50.96 2006 4.69° 2.72™
5007 20,475 2007 3.2¢* 1.9
T 2008 258 1.47
2008 23.3 . de cde
Nirwana 1 41.4% Nirwana 1 4.09°C 2.3'Fbc
Nirwana 2 41.08° Nirwana 2 4.62 2.68

Note: Means with the different
significantly different at 5% between plots and s®tary forests
according to ANOVA and followed by a Tukey's (HS@pt

letters within columnsear

Notee Means with the different
significantly different at 5% between plots and setary forests

letters within columnsear

according to ANOVA and followed by a Tukey's (HS@}pt
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Percentage of soil organic matter for the Exchangeable ammonium (NH=N) and
rehabilitated forest and secondary forest are shimwn exchangeable nitrate (NON) of the rehabilitated forest
Table 4. Plot 2002 had the highest mean (5.8#d)the and secondary forest are shown in Table 7. For
lowest was 2.53% for Plot 2008. Percentage of totaéxchangeable (Nf*N), the highest mean was 43.78
organic carbon of the rehabilitated forest and séany  ppm for Plot 1991 and Nirwana 1, while the lowestam
forest are shown in Table 4. Plot 2002 had thedsph was 17.51 ppm for Plots 1999 and 2000. However, for
mean (3.40%&@nd the lowest was for Plot 2008 (1.47%). exchangeable nitrate (N) the highest mean was

The highest content for exchangeable Al was in22.77 ppm for Plot 1997 and Nirwana 1, while thedst
plot 2003, while the lowest was in Plot 2008 asveaho mean was 5.25 ppfor plot 2007 and Nirwana 2.
in Table 5. Table 6 shows the mean value of cation .
exchange capacity at rehabilitated and secondar}2Ple 7: Exchangeable ammonium (R) and exchangeable

. . nitrate (NQ'N) of rehabilitated forest (different ages) and
forests. The highest mean was in Plot 2002 and the secondary forests (Nirwana 1 and 2)

lowest mean was in Plot 2008. Means
Table 5: Exchangeable Aluminum (Al) of rehabilithteforest  pjots/years of planting NE£HN (ppm) NQ™N (ppm)
(different ages) and secondary forests (Nirwanadl2) 1991 23.78 14.0F
Means 1993 31.52'”3 8.77
C
Plots/years of planting Exchangeable Al (cmg11) 1995 31'55 17'51;
901 517e 1996 38.5 y 7.01
1993 1 5ee 1997 28.0% 22.77
1095 1 268" 1998 26.2?” 19.22:
1996 1.0% 1999 175 12.2
1997 1.28% 2000 17.54 19.26
1998 1.3¢ 2001 24.5%1 14.02
1999 1.48 2002 21.0%¢ 7.0P
2000 158" 2003 35.09 10.5F
%88; g-g;{, 2004 36.78° 7.0F
5003 554 2005 22.7% 14.0F
2004 11ge 2006 28.0%« 21.02
2005 0.88 2007 19.26 5.28
2006 1.56% 2008 31.5% 21.02
2007 1.04 Nirwana 1 43.78 22.77
2008 0.84 Nirwana 2 31.5% 5.28
H:mgﬂg % 1% Note. Means with the different letters within columnse ar

significantly different at 5% between plots and setary forests

Note: Means with the different letters within columnsear
significantly different at 5% between plots and s®tary forests
according to ANOVA and followed by a Tukey's (HS@st

according to ANOVA and followed by a Tukey's (HS@}pt

Table 8: Available P of rehabilitated (different eay forest and

Table 6: Cation Exchange Capacity (CEC) of reheitdd (different secondary forests (Nirwana 1 and 2)

ages) forest and secondary forests (Nirwana 1 and 2 . Meang ~
Means Plots/years of planting Available P (mgRg
____________________ 1991 10.92
Plots/years of planting CEC (crgag ) 1993 1.99
1991 8.20™ 1995 1.2¢
1993 2.70° 1996 1.42
1995 6.88"3cd 1997 1.60
i 70
1998 6.20" 1999 230
1999 6.4g0cd 2000 2.99
2001 1.90¢ 2002 2.58
2002 11.8% 2003 1.7%
2003 10.16° 2004 2.49
2004 4.3¢« 2005 287
2005 4.83::; 2006 2.34
2007 2.05 2008 168
2008 1.43 . :
i 9
Nirwana 1 4,93« Nirwana 1 17
Nirwana 2 4.3g Nirwana 2 2.4%

Note: Means with the different letters within columnsear Note: Means with the different letters within columnsear
significantly different at 5% between plots and wwiary forests ~ Significantly different at 5% between plots and csetary forests
according to ANOVA and followed by a Tukey's (HS@}t according to ANOVA and followed by a Tukey’'s (HSt}t
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The mean values of available P between plots are  Soil Fertility Index (SFI) and Soil Evaluation
shown in Table 8. The available P of Plot 1991 wad~actor (SEF) for rehabilitated forest and secondary
significantly higher (10.92 mg k3 than those of the forest are shown in Fig. 1. SFI showed higher value
other plots. than SEF. For SFI, Plot 1991 had the highest value

Table 9 shows the mean values for exchangeableompared to other plots. The lowest was in Plot6199
cations (Ca, Mg and K) between rehabilitated andHowever, for SEF the highest value was in Plot 2006
secondary forests. The highest mean for Ca wt& 0 and the lowest was in Plot 2002.
cmolkkg™ in Plot 2006. For Mg, the highest mean was
0.21 cmoalkg tin Plot 1991 followed by Plot 2006, 0.17 DISCUSSION
cmolkg™. For K, the highest mean was Ocmolkg™ _ _
in Plot 1991. However, the lowest mean for Ca was  Plot 2008 had higher bulk density compared than
0.07 cmolkg ™t in Plot Nirwana 1. For Mg, the lowest ot.her rehabilitated plots since th(_e area had fep@nts
mean was 0.08mokkg™in Plot 2001 while for K the with less roots. Root elongation increases soibgity.

1 The pore in the soils develops due to the penetraif
lowest mean value was 0.0510kkg i Plot 2005. roots, worms and other forms of soil life (Tan, 3D0

Table 9: Exchangeable cations of rehabilitatedsfoeifferent ages) The secondary forest had a low bulk density due to

and secondary forests (Nirwana 1 and 2) higher penetration of roots, accumulation of organi
Means matter and soil life. Bulk density is influenced the
. 2+ 1 + content of organic matter. According to Alexander
iggi/years of planting o(.éfgl X gf (cmotkg ) 5.143 (1989) the higher the organic matter content
1993 0.260 0.16° 0.1F° consequently decreased the value of the bulk deasit
1995 0.12 0.08 0.08"  the soils. This is consistent with Plot 2008 siitdead
igg? 8-8; 8-8§ 8-8?, the lowest content of organic matter (Table 4).
1998 0.08° 0.06 0.06" The acidity of the forest soil was due to the
1999 0.1%8 0.09° 0.09" presence of exchangeable*Ahnd H. Moreover, the
gggg 8'(1)2; 8-82; 8-8?’ acidity may be caused by water deficiency due to
2002 01¢P 0.06 0.1G" drought. When this occurs, root mat develops on the
2003 0.1 0.09° 0.09® surface layer resulting in high carbon content.ides
2004 0.2% 0.07 009"  soil surface also affect the acidity since Plot 1.8®d
3882 8:32 8:2‘; 8:2?, Plot 1993 had a lot of forest litter compared tloéimer
2007 0.28& 0.06 0.07 rehabilitated plots.
2008 0.2® 0.06 0.08"; Most plants grow better in soils with a slightlgich
mmgzg; 8:8; 8:8; 8:1%,, reaction. Nearly all plants are available in opfima

Note: Means with the different letters within columnsear amounts for plants grOWt_h in this p_H range. ACC@'
significantly different at 5% between plots and ceary forests t0 Tan (2005), some available nutrients are deficie

according to ANOVA and followed by a Tukeys’s (HS@e}t pH below 6.0. Hence, many other soil properties and
processes are affected by soil pH, such as clagnalin

I: SElpliEs formation and microbial activity. Sakurai al. (1995;

16 1998) stated that tree growth and root elongatienew
14 restricted by a combination of a heavy texture with
12 strong acidity. In addition, the soil acidity albas a

relationship with growing vegetation. A study

- conducted by Juo and Manu (1996), showed that

"W - o growing vegetation tended to decrease soil pH, with
low nutrient stocks.

Based on the soil profile (Table 10), the soil pH

v |
12

2288 R ‘ = ‘ SSSE= increased with increasing depth. The Al concerureti
- and organic matter influenced the soil acidity.
Plot According to Zaideyet al. (2010) the increase of pH

with increasing depth may be related to the costeht
: Soil fertility index and soil evaluationcdlar  Fe and Al oxides, while the content of organic ematt
between plots and secondary forests exhibit high and low pH values.
1205
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Table 10: Selected soil chemical properties (swififes) at rehabilitated and secondary forests

(cmokkg™)
Exchangeable cations
Plot/years Exch.NH* (mgkdy) (mgkdh) (%) (%) (cmolkg™)
of planting Depth (cm) Horizon pH (KCl) pH (@) C&" Mg?* K* A®*  CEC  (ppm) Exch.N@ Av.P,0s SOM TOC SFI
Phase 1 0-17 A 3.65 4.40 0.24 0.27 0.07 1.96 4 7 nd 4.20 7.2 4.18 14.26
1991 17-60 Btl 3.84 4.31 0.08 0.04 0.03 1.56 7.6 nd nd 0.19 4.4 2.55 7.42
60-106 Bt2 3.93 4.46 0.03 0.07 0.03 2.24 6.3 nd nd nd 1.6 0.93 3.93
106-150 Bt3 3.97 4.61 0.03 0.04 0.03 1.34 5 nd nd nd 7.8 4.52 11.14
Phase 2 0-20 A 3.78 4.55 0.07 0.16 0.05 1.50 4.4 7 nd 2.05 5.2 3.02 10.73
1995 20-40 B 3.81 4.45 0.02 0.12 0.06 1.26 9.7 7 nd 0.65 5.4 3.13 9.43
40-90 BC1 3.86 4.71 0.02 0.09 0.05 2.28 9.4 nd nd 0.12 5 2.90 7.7
90-150 BC2 3.87 4.53 0.01 0.10 0.05 1.50 8.4 7 nd 0.18 3.6 2.09 6.97
Phase 3 0-15 A 3.77 4.52 0.02 0.05 0.07 1.66 55 7 nd 1.23 6.4 3.71 10.6
2002 15-42 Btl 3.94 4.61 0.01 0.02 0.03 1.64 5.6 nd nd 0.07 4.6 2.67 7.69
42-69 Bt2 3.98 4.81 0.03 0.02 0.04 1.80 6 7 nd 201 5.2 3.02 8.38
69-100 C 3.98 4.92 0.01 0.02 0.03 1.78 4.3 7 nd 03 0. 4.1 2.45 5.67
Phase 4 0-16 A 3.81 4.24 0.16 0.07 0.06 1.46 5 nd d n 1.23 6 3.48 10.14
2008 16-46 Btl 4.05 4.94 0.07 0.02 0.04 1.96 4.6 nd nd 0.23 5.4 3.13 8.67
46-98 Bt2 3.99 4.77 0.05 0.03 0.06 1.86 3.6 7 nd .250 5.2 3.02 8.44
98-120 Bt3 3.97 4.67 0.03 0.02 0.04 1.52 6.1 nd nd nd 5.6 3.25 8.8
120-150 C 3.89 5.23 0.01 0.03 0.09 1.56 11.2 7 nd nd 7.6 4.41 11.4
Nirwanal 0-20 A 3.65 4.28 0.06 0.07 0.08 1.78 98 7 7 2.28 9.8 5.68 14.74
20-46 Btl 3.98 4.35 0.05 0.03 0.05 1.58 8.9 nd nd 0.42 6.6 3.83 9.87
46-94 Bt2 3.97 5.68 0.02 0.05 0.03 3.04 5.2 7 nd d n 5.2 3.02 7.92
94-110 Bt3 3.96 4.79 0.02 0.01 0.02 0.98 3.7 7 nd 0.09 7.8 4.52 11.75
Nirwana2  0-13 A 3.53 4.06 0.05 0.07 0.07 0.80 5.1 28.02 nd 1.12 11.6 6.73 16.12
13-26 Btl 3.77 4.41 0.02 0.02 0.04 0.78 29 7 nd .260 4.4 2.55 8.35
26-66 Bt2 391 4.56 0.02 0.08 0.03 0.80 4.2 nd nd nd 5.2 3.02 9.07
66-100 Bt3 3.98 4.56 0.01 0.03 0.02 0.67 2.3 nd nd nd 3.4 2.12 3.21

Note: Not determined, Exch; Exchangeable, Av. AvailaBiEf: Soil Evaluation Factor; SFI: Soil Fertilitydex

Soil organic matter was restored after 8 years ofAccording to Brown and Johnston (1982),
planting (Carlost al., 1991). Based on the results of this exchangeable aluminum is higher in soils with pH
study (Table 4), Plot 2002 (8 years after plantihgdl below 5.5. The exchangeable Al increased with
higher content of organic matter. The results (@ad)l  increasing depth, but in some sites, it decreasiid w
also showed that in early years of planting, theas a  increasing depth (Table 10). The concentration#lof
low accumulation of organic matter. However, with may be due to base saturation. Study conducted by
time, it increased. This was because there wasiblei Hattori et al. (2005) showed the similar results as they
decrease of SOM in early years and then the pool dlso conclude that the Al concentrations were inedbt
soil carbon recovers, reaching the value of typicarelated to exchangeable bases saturation and clay
mature forest (Nadporozhskaghal., 2006). On other content.
hand, depth of the soil also may alter the pergents In Table 4, Plot 2002 had higher content of organi
organic matter. The result of soil profile in Tall®  matter. This might have affected the CEC of thd. soi
showed that the content of organic matter declingd  Moreover, the secondary forest (Nirwana) had a
increasing depth. According to Ishizukial. (1998), different forest structure compared to the plarftedst
organic matter content in the surface horizon wigh h (rehabilitated forest). However, other researcleusd
due to development of root mats. that negative charge derived from the clay minerals

The TOC in Table 5 shows that the highest was iraffects the cation exchange capacity of clayeyssioil
Plot 2002. TOC in soils is affected by the harvesti the tropics (Ohtaet al., 1993; Sakuraiet al., 1998;
activities. After harvesting, organic matter of theil  Abduetal., 2008).
decreases because of no input of organic matter the The soil profile in the secondary and rehabildate
plant since it was harvested. Similar results obthias forests showed their CEC values decreased withhdept
reported by Nye and Greenland (1964); Kendavetiad (Table 10). However, Plot 1991 and Plot 1993 had
(2004) and listedtet al. (2004) soil organic matter higher CEC in the subsurface than surface soils Thi
declines rapidly after soil is exposed due to é¢epr may be due to soil erosion.
activities. The decrease of TOC with increasingtlep Ammonium and nitrate concentrations, decreased
also correlated with the clay content in each tooriz with increasing depth (Table 10), probably because
group and the decomposition rate of soil organittena population of organic decomposers in soil alsoteela
(Ohta and Effendi, 1992). N mineralization. According to Ohta and Effendi

Aluminum is not considered as a plant nutrient and1992), nitrogenous compounds in the subsoil areemo
not useful for the growth of plants or animals. Theresistant to microbial attacks than in the surfsmiés.
toxicity of exchangeable aluminum will disturbeceth The high content of available P in Plot 1991 may
growth of seedlings and particularly the plant gtow be due to application of rice straw as an organic
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fertilizer during planting. The concentrations ofif®?  to that reported by Luet al. (2002). This means
soils depends on a combination of factors includingvegetation growth contributes to rapid increasesait
plant uptake, adsorption-desorption and dissolutionfertility on the soil surface. However, other fastguch
precipitation of inorganic P, the mineralization of as climate, soil parent material and time can arfhe
organic P and microbial immobilization and ferg@iz  soil fertility.
addition (Perrotet al., 1990; Frossaret al., 2000).

However, the concentration of phosphorus in soil CONCLUSION
was influenced by some other factors. Abeual.
(2007) carried out a study and stated that thednigh It can be concluded that both rehabilitated and
clay content related to a low levels of nutrientssecondary forests have significant differences dhase
especially available P. However, the composition ofselected physical and chemical properties. On other
forest floor also plays an important role in hand, there were significant differences basedhen t
concentrations of P. Study conducted by Cheermal. age of the forest in rehabilitated forest. The
(2003) in unimproved grassland and 19 years olddsta rehabilitated forest was more fertile compared to
conclude that the recycling of P was mainly drivn  Nirwana forest based on the SEF values revealed tha
plant P demand and sustained by root litter inpmis  ‘Miyawaki’ forest rehabilitation technique is a &ble
leaf litter inputs in the forest ecosystems. Beside method in rehabilitating and replenishing soil iféyt
seasonal changes in environmental conditions sech atatus of abandoned degraded shifting cultivato |
rainfall, soil moisture and temperature also inealin
the P availability. Microbial biomass also plays an ACKNOWLEDGEMENT
important in P availability. According to Table libe
phosphorus availability in the soil decreased ipth.
A similar result has been reported by Higaal. (1997)
and Ishizukaet al. (1998). The concentration of organic
matter may play an important factor due to surfate
the soils have higher organic matter.

The exchangeable bases for Mg, Ca and K ar
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sampling and laboratory analysis. This study was
%nancially supported by the Ministry of Higher
decrease with increasing depth (Table 10). Th%gﬁgiﬁ; gramalagilﬁenfgﬂ O:?EJng(;j?)e:)l%z?(e)?(rg;

nutrients were higher in the surface soil compated ; ; ; ;
subsurface soil. The bulk of organic matter andthrough University Putra Malaysia, Malaysia (UPM).

nutrients is distributed in a shallow top layer the
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