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Absiract. Rehabilitation commenced in February 2010 in Giam Siak Kecl-Bukdl Batu
Biosphere Reserve which covers a fotal srea of 698,663 ha. This paper highfighle:d
research progress on rehabilitation of degraded logged over peat swamp forests, and
estimation amount of sequestered carbon after ten monthe vegetation rohahdiiation
waE dani. Line and gap planting methods were appled. The following lands of planting
were appiesd normal and hill planting mathoda. For monitoring blomass and carbon five
plots of 10x10m wers selected. Tree speches with DBH>3cm were idenfified: and
recorded. Ve used diametar increment of specios planted to estmata Increment of
biamass, carbon slomge and carbon sequestralion. The allometric squation was used:
¥=a2.13+2.53°In DBH. where Y is tolal above-graund biomass in KgMg ha and DBH
I% i e, The carbon content was calculated ty mulliplying the 0.5 canversion faclor 1o
he above ground blomass. The resulls Indicate thal some. species of Crafouyion
arflorescens, Palaquichn sumalianum, Palaquitnm burckd, and Tetramenats glabnr wera
promiaing species for rohabilitaling degraded pam swamp forest araas shown by high
surdival rales in the range of 733 o 100%. The greatesi growlh perfoomance are
Lratoxplon arborescens, then followed by Teramensfy glabra. Biomsss incroased from
2.84 Kg ha' to 25.9 Kg ha', and carbon storage Increased from 1.55 Ko © ha™ 1o 14.5
Kg © ha" with total carhon storage 125 Kg C ha™' in expermental sites. The forast
retuvery fhrowgh natural regeneration processes conffibuted in sequestraling carbon of
0.34 Mg C ha' during ten maonths monltoring. In the say direction, there was an
Increasing in blomass from 3.88 hg ha to 4,57 Mg ha™ and carbon storags of 1.99 Mg
€ ha' o 2.20 Mg G ha™. The tolal amount of carbon sequestration was 0.35 Mg C hat
in Bolh exparimental sites and forested anas, Rehab#fitation Mhrowgh planting trees and
ruslural regeneration processes are impodant n order to restore carbon storage of
romaming peat swamp forests in bicsphern resane.
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Introduction

Peal swamp lorest covers an estimated 225 Mha in Indonesia (RePPPaT
1330, Radjagukguk 1932, Sorensen 1993, Ristey ef al. 1996a, Risley pf af 199850,
Page ef al. 2011) and mainly disiibuted across Sumatra, Kalmaman and Inan Jaye
{Silvius 108G, Rseley at af. 199Ga), In Sumatra, 4,04 Mha af peatland in Risy Provinoe
categodzed as the Sumatran pest ewamp foresl eco-region recommanded o be
protecied areas (WWF 2008, MAB Indosesis, Janee ot al. 2003),

Peat swamp forests are both fragile and weique scosystems that are hoth peat-
forming wellands and tropical rainforesls, Water, pest and vegstaton are strongly
interconnactad auch that mmoving any one of these componants or disturbing the
balance. befiweon them may fundamentatly change the nabure of pesllodg EhoEy Elarm
(Wetlands Infermational 2007, GEC 2012),

in itz nalwral state, peal ewamp forests can serve a5 carbon slossos walbde
retontion, waler supply, cimate stabllization, maintenance bicdiversity and floading
conirol (Rieley, 2001, Risley & Page 2005). Tropical peat swamp (orest siores large
amounis of carbon In plant blomass, with typleal values ranging 100-250 Mg © ha!
(Paga ef al. 2011} Meanwhile, peatiand of 2772 Mg C ha’ is kased on an avermge
peat thickness of 5.50 m (Page af &l 2011} Gunawan of al, (2011) revealsd hai
above-grownsd and below-grownd carbon in forested ereas was esfimated 1o ba in the
range af 20.75 1o D426 Mg © ha'' and 4490 10 5775 Mg C ha' respectively. The
above-grownd &nd befow-ground carbon in developed peatiand areas was esimatad to
be n the range of 42,57 o 68 Mg C ke and 2772 to 6552 Mg © ha'.

I 2008, e wers 121,000 km™ of deforpstad paatland in Southeast Asia,
around 45% of the totsl peatland area (Hooljer et af, 2006}, Large oreas of deforesiad
peatiands have boen converted 1o o palm and fimber plantations byt there are ales
emlansive degraded peatfands mainly kecated in the Indonesian provinces of Central,
East and South Kalimantan and the: provinces of Riau and Jamid in Sumalra whars, aa
8 result of deforestation. drainage and repested firs, vital peatland ecosyvstem servicen
have been Impaired (Hooder of al. 2008, Page of at. 2008).

Degraded forestiand requlres rehabilitsbon of wide ranoe of characlenstios and
funcllons. It ks necessary to improve biological and habital diversity at the landscape
scale, mcrease commescial values for imber and pulp production, increase types and
amaunt of non timber products, mprove forest funclions, such a5 water storane, walar
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balarce, sequestration of carbon, fire protection, and elmate mitlgation {Kobayashi
#0711, Wobayashi 2010, Kobayashl 2004}

There are enormous challesges for the restaration of Iropical  peatland
landscapes. Some progrese has been made towards understanding the restoration of
tropical forests on mneral (l.e. non-peatland) sois, bul at present very little is known
about the restoration of large areas of degraded tropical peatiand, Restoration acthvities
are sl ol an eary atege and, o date, have been limited o a few forest rahahllitaton
trinls wilh fEmitad attention paid to the restorstion of key peatiand ecosystem funclions,
for example, hydrology and sarbon sequestration (Giesen 2004, Page of al. 2008}

In -case of biosphars reserve, we concluded tha! rekasbiltation should be
important o be dome the follewing are; large degraded peatiand and forasi areas dos
to high fire: intensity, dreinage and [Begal leging acthvties, forest encmachment and
convers:an, problem on naiural regerssration processes, need [0 promode cosystem
sarvices of earbon storage and sustaineble rural livelihoods, This paper highlighted
progress an retabilitation of degraded looped over pest swemp forests, and estimation
armouni of sequeslened carbon after len months vegetetion rehabililation was done
gither in expafimantal sttes or forested areas

Site and Method

The area of siudy I3 kbeated af Riau Provincs in he coastal east of Sumdslra
Island. Riai covers an ssea of about 8-2 Mha. Having ihe largest pesiiand area in
Surnatera. Riau province plays wery significant role to the ocal ervironmant a5 well a5
global envirnment. The strateglo pesition of Riau provines to olber ASEAN coundries
i5 also become the most emvionmental regionsl conmcermed, especially for (he
transboundary haze pedlulian problem and illegal bagling.

The remalning peat swamp forest is distributed on fve large forsat blocks in
Rizu. One of them |= Gism Slak Kad Bukil Batu which was doclared a5 a Biosphere
Resarva, having inial ares of 698,683 ha in 2000. This Biosphore Resane represents
Iropical peat swamp fores! ussd o consanve the paat swamp lorest scosysiem, lakes
and odher wateraysiem (Jardle efal, 2003, MAB Indoresis 2008}

Poor managemsent and land conversion resulted Ina loss of almost 300,000 ha
of natural peal swamp forest bolwesn 1988 and 2002, Forest and nd fires occumed
anmually, sspeclally In the dry Beason, and the remaining pest swamp fores! was
subject to ilegal lagging activilies and natural distwrbances. In core and buffer areas,
villagers converted the remsining nalural peat swamp forest o [ungle rubsber gardens
and ol palm plantations. Recently, the degradation of peal swamp forests of the
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biosphere reserve continues. Timber estates and oil palm plantation could be seen in
the landcape seriously threatening the remaining peat swamp forest ecosystem (Jarvie
et al. 2003, WWF 2008, MAB Indonesia 2008).

To implement rehabilitation we selected two types of degraded peat swamp
forest: first; degraded of logged-over peat swamp forest located at a river basin of Bukit
Batu River, in a core area of Riau Biosphere Reserve, and second, severely degraded
areas in Tanjung Leban Village in transition zone of Riau Biosphere Reserve. The
exact geographical location of logged over forest is 01°23'24 4"N, 101°51'59.1"E and
degraded areas is 01°38'9.81"N, 101°46'13.8"E. Far this chapter will be focus on the
progress of rehabilitation study carried out in logged over forest in Bukit Batu forest
block of Riau Biosphere Reserve (Figure 1).

Turjung Laban

Tash Betung

X, e BUFFER ZONE

JAVA ISLAND

| N,

TRANGITION AREA
) Rehabilitation Experimental Sites
I vilage

a5 o
3 zonation ——

Fig 1. Study area and rehabilitation experimental sites.

. Enrichment planting methods were developed on areas where seeds or
seedlings of target tree species was lacking. Line and gap planting method is
commonly used in logged over forest.

Treatments for line planting:

a. Lines will be set on the west-east direction with width determined in relation to the
height of substorey (e.g. 5, and 10 m); (Figure 2).

b. Distance between lines will be 5-10 m: and
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. Tre=species in (ha area has been ssisctad for transplanting,

d To get the seedifg we use some of lechniques as following: cutlings melhods,
wildings, and seed gesmination;

a. Totaly experimental ara is seven line planting covered 3500 mag,

f. Totally two lypical camopy troe spedes of peat swamp forest plamted (eq
Callophylurm kowdi and Paaquium sumatranam),

S THE L R

e b S Py

| ¥
W il

Lina Planting Method

rormal Planting HIN Flanting

Fig 2, Rehabilfation melhods.

Treatmernta to be taken for gap planting:

1. Gap size will be 10 m x 10 m,

2. Totally 25 economics gap pranling of Dpams lowll has been tred,

3 Totally sin mixed gap planting of mixing tree species has bean tried {eg. Dyers
foudl, Palaginam sumalranum, Palaquitm burekl, Calophptfom fowd, Cratoxen
arboresesens, and Tetramerizira glabes)

4. Tree species suilabls for the sie condition will be selscted, Wildings has been be

applied {Flaure 2)
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The following lands of planting methods were applisd & these location are
rearmal and hill planting methods (Figure 2). Mormal planting method; & hale In the peat
= dug and seedings are planled in this hole.  Hill pianting method: the paat is
accumeiated as a Hill and the asedlings are planted on this hill

All of planted seedlings are monilored to detarmine the Surdival rata, Reight and

thverdr growih.,
The Survival rate are detarmined by formula:
umber of ali ige ® 100

Total number of species

Faor statictical analyss carried out by windows 7 of microsel excall 2007 and SPs5
15 programs,

Increment of biomass and carbon storage

For biomass and carbon plot moniforing, five plots of 10x10m in Bukil Batg
forest bock were selected. Tres spacies wilh DBEH=3cm were |derdified for blomass
and carbon eltorage estimation. We alss used the increment of diamater af tron species
1o estimate the change in biomass, carbon storage and carbon saquastration,

Todal aboveground biomass i each plot was alza estimated using an afomalric
equation developed by Brown {1997} The Allomelrk: equation was developed for
tropical forests using data collected by several authors from different tropical countries
and at different times. The allometric equation is:

Y=exp{-2,134+2 53*n(D))

--Eq)
Whum ¥ is h:-tal ahm*agrmmd bmms in kg"l:ma and D=diamater al breast height
(BEH incm).

The above ground carbon storage was calculated by assuming that the carbaon
storage is 0.5 of the totai above ground biomass (Brown & Lugo, 1982 Brown at &),
1989, Houghton ef a/. 1967),

Cuantfication of carbon sequestraton during a period of Bme. The most
common is based on the amount of carbon fixed In biomass at a cenain point in firrid,
usualy the end of a rotation perod. This will be called "carbon fixed” and i can be
examplified as the amount of carbon stored in planted frees 2t a certain time t alier
planting (Figure 3},

Repository University Of Riau

PERPUSTRKAAN UNIVERSITAS RIAU

http://repository.unri.ac.id/



@

"ok el Loeat commundy Er AFLE pd s -Somesiicn on of aon-Sabenr leesl prodocts”
03kl Eradmorateey R oreh Furd: E-TIETR, b riry of Sorsrmmesnt, Sqan e Y eis- Pyl e O

— ——

Fig 3. Carbon stored (v} by pianted treas at tims § afler planting

O a yearly basks, the procedure for quaniifying sequestiralion i 16 measuns the
frees every yvear, caloulais their growth increrment and calculale the amoun| of carbon
fiwed during that period [C1, GF and 3, respectively) (Figumn 4) (Costa 1996). Many
eslimates for carbon seguestration found in the esisting scientific literabere ose this
concap! {Pulz and Pinard 19093, Freadman ef al 1982, van Koolen e &l 1902}

Lot

¥
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Tira

Fig.4. Quantification of yearty amounts of carson fiked (C§,52,03)
by planted trees.

Results and Discussions

The wvegetaton rehabllitation was applsd In logged owver forest sreas. The
survival rates of the ssedlings for both hill planting and nonmal plantieg method are
presented In figure 5 and figure 6, In genaral, sundved rate of seedlings decraase after

|
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ten monih planted, The survival rate within five month range 57.14% 1o 100%. and fen
month afier planted range 51.4 to 100%., The highest survival rate of trea species was
Pitapiuiurn burekii and Cratoxydon arbareseens with about 100% survihval in hill planting,
then followed by Telramedsta glabice range 84.6% o 96.2%. The lowest of saurvival was
Chyara fowli of 64.66% 1o 71.78%.

1Y
aqy S
.-.ED-
-:—: E y W Five Moath HIll
_EED- Planting
-E a0 B Ten Month Hill
ﬂﬂﬂ- Marting
20 -
10 4
o - T
= E e = =
g 53 88 B, 5. 53
B2 TR
[
§ §t 5 [8 2 g4
by ‘JE I'E 3

Fin 4. Survival rate (%) of tree species with bl panting mathod
In normal planting the highast survival rate are Crafoxyion arborescens of 1005,
ihen Palsguicm sumatramsy fange 77.2% to 90.91%. The lowest survival rate are
Catophilum fowi of 52 38% to 57, 14%%.
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Fig 6. Survival rata (%) of ree gpacies with nomal planting rmethod,

Ganeally hill planting method s better method than normal planting ahosmn by
migh survival rate of plamted trees. & number of factors have been idenlified &5 causes
of mortality of tress. In the early eslablishmant, some of seadling died due o wetter of
peatland, The seading for the first slage can be adaptva in wet situation. The othar
facloss fhe seadiings 15 sfill small o ransplanisd on the feld, such as seedings o
Cataphyium jowd, The insect also causes saading af Dpers fowl was died

Thea aversge height and dlameter increment from Oclober 2090 EHI Appll 2011
are shown in Table 1. The highast growith parformance is Cratoxylon anboresosns with
mean of heighl increment by normal planting 44.7+ 288, hill plantng 34 .44+ 14.0, and
diametsr incrament by normal planting 0.8 + 016, hill planiing 0.7 + 029 (Fagure 7).
Followed by Tetramerisfs glabra with mean of height incremeant by normal plamting
1314 .84, hill planting 15.1+ 4.68, and dismetsr incremant by normal planting 0.6 +
0.2, hill planting 0.7 + 0.2 {Figure &),
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Table 1. Height and diameter increment (cm) of trees species of peat swamp forest, 5
months after planting.

Specizs MNomef | Ezisht Incrsment o) | Diameter Incoement o)
Trass Normal Hll Nermal Eill

Dvera lowii 9040 £4+972 G.a+0.2 0.3+02
Tetramerisia glabra 32 15.1=720 0.6+02 0.1=02
Palaguium burchi 32 i0.8+137 0.3+02 JA+02
Palaguium sumdiranm 118 116+1533 £4+02 B3+101
Craroxyvion arborescens 12 44.7+288 (.3+0.16 | 0.3+03
Cellopln fum fonwii 73 30+373 0.06-005 |0.09-0.08

The growth performance after ten month rehabilitation was presented in Table 2.
There were increasing diameter increment and height increment in both hill and normal
planting method shown by positive correlation analysis (r). Hill planting was better
method compare to normal planting. However species of Tetramerista glabra and
Palaquium buckii show results reversely. Nevertheless tree species of Cratoxylon
arborescens, Callophylum lowi, Dyera fowii and Palaquium sumatranum show well
height increment in normal planting method. This results was similar shown by
increasing of diameter increment in hill planting compare to normal planting method.

Table 2. Growth performance of tress species after ten month planted.

2 pecizs Haight Incramant {entt Diametzr Incrament {omy
Noomal | Hill Corzlabion (| Nornal | Eail Correlation &)
Plagting | Planting | and |- gairsd b=t | Slank g | Flantinz | and T-Dair=d pest
{o 0435 {o §.053

Tepramsrizia gabra 2e3-2TE 391187 =03 p=1.001 0L-0.2 | B Tl =02, =01

C. o bovercars 122920 M33350 | =0.7 =04 =01 12323 | =035 =009

Cailapdpdun lavi i 186808 [ 35287 =0.1; p=02 O.1ZLEs e | =03 p=02

Dvera lowii 225-193 [35.320F | =02 p=035 GE=DA | w53 | =0 =05

E swnstravuom 148115 192158 [ =02 =014 L3011 03-0T =04; =008

Falaguium buctii 1837144 |I950149 [o=0.L =07 03l | 80T [=0.2 p=003

The highest diameter increment are Cratoxylon arborescens of 1.2 cm +0.2 in
hill planting method, and 1.0 cm +0.1 in normal planting method (Figure 7), followed by
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Ire species of Tedrarnensts glabirg af 1.0 em20.2 in hill: planting, and 0.8 cree0 2 in
nmormal planting melhod (Figure 8] The lowest diameter increment both hill and motmal
plantng melhod was Pafageiln siemairanmenr, Meanmwhila the highest helght Incrament
of trea spacies Craloxplon arbomescens and Totramonsts glabre In both of exgperimant
method was hill and planling method, Paleguitom. seematramam and Peiagowim biveki
was the lowest of height noremeant in kil and normal planting methed  respectiveby
From T-paired test show thal growih performance of Teframerista glabra, Oyera awd,
and Pafaguivm swvmalranue were significant different (p=0.05). Meanwhile P.B‘.':Eauﬁ'_r.lﬁ
burckii, Calaphylium lawi and Crafoxplon arbonescen show mol significant differens
{p=0.05).

Totl amounlt of above biomass and carbon conlent were Increasing durng the
ien manths rehabiiiation (Figue B). Biomass ncreazed from 2,04 kg ke 1o 28.0 Ky
he', and carbon storage Increased from 1.55 kg © ha' to 145 kg © ha' &
aaparimentad gites, Carbon sequestersd by wegetalion rehabifilafion increased from

377 Kg G ha' in 12.06 Kg C ha”

Gemngga ng: Cratoxylon arborescens ‘g

Fig.7. Growih Pardformance of Craipxpson srboragosns
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Fig.8. Growth Peflormance of Tetramensy glabra

Thesa Incréases in biomass, carbon Blorage and cirbon sequesiratian in
forested areas by nalural regensration ocasses ate shown in figure 10, The foress
recovary throuph nalural regeneration processes condribastad n sequesirating carbon of
034 Mg € ha' within ten months of rmonitonng. In the say deecllon, there was an
Increasing i biomass from 3.88 Mg ha™ 1o 4.57 Mg ha'' and earbon storage of 1.84 My
Cha'to 2.26 Mg ha”,

e 1Y —

I|'||—

- Pyt e Tn

Ommth  henmis msmonts

Time Meaitoring Time Mot ing
Fig . Refablliiation sxperimental sltes Fig 10. Farested areas

In this resasrch, the effect of vegetalion rehabilitation an the total socmulation
of carbon Slorage was counlsd. Our rasulls showad thad iofal amount ol carbon
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sequasiralion was 0.35 © Mg ha'! in both experimental sites and forested areas whiah
indicates that the combinatlion of forest recovery by wvegeiation rehabilitsbon and
natural reganeration processes have greal poiendial o enfance casbon slorage among
forest retabilitation efforts. These mesults, however, still need o be micnilesed and
confirmed after several years of forest rehabilllalion was done.

Survivad rate of peat swamp fofest speces during fve and tan manth manitoring
vares between species. We classified two categores of sunvival rate are high with
range 84.6% to 100% and moderate with range 51.08% 1o 71.78%. High survivad rate
Bre Craloxyion arborescens, Palsquinm Sk, Toeframerista qiobra, and Palaguirm
smairanumn in both hill and normal planting method. Moderate survival rate are Biyeda
fowdl and Caliogytir fowdl, Generally ouwr result show lightly higher compare than
survival rate to glher rehabilitation working.

In Jambd paat swamp forest, mehabilitalion was carfed oul uze species of Dyera
fowll, Combrelomupus ohundus, Palaquivmn sp, Shorea paucifora, Tetramerista glabra,
Malanaries walfchi, and Alsfona penawmoiophors. Tha avarage aunrdal raie rangs
40% o T0% (Arnal and Suryadipotra, 2004) Moracver Muus {1296}  revealed
anrichment v planting of secondany shrub carmed aut using Bpers lowd, Gonystlus
bancanus and Sedospermurm diademum with surival retes have bean high on fhe
whole maors than 20%. In Kallmantan rehabiltation tHaks ndicste thal Sharaa
balamperan and Palagqwwn afe bast suited for replanting. B they heve considerably
higher survival rates (65-100%) comparad o the alhwer species (6-55%) (Takahashl &
Bl 2001). Survivel rate ranged from 65-85% ane yoar after planting in Kalimantan,
Oyera lowli, Shorea befamgersan and Alsionia preumalophors appesned o have the
best perlarmance in terms of survival and growth (Wibisone af a0 20113,

Saveral resioration tiafa have been undartaken of pes) swamp foresl spacins of
Gomyefyius bencanug in Peninsular Malaysia [lsmail & af, 2007), Trials In seoonidary
peat swamp foresis  in Selengor showed that line planting with 8 malntenanes of
planting: Enes once every three months gave better ressbs in barmes surival wias A%
nine months after planting and similar restoration trials In Pahang had 72% survival
three monlhs afber planting. Restosalion ira! in recenily Jogged forest in Pekan showad
a large degres of vanation in survival percentages ranging from 81 o B2%. Causes of
reoriality included trea fall and drought {Lian Chos, 2008), Survival rate and grewth of
planted seedings in a degreded forest usually differ amang species avan n the same
taxanmmic group (Suzuki-& Jacalne 1586, Kenzo of af. H007),

RehabiMaied area are noted 1o be important sfles of carbon siocks and
therefore, ncrease envirmnmental values. Gunavwsn of @l (2011) revealad hal smount

aT

Repository University Of Riau

PERPUSTRKAAN UNIVERSITAS RIAU

http://repository.unri.ac.id/



@

¥ fiwoof Loes tor FEDD) i el wenri of e brewnd o ate®
[Mobel Erveronma pl Flesmsch Funs F1002 v ol En L Y e SLF Y0 2) i 200

'

Enviranment Research Fund (E-1002) of he Ministry of Environmom, Japan, for
firancial supped, the Mitsui & Co. Envimnmest Fund 7-078 for providing the field
eguipment, the BAKSDA Forastry Depertment m Risu for pesmission o conduct the
shudy. the Biology Department, particotarly the Laboratory of Ecology, at Riau University,
for providing field equipmenl, the Sinar Mses Forsstry Group for supporting us in e
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callact the dala.
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