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PE\DT G..L,TN LAJU RESPIRASI DAN TURN()VERAKAR
KELAPA SAWIT TIPE TENERA ASAL SEMAIAN

Indra Eko Setiyo, Amir Pwba dan E. Lamader

ABSTRAK

Kelangkaan 
.da.ta fisiologi karbon teratama laju respirasi citttt turnover a1ar kelapa

sawit bisa menjadi kendala bagi pengembangan model iimttlasi lertuntbuhan dan hasil
secara luas. Salah satu metode penentuan b
menganalisis aliran karbondioksida (CO.)
tanah. Dengan memadukan telmik
diperkirakan laju respirasi akar. Ke
pmlah alokasi karbon untuk turnover akar.
kelompok dua faktor; bahan tanaman (2
tanannn yang digunakan berumur 9 tahun s
bahwa peubah respirasi tanah dan respirasi
letak pengukuran. Pada tanggal pengamatan
tryata antara suhtt tanah dan respirasi tan
tanaman DxP La lule lebih tinggi daripada B
permukaan tanah diduga antara 4g,I - 50,
respirasi dan Iurnover akar berturat-turat 0,6

Kata kunci : Elaeis guineensis, respirasi akar, furnover, respirasi tanah

PENDAHULUAN

Pengembangan model simulasi per-
tumbuhan dan hasil kelapa sawit (3,7, d,an
11) akan dibatasi oleh kurang tersedianya
data fisiologi karbon terutama laju respirasi
dan turnover akar. Sejauh ini, produksi
karbon akar kelapa sawit diasumsikan se-
bagai proporsi dari produksi bahan kering
total. Misalnya, di Malaysia dan papua
New Guinea ditetapkan sekitar I0% (l).
Angka tersebut jauh berbeda dengan
laporan studi di Ivory Coast - Afrika yaitu
sebesar 50% (2) Kedua data tersebut
mengimplikasikan bahwa pertumbuhan
aliar sangat dipengaruhi oleh keragarnan
zona agroklimat. Sementara itu, penentuan
besarnva respirasi akar untuk keperlua'n
modeling pertama kali dilakukan dengan

'CIR{D.CP. Perancis

menggunakan kocfisien )'ang dibuat ber_
dasarkan kandungan hara jaringan ( l, 3).

Perkembangan teknologi analiser gas
ffia merah (IRGA) dan kemampuan
memodifikasi suatu chamber akhir-ikhir
ini memungkrnkan untuk mendeteksi dan
menganalisis aliran CO, dari tanah atau
respirasi tanah. Lamade et al. (10) berhasil
mengembangkan suatu pendekatan yang
memadukan teknrk pengukuran lapangan
dan laboratoriunr untuk memilah dua
sumber COz utama dari tanah. Dengan
menerapkan model neraca ekosistem
karbon yang diajukan oleh Raich dan
Nadelhoffer (18) dapat ditentukan besarnya
alokasi karbon untrk respirasi dan turnover
akar. Pendekatan tersebut relatif lebih baik
dari segi memper()leh data yang seketrka
daripada teknik perangkap COz tanah
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dengan sponges ]'ang dilumuri larutan
KOH seperti y-ang dilakulian oleh Henson
(5) Lebih lauh drnvatalian bahu.a teknik
perangkap KOH cenderung memberikan
nilai dugaan aliran CO2 yang lebih tinggi
daripada tekruk IRGA (15)

Respirasi tanah menjelaskan tentang
CO: total yang dihasilkan olol seltruh
fungsi metabolik tanah. Respirasi tanah

meliputi beberapa proses biologis yaitu
aktivitas respirasi akar (autotrof) dan

respirasi mikroorganisme tanah (heterotrof)
tenrtama yang terlibat mineralisasi bahan
organik. Oleh karena ihr respirasi tanah
biasanva digunakan sebagai indeks akti-
vitas biologis (kesuburan) tanah yang
sekaligus memberikan infonnasi 1,'ang tepat
mengenai dinamika sistem aliar.

Tujuan dari penulisan rni adalah untuli
memaparkan hasil analisis percobaan res-
pirasi tanah pada areal tanaman kelapa
san'it tipe tenera {DxP) asal semaian dan
dua orijin yarg berbeda dan dikombinasi
dengan empat letak pengukuran )'ang
berbeda (r'ariasi spasial). Selanjutny'a,

besarny'a perkiraan respirasi dan lurnover
akar tahunan serta faktor-faktor yang
mungkin membedakan angka peubah juga

diuraikan dalam tulisan ini.

BAHAN DAN METODE

Tempat dan bahan tanaman

Penelitian dilakukan di kebun Mari-
hat- PT. Perkebunan Nusantara IV,
Sumatera Utara di petak percobaan pe-

muliaan dan genetika. Bahan tanaman yang
digunakan dua famili DxP asal sernaian

orijin La Me (DA 18 D self x LM 7 T selfl
dan Bah Jambi (BJ 13 D self x BJ 2l P)

umur 9 tahun sesudah tanam. Kerapatan
tanam sekitar 130 pohon ha-r. Iklim kebun
dicirikan berdasarkan pengamatan di sta-

siun SPMK Nlanlrat (02'55' LU, 99"05'
BT. 369 m dpl. t Dalam periode peng-

amatan dua dekacle terakhir ditunjukkan
bahwa curah hujan sangat basah (rata-rata
di atas 2.750 mm per tahun). Berdasarkan
perhitungan keseirnbangan at bulanan
(I7), pada areal tersebut tidak terjadi defrsit
ar dan ditemukan kelebihan air (drainase)

tahunan sekitar I 400 mm. Komponen
iklim lainnya diuraikan secara rinci oleh
Lamade et al. (9 t: Lamade dan Setiyo
(11)

Jenis tanah adalah Typic Dy,stropept
(podsolik coklat kekuningan), dengan
lapisan atas (0-4(l ;rn) bertekstur lenrpung

berpasir. strukhlr remah dan konsistensi
sangat gembur. sedang lapisan bar,vah

bertekstur lempuug liat berpasir- gumpal
dan gembur dengrn drainase )'ang baik.
Eksponen hidrogen (pH H1O) antara 5.31

dan 5.51 (dari ked.rlanran 0-80 cm). Kan-
dungan nitrogen dln bahan organik sangat

tinggi dengan nisb.rh C N berselang 9.5-t-
I0-71. Kapasitas tukar kation termasuk
sedang (7,7 - l0-9t(11.20)

Teknih pengukurln

Aliran CO. dari tanah diukur secara

langsung in ,siltr di lapang (8) Teknik
pengukurannya mcnggturakan sistem serni

terfutup dengan analiser gas infra merah
(Analytical Develrtpment Co.. Hoddesdon.
Herts, UK) dan nrarlg silinder yang dimo-
difikasi. Selama pengukuran berlangsung-
udara yang dipornpakan oleh analiser tidak
dimasuklian kembali dalam sirkuit. Chatn-
ber silinder dibuat dari metal berdiameter
40 crn dan tinggi i0 cm. Chamber dapat

dipindahlian dan dirnarnpatkar-r pada pen-

dukung 15 cm dan ditekan ke dalam tanah

sehingga kedap udara. Silinder dihubung-
kan ke analiser portabel melalui pipa karet
butil diameter 3 rmn dengan spesihliasr
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r an-s tepat. Di dalam silinder disusun dua
Ltpas r\[icronel. 80 rrm. 12 V) untuk
menlamin homogenisasi udara secara
:t-ektif. dan satu termistor (Sagimeca. l0K3
-\l l- ) ang dihubungkan ke multimeter
,Flulie 70 II). unhrk mengukur suhu udara
ruang. Dua termometer standar dimasuk-
kan ke dalam tEnah di bawah chamber
unnrli mengukur suhu tanah. Sebelum
analisis. contoh udara dikeringkan meng-
gunakan pengering magnesium perklorat
guna melindungi batas kekeringan analiser
dari interferensi Lrap air dengan COz
selama pengukwan (13) Contoh pertama
diambil saat penepataq silinder terhadap
pendukungnya dan diperlakukan sebagai
referensi. Dua contoh berikutnya diten-
nrlian setiap lirna nenit secara berunrtan.

Pengukuran COz di laboratorium
dimaksudkan unturk menduga bagian respi-
rasi aliar dalam aliran total yang diukur.
Prosedw kerjanya diuraikan dalam Lamade
(8). yaitu contoh tanah diambil dari dasar
tempat peletakan c'hatnber. Sesudah mern-
buang akar dengan ekstraksi kering, contoh
tanah diinkubasi dengan kadar arc )'ang
meningkat hingga ke kapasitas lapang.
Perubahan COz diukur dari dua contoh
udara )'ang masing-rnasing diarrbil setiap
setengah jam berurutan per ulangan.
Respirasi bagian akar kemudian diperkira-
kan dari perbedaan antara pengukuran yang
dilaliukan in situ dan yang diambil di
laboratorium pada tanah bebas akar.

Satuan percobaan merupakan kombi-
nasi antara orijin bahan tanaman dan letak
penguliuran. Lokasi pengukuran tersebut :

tr t di dekat dasar batang (O, (ii) di jalan
pan.n (HP). (iii) di bawah tumpukan
pel:pah t I:P) dan (iu) di baris tengah
i3s31:3n mati (1R). Secara umun diketa-
i''' bllrra keemp.,t lokasi tersebut meng-
--;-1.:-rrlan perbedaan kepadatan akar
i-. 'rr.an organrl tanah. Dari letak peng-

amatan tersebut drrnungkinkan rurfuk men-
dapatkan variasi nrang. Pada tiap tempat
pengukuran diamhil sekurang-kurangnl,a
lima kali penyesuaran mengikuti jam peng-
amatan per individu pohon. Dalam perhi-
tungan respirasi di.gunakan persamaan kon-
vensional unfirli pengukuran sirkuit ter-
tuhrp (13) Data dianalisis secara statistik
mengikuti rancangan acak kelompok
faktorial (16, 19)

Pendugaan juml:rh liarbon yang dialo-
'kasikan he akar

Pendugaan jurnlah karbon mengikuti
prinsip perhitungar' )'ang diuraikan oleh
Raich dan Nadelhoffer (18) Dengan
asnmsi jumlah karbon total yang dikem-
balikan ke tanah oleh residu tanaman, baik
dari bagian atas tanah (Pa) dan bagian
bawah tanah (Ph) akan sarna dengan
jnmlah karbon tanah yang dimineralisasi
oleh respirasi hetcrotrof. Kemudian. bila
Rs menerangkan alrran COztotal dari tanah
dan Rr respirasi ak,rr, maka .

Rs: Pa*Pb+Rr (l)

Dalam hal ini Pb Rr rnenlelaskan alokasi
seluruh karbon kepada sistem akar. Dalam
penerapan metodc pendugaan tersebut
disusun beberapa ,rsrunsi sebagai berikut .

(i) masukan karbon ke dalam tanah hanya
berasal dari baharr buangan pelepah daun
dan akar, (ii) hanya anak daun yang
dianggap berkontribusi terhadap bahan
organik tanah, sedang bagian pelepah
lainnya terdekornposisi di permukaan, (iii)
pengaruh interaksi antara aktifitas mikroba
dan pasokan kar bon. rnisalnya dengan
bahan buangan. terhadap dekomposisi
bahan organik tanrrh (priming effect) tidak
dipertimbangkar-r. Untuk asumsi metode
lainnya, disajikan dalam Lamade et al.
(10)
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HASIL DAN PEMBAHASAN

Respirasi tanah total in situ

Karena secara umum drlietahui bahu'a
laju respirasi dipengaruhi oleh perubahan
suhu ( I0). rnaka semua data respirasi diko-
reksi terhadap suhu. lnteraksi antara bahan
tanaman x letak penguliuran selama perco-
baan tidak berpengaruh nyata terhadap
respuasi tanah. Rerata laju respirasi tanah
hasil sidik peragam disajikan pada Tabel l.
Kisaran besarnl'a respirasi sebanding deng-
an hasil laporan sebelumnya (6- l0)
Analisis statistik menunjukkan bahr,va ha-
n)'a letak pengukuran yang berpengaruh
sangat nyata (p : 0.001) terhadap respirasi
tanah. Laju respirasi tanah dari yang'tinggi

Tabel l. Rerata respirasi tanah total (Rs), respirasi tanah tanpa akar (Rm), respirasi akar
Rr) dan suhu tanah (Ts

ke yang rendah bertunrt-turut ditemukan di
bawah tumpukan pelepah (FP), dekat dasar
batang (T)- gar,vangan rnati (IR) dan jalan
panen (IP). Kecenderungan laju respirasi
tanah )'ang lebih tinggi di tumpukan
pelepah daun bisa disebabkan tingginva
aliumulasi bahan organik yang membuat
kondisi turnbuh lebrh sesuai dan kerapatan
aliar lebih tinggi Hasil tersebut konsisten
dengan laporan' sebelumnva (6, l0).
Sementara itu. laju terendah I'ang ditemu-
kan di jalan panen berbeda dengan yang
dinyatakan Henson (5) 1-ang rnenunjukkan
nilai terendah terdapat di ga\I'angan mati.
Perbedaan tersebul mungkin disebabkan
oleh perbedaan cara pengambilan contoh
dan tingkat kepadatan tanah di areal kebun.

I
2

J

4
)

Orijin
Bah Jambi

La Me
l,okasi

T
IP
FP

IR

2.92
3,74
?57
3,78
3,76

3.53
3.5 8

-1.08 ab

4-67 a
3.44 b

0-82
0,88
0,90
0.85
0,96

1,0 I
0-76

0.8-l
0.81
0_8s

1.00

2.30

2,81
2,61
2,78
2,86

27.16 '.
28,86 a

29.06 a

27,91b
27.80 b

27,73 b
28.60 a

28.04
28.03
:8.:_1
28._1{

*) -\ngka dikoreksi terhadap suhu: angka pada kolom sarna \.3ng dirtutr hunrt -.erhede diun |aniut dengan
B\T rarat ,r=0-05

Respirasi tanah tanpa akar (respirasi
mikrobia)

Hrsrl srdik peragam interaksi antara
rqm bah.m tunaman x lokasi pen-eu\rrrm
d.dT rEwasl trrah tanpa akar dl
Itrrrin jqa menunj'kkan perbedaa
14 h.br- Dlra S€lagq-a hasil srdik

fqn trd.h rrsebur- den_san kor-anat

suhu- luga menun_lukkan perbedaan l-ang
udak n1-ata untuli semtul fal-tor perlaliuan
tungeal \\-alarryun demikian- respirasi
taah tapa-atar trespuasi milcobia) pada
D.\P onjm Bah .lambi cenderung lebih
unggr daripada La \le- dengan proporsi
baha rannnnn Bah Jarnbi terhadap La Me
selnar l-i-3. Bila diperhatikan bahwa

Rmx)
mol COz.m-2.s-l

Ts
OC
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Pendugaan laju respirasi dan turnover akar kelapa sawit vanetas telera asal semaian

proporsi biomassa tegakan akar Dxp Bah
Jambi terhadap La Me sebesar 0,69 (l l),
maka dapat dinyatakan bahr,va biornassa
tegakan akar berkorelasi negatif dengan
respirasi mikrobia. Rerata respirasi tanah

Perkiraan respirasi akar

Resprasr aliar drperkrralian dan
s:hsrh antara r3sprre_ir tanah total .r i;i:r dl

menuru lflat pengu|uran- sedang menurut
on-lrn bahan raniman dan interalisin.a
nda}t bErL.da n\ ata Rerata nilai terkoreisi
drsa-rrkan pada Tabel I perubahan laju
rspulsl aliar menurut letak pengukwan
selalan dengan lalu respirasi tanah. Res_
prr:rsr aliar DrP La Me cenderung lebih
unggi daripada Bah Jambi. Berdasarkan
d.ulu ]-ang disajikan Lamade dan Setiyo
(l I ), proporsi biomassa tegakan akar bahan
tanaman La Me terhadap Bah Jambi
sebanding dengan proporsi respirasi akar_

sien respirasi. Ia mentrnlukl<an bahwa res_
prasi akar total tanaman kelapa sawit umur

9 tahun terdiri atas 83 o/o respirasi pemeli-
haraan dan 17 ot,, respirasi pertumbuhan.

Pengaruh suhu terhadap respirasi tanah

Hasil pengukwan suhu tanah berfluk-
tuasi dalam selang 26,49 - 30,32 "C. pada
Tabel I disajikan bahwa suhu tanah ber_
beda nyata menumt ulangan, yang juga
mencerminkan perbedaan tanggal peng-
ukuran, dan onlin tanaman. n""Aufr"fu
suhu tanah di hawah tanaman orrlin Bah
Jambi dibanding dengan La Me bisa dika_
renakan tingginr a taraf penutupan kanopi
(indeks luas dlrrn) pada tanaman Bah
Jambi. Sement.,ra suhu tanah ],ang tidak
berbeda nvata rrrenurut lokasi pengukuan
mencerminlian bahs-a kanopi antara
rndrr idu pohon telah menutup sempurna
( I I ).

Dan analisrs seluruh data pengamatan
)'ang dilakukan selama percobaan (, :
769) tidak diternukan hubungan antara
suhu dan respirasr tanah yang erat. Namun
pada tanggal ter1enftl, dengan pengukuran
parameter menunrt Jam pengamatan
dijumpai korelasr yarTg n),ata antara suhu
dan respirasi tanirh, seperti disajikan pada
Gambar l. Penr esuaian terbaii diperoleh
dali bentuk kurr.a ernpirik eksponensial
sederhana (Rs = a * exp(b*Ts)) yang
secara utnum digLrnakan turfuk menggam_
barkan proses l.'iologis (12). Bebe-rapa

faktol kemungkirran dapat mempengamhi
lemahnya hubungrrn strhu dengan respirasi
tanah, yang tidak dipelajari secara khusus
dalam percobaan rni. rnisalnl,a kelengasan
tanah. Sebagaimana Lamade et at 1lOSAl
menyatakan bahrva suhu berpengaruh
jgrhadap respirasi tanah hany,a pad,a tanah
'basah', yang taraf kelengasaruD,a cukup
memperkenankan populasi mikroba ber_
aktivitas.
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Gambar l. Hubrmgan antara respirasi dan suhu tanah pada onlrn Bah Jambi

Perkiraan alokaSi karbon ke akar

Dari model neraca karbon ekosiste'm
yffiLg diajukan oleh Raich dan Nadelhoffer
(18) dinyatakan bahwa alokasi karbon total
unfuk akar sema dengan selisih antara
respirasi tanah total dan jumlah bagian atas

tanaman (yaitu pangkasan pelepah) yang
dikembalikan ke tanah. Pada kondisi
de,mikian, alokasi karbo3 dimanfaatkan
untuk respirasi dan pembaruan jaringan
mati, dan karenanya pertamtahan biomassa

diabaikan. Dan Tabel 2 ditunjukkan
bahwa karbon totd tahrman rmtuk akar
pada kdua bahan tanaman relatif serupa,
y g besanya 42 - 46 ton COz.ha-t.tho-t,
de,ngan pe,mbagian rmtuk turnover akar
sekitar 0,3 - l3,l ton COz har *rn-t 1t-:t
%) dn untuk respirasi akar 29,3 - 45,5 ton
COz har *rn-t 1ol-99 %). Atgka tersebut
sebanding dengan yarLg dinyatakan oleh
penulis sebelumnya (6, l0).
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Pendugaan laju respirasi dan turnover akar kelapa sawit varietas tenera asal semaian

Tabel 2 Hasil perhiumgan respirasi tanah total, respirasi akar dan alokasi karbon untuk
Iurnowr alia tahrman me,lnrrut bahan tanaman.

La Me Bah Jambi
.m-'.s''

RclfiEi -- I'
Crsqn
Ieln pacn
TtAto pelepah
Pirngro

Hlrrenreqirasi akar r)
Gerrengan
J:len palr€f,|

Turyrkan pelepah
Piringan

Rerata+erboboti dari plot **)
Respirasi tanah total (Rs)
Respirasi riikrobia (Rm)
Respirasi akar (Rr: Rs-Rm)

Massa pelepah yang jatuh ke tanatU Pa ***)
Turnover akar, Pb (: Rs-Rr-Pa)
Alokasi C total ke akar
Pb- Rr (: Rs-Pa)
Proponi

Rn/Rs
k,Rs
PbiRs

KESIMPULAN

Dan analisis data pengamatan laju
respirasi tanah total in situ dihrnjukkan
bahqa peubah tersebut berbeda nyata
hm1'a menurut perbedaan letak peng-
uhnan (variasi spasial), sedang faktor ba-
hen tanaman dan interaksi bahan tanaman
r letak pengukuran tidak berpengaruh
n]-ata Seluruh data percobaan menunjuk-
\m hubungan yang lemah arfiara suhu dan
respirasi tanah. Namun demikian, pada
taggd pengamatan tertentu ditemukan
hubrmgan positif dan nyata antara suhu dan
rEspirasr tanall )'aitu di dasar batang
(r=O-tl )- di jalan panen (12:0.62), di
bas?h uryrrkn pelepah (12:0-91) dan di
t€ngrh gilr-zngan mati (13:0,80). Dengan
rmndnl-r pengu\rrran respirasi dl |a-

3,62
2,20
4,45
4,04

2,74
1,52
3,75
3,28

50,75
5,27
45,48
4,96
0,31

45.79

0.10
0,90

3,26
1,84
4,90
4.1I

1,80
0,69
3,3 I
2,79

ton CO2 ha'r tahun-r

49,rs
19,86
29,29
6,76

13.10

42.39

pangan dan di laboratorium dimungkinkan
untuk menduga besarnya respirasi akar
tanaman. Selanjutnya dengan mengapli-
kasikan model neraca ekosistem karbon
dapat diperkirakan jumlah alokasi karbon
unfuk turnover akar. Walaupun secara
statistik tidak berbeda nyata,laju respirasi
akar tanaman DxP orijin La Me (3,20 pmol
CO, m-2 s-t) cendemng lebft besar
daripada Bah Jarnbi (2,15 pmol CO,
--' r-t). Beberapa faktor pzubah lingkung-
an selain suhu yang berpengaruh terhadap
respirasi tanah, misalnya kelengasan tanah,
bahan organik dan kepadatan akar, perlu
untuk dilibatkan dalam pengukuran res-
pirasi tanah.

40
60

0

0

0
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Estimation of respiration and tumover of Dxp oil palm roors

Estimation of respiration and turnover of DxP oil palm roots

Indra Eko Setiyo, Amir Puba, and E. Lamadel

Abstract

.ft'tn soil nn'ace uu^s esrinrated at 49.1 - 50.7 ton CO2 ha-I yrI, in whtch proportion of root
resptmnon anci root ntrnoverwere 0.60-0.90 and 0.01-0.27, respectivelv.

Kev rr ords: Elaeis guineensis, soil respiration, root respiration, root turnover

Introduction

Development of simulation model of
oil palm growth and yield (3, 7 , and t I ) is
usually limited by lack of understanding of
carbon physiological process, especially
root respiration and furnover. So far, root
production of oil palm was assumed as a
proportion of total dry matter production,
s'hich was usualll' obtained by non-dest-
ructive method. For exarnple, in Malaysia
and Papua New Guinea, it was detenmned
about l0 % (l) The value is different
compared to the experimental result done
rn lr-on' Coast. i.e. 50 % (Z). Both studies
mpl]-that root grorth was much affected
b] . anation in agrochmate. Meanwhile,
rsf,t respratron for modeling at first was
detrmrned b1 coel}icient based on nutrient
rontenl of ussue ( l. 3 ).

The adr ancernent of infrared gas
ma\zer r IRGA r rechnologr- and modif-
rcatim of the .-hamber prorides a better

-CIR{D{P- Frrr,ss

opportunity to detect CO2 efflux from soil
system or soil respiration. Lamade et al.
(10) have developed successfully an
approach that integrated the technique for
measuring COz efflux in the laboratory and
field. The teclurique was able to separate
two maln sources of soil COr. Using
carbon balance model proposed by Raich
and Nodelhoffer ( I8), amount of carbon
allocated for root turnover can be
determined. The IRGA method .is better
than COz trap nrethod because of its
instantaneous. Furthermore, trap method
tends to overestimate CO2 e,fflux from soil.

Soil respiration .explains the total
amount of CO2 released from overall soil
metabolic fupdiion It includes several
biological processcs. namely root (auto-
troph) respiration and soil microbial
(heterotroph) resprration activities, es-
pecially microbial respiration activities that
involve in mineralization of organic matter.
Therefore, soil respiration is often be used
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as soil biological activity (fertility) index

that gives a precise information about root

system dynamic.
The objective of the experiment was

to study' the soil respiration of trvo different
oil palm varieties at four different sites of
measurement (spatial variation). Then,

amount of annual root respiration and

turnover were estimated.

Materials and Methods

Location and planting material

The experiment rvas conducted on the

IOPzu genetic and breeding trials- rn
Marihat estate- PT Perkebunan Nusantara

IV. North Sumatra. The planting materials

were La Me (DA l8 D self x LM 7 T sel|
and Bah Jambi (BJ 13 D self r BJ 2l P)

varieties observ'ed at nine vears after

planting. The palms were. planted at the

densitl, of 130 palms ha-'. The climatic
condition was characterized based on

routine observation in SMPK Marihat-
Marihat Research Station (02"55' N. 99'05'
E; altitude 369 m) In the last 20 years of
observation. average annual rainfall \'vas

extremely wet (>2.750 mrn). Based on the

calculation of monthly lvater balance (17),

the r,vater deficit \,vas not fourd r'vhile

excessive water (drainage) was about 1,400

mm per year. The other conrponents of
climate were described in detail by Lamade

et al. (9): Lamade and SetrYo (11)

The soil lvPe was TYPic DYstroPePl

(-"-ellou'ish bror,vn podzolic), at which the

upper layer (0-40 cm) was sandl' loam

texture. crumb stntcture, and very friable
consistency while the lower layer was

sandl' clal' louttt, blocky, and friable with
good drainage. Hydrogen exponent (pH

(HrO) was betvt'een 5.31 and 5.51 (from 0

to 80-cm depth). Nitrogen and organic

matter content were high with CArl ratio in
the range of 9.54 - 10.71. Cation ex-

changeable capacitl (CEC) was moderate,

7 7 - 10.9 (14, 20)

Techniques of measurement

COz released liom soil was m'easwed

directly in situ on the field (8) Measur-

ement used an infrared analyzer (Analyt-

ical Development Co.- Hoddesdon, Herts,

UK ) att4 modified cylindrical chamber.

Cylinder ivas made of metal (diameter 40

cm, height 50 cm) and can be moved and

fitted hermeticalll' to support l5 cm pushed

into soil. Cvlindcr was connected to

anall-zer via butr I ' rubber tube with
diameter 3 mm lnside crlinder. it !\'as

arranged tn'o fans , Micronel. 80 mm. l2v)
to ensure effectir e .ttr homogenization- and

one thermistor t\agimeca- l0K3 Al)
connected u-ith rntrltineter (Fluke 70 II) to
rneasure chamber air temperature. Trvo

standard thermomcters were pushed into

soil beneath charnber to measure its
temperature. Before analysis. sampled air

was dried up b1' using magnesium per-

chlorate to protect aualvzer arid liurit from

interference behrc.en vapors with CO:

during measurelnent (13). Thc first sarnple

was taken wheu cvlinder rvas fitted to its
support and served as a reference.. Ttvo

follorving samples were taken consec-

utively every five nrinutes.

COz measuretnent in laboratory \\'as

set up to estimate the share of root

comparfment respiration in total CO:

efflux. The procedure \,vas explained b1

Lamade (8). in which the soil sample s'as

taken from the sanre site of chamber. After
root removal by dn'extraction. the sample

was incubated in field capaci6' condition-

COz was'measltred frorn two air samples

and \,vas taken per thirtv minutes p€r

rrqllrt tt: ,r ,rl(ttliiil 6il1n



An estimation of root respiration and tumover of seedling Dxp oil pahn

replication. Then- root compartuent respir-
atron s':ts deduced from the difference
benveen measurement taken in situ on the
field and rn root-free soil in the laboratory.

Experrmental unit was the combin-
aDon of planting material and measurement
srte The measurement sites r,vere: (i) near
tr€ trunk base, T. (ii) along the harvesting
path- HP. (iii) beneath the frond piles, FP
ad (ir') in the middle row between two
palms-rnterrows, IR In each location, CO2
r\as measured at least five times of
chambsl fitting rvith hour per palm. Respir-
auon rate was calculated using the
.-mrentional equation for measuring
closed circuit (13) Data was statistically
mahzed follou'ing the randomized
cqlete block design with two factors
( l6- l9).

Estimetion of carbon quantity allocated
to tle root

Carbon quantiqv was estimated by
R^och and \adelhoffer model (18) The
;aLdauon assuned that the total annual
:rhr renrned ro the soil b1'plant residue,
h-d m 6e tbrm of abore-ground parts (Pa)
nt tel.-s-eround part-s (Pbt- should be
eqrnrl H the anLl,rnt ,-rf sorl carbon mineral-
'-l h hErercqL.pn rsplrauon, \loreover.
tr R.s rEfescrs 6e raal CO: released from
ilB nl -d R,r L{ rmr respuation- the
rdm:r be snniu as

R.s=Pe-Pb-fl.r tl)
PHr atrmeO dE loel or ,Trbon

rllr--d r. ilc rurts The emenon sas
--rrrr-ngd rd rcr.. rsilfocs- t r t ae
;rtaEndeslmmb frm
il d ru h- rur oh'lcders ErEre
.Yrod'-d b cagihe b sql agruc
ririrF_ s|1'} fu r=[ of ftmds s?s
,Lc'lTwd o 6e rface- ttu) the effecr

of rnteraction betrveen rnicrobial actiliq,'
and carbon supplv, such as litter. to the
decomposition of soil organic matter
(priming eftect) was ignored. The other
assumptions were explained by Lamade et
at. (r0).

Results and Discussion

Total soil respiration in situ

The respiration rate is always affected,
by change in temperature (10) Therefore,
all respiration data was corected by
temperature. Dtrrtng the experiment, the
interaction between planting material and
measurement site did not significantly
affect to soil respiration. Average soil
respiration rate \vas shown in Table l.
Range of the valuc was comparable to the
previous results (6. l0) Statistic analysis
indicated that only site of measurement
significantly affecled (p:0.001) to the soil
respration. The decrease in the instant-
aneous value was obtained respectively
from beneath frond pile (FP), near tmnk
(T), interrow (lR) to han'est path (Hp)
location. The highcst instantaneous respir-
ation in frond pile was consistent with the
previous report. This case was caused by
the accumulation of organic matter that
makes more favorable growing conditions
in that zone and the higher root density (6,
l0) Meanwhile. the lowest rate of soil
respiration found ut the han,est path r,vas

drfferent frorn that fbund bv Henson (5) It
ma) be caused br diflerence in soil
:ompacting level

Root-free soil (microbial) respiration

-\nalr-srs of :or ariance. with temp-
eranre cor-ariate- on rnteraction between
planting matenal and measurement site

8l
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showed no significantly difference of soil
microbial respiration. For all two singls
factors, the corrected respiration was also
no significantly different. However, there
was a tendency that root-free soil
respiration in Bah Jambi was higher than
that in La Me, with the proportion of BJ to
LM was 1.33. The proportion of root
standing biomass of Bah Jambi to La Me
planting material of 0.69 (ll) implied trat
the microbial respiration negatively
correlated to the root biomass. Mean of
corrected root-free soil respiration was
presented in Table l. By using ecosystem
carbon balance model, share of microbial
respiration was in the range of 10.4 - 40.4

%o of total soil respiration (Table 2). These
values were comparable to the previous
repdrt (6, l0), about 30.5 - 45 oh. 

,

Estimated root respiration

te,mperature. The effect of measurement

site was highly significantly different

0:0.001) for the estimated rate of root
respiration, whereas the effect of planting
material and the interaction of both factors
were not significant. Mean of corrected
value was presented in Table l. For each
measureme,nt site, the pattern of the change
in the value with measurement site was
similar to trat of soil respiration. Root
respiration of La Me tend to be higher than
trat of Bah Jambi. Based on data present-
d by Lamade and Sehyo (l l), proportion
of root standing biomass of LM to BJ
(1.46) corresponded to that of the root
respiration. This was consistent with the
previous reports (1, 3) ur which root respir-
ation, mainly maintenance respiration
component, positively correlated to stand-
ing biomass. Henson (4- 6) studied to
separate the component of root respiration
using the measured values of root biomass,
net root biomass production, ffid esta-
blished respiratory coefficients. According
to Henson, the total root respiration of
nine-year old stand comprised nearly 83 %
maintenance and 17 

oh growth respiration.

iration (Rr) and soil

EaGEcE&||bErF-E:
tcricdffiby I.SD a r:0-Oj

ature ( I's

gcnfrrrr

i

I

Table 1. Mean of total soils respiration (Rs), root-free soil respiration (Rm.), root

Rs*) Rm*)
lrmol COzlnz.s-r

RI*) Ts
oc

Replicdion
I
2
3
4
5.

Plriryncrid
B$.Hi

Lrllc
Loc{in

2.92
3.74
3.5'l
3.78
3.76

3.53
3.5t

{6$
L|f2c
4el t
3-tub

0.82
0.88
0.90
0.85
0.96

l.0l
0.76

0-84
0-tl
0_tt
l-m

2.30
2.81
2.61
2.78
2.86

2.r5
3.20

3.23 ab

1.24 c

3.71 e

L52b

27.16 c
28.86 a
29.06 a

27.94b
27.80b

27.73b
28.60 a

28.04
28.03
28.23
28.34

T
IP
FP
In.
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Eftct of temperature to soil respiration

Dunng measure,me,nt, soil te,mperature
ffunted in the range of 26.49-30.32 "C.
Table I rndicates that soil temp€rafire was
significantly differe,nce witr replication,
which reflected difference of measuement
d&, md planting material. Tendency' of a
bcrcr soil t€mp€rdrc in Bah Jmbi
nerial mz]- be relaed to the ceopy
oo\Er lerel (leaf area infur) of Bah Jambi,
ntich s?s hig!€r thtn rhat of La Me.
Meunrtib- sdl t I eratue was not
dgnficrl\- differem wiftin measurement
site- Ttb ;-licar. firrt canopy betwee,tr

Fh hffG o@*ty covered (l l)
A4bsis m all data observbd during

fu crperimt (n:769) did not fmd a close
od ngnificant correlation between soil

I
7

temperature and respiration. [n certain date,
however, we found a positive correlation
between them, as presented in Figure l.
The best fitting was obtained with a simple
expone,lrtial empirical curve (Rs : ; *
exp.(b*Ts)) generally used to describe
nuny biological processes (12). Possible
fac0ors determining the weak relationship
was not studied in this experiment, for
sxamFle, factor of soil moisture content.
As Lamade et al. (10) pointed out that
temperature only affected to the soil
respiration at 'wet' soil, when the level of
moisture was sufficient to permit a
substantial activity by the microbial
populahon.
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Figure 1. Relation between soil respiration and temperatxp in Bah Jambi material
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Estimation of carbon allocated to the
roots

The model of ecosystem carbon
balance proposed by Raich and Nadelhof-
fer (18) stated that total carbon allocated to
the roots .were e4ial- fo the difference
betwe% total soil respiration and amount
of above part of palms (i.e. fronds cu|
returned to soil. In such condition, the
allocated carbon was only used for
respiration and renewal of dead tissue.
Hence, incre,ment of biomass was neglig-

Table. 2. The calculation of annual total soil respiration, root respiration, ffid carbon
allocated to the root comparhent for turnover with .trruo different planting
materials

Notes: t) number was corrested to temperature ;t*) weighted according to the percentage of total area occupied by each

site; ***; calculated based on'the frond cut leafhrrnover, leaf are4 and specific leaf biomass

Conclusions

It was found that total soil respiration
in situ in the field was highly significantly
different wift variation in measureme,nt
site (spatial vrratioQ, whereas effect of

ible. Table 2 presented that the annual total
carbon to the roots for both planting
materials were relativelv similar in the
range of 42-46 ton COz hu-t yr-], parti-
tioning for root firrnover around 0.3-13.1
ton COz hu-t yt-t (l - 3 | yo), and for root
respiration 29.3 - 45.5 ton COz hut yt-t
(69-99 %). These numbers were compar-
able to those formd by Henson (6) and
Lamade et al. (10).

planting material and interaction of
planting material x measurement site did
not significantly different. All experiment
data showed a weak correlation betwee,n

soil respirbtion and temperature. In c€rtain
date, however, positive significant

I

I

i

la Me

3.62
2.20
4.45
4.04

2.74
t.52
3.75
3.28

50.7s
5.27
45.48
4.96
0.31

45.79

0. l0
0.90
0.01

Bah Jambi

m-t s't

Total soil rcspiration
Irtrerrow
Harvest paftr
Frond pile
Neartnrnk

3.26
1.84
4.90
4.11

1.80
0.69
3.31
2.79

ton CO2 ha'r tahun'r

Estimded root reryiration *)
Iderrow
Harvest path
Frond pile
Neartrunk

Weighed mean from plot **)
Total soil respiration (Rs)
Mik5obial respiration (Rm)
Root respiration (Rr = Rs-Rm)

Leaves mass relhrrnedto soil, Pa ***)
Roottrrnover, Pb 1= P"-O-t",
Total C allocatedtothO roots
Pb-r Rr (: Rs-Pa)
Proportion

Rm/Rs
Rr/Rs
Pb/Rs

49.1 5

19.86
29.29
6.76
13. l0

42.39

0.40
0.60
0.27
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F
I

t.I
I
I'
I
l

I

cmrelati viz rn
trrmk path
1124.62 l) and
interrow iration
s:rs estimated by integrating respiration
ureasurement in the field and the
laboratory. Using model of ecosystem
cabon balance, total carbon allocated to
the roots for turnover was determined
Although not significant, there was a
te,ndency that the estimated root respiration
of La Me (3.20 p,mol CO2 m-2 s-t) was
higher t4an.that of Bah'Ja:nbi (2.15 pmol
CO, m-2 s-t) planting material. - Several
environment factors affecting to soil
respiration, such as soil moisture, soil
uganic matter and root density, should be
mvoh'ed in measuring soil respirafion.
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