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Development of Techniques for the Utilization of Environmental

Resources and Perspective of Promotion of Research

in the Marginal Land Area

1. Technology for the utilization of enviromental resources in marginal land area

Michio ARARAGI
Marginal Land Research Division. Tropical Agriculture Research Center
Ohwashi, Tsukuba, Ibaraki 305, Japan

The increase of the population is particulary evident in the tropics and subtropics,

and it is anticipated that many people will be confronted with food shortage and the

deterioration of the environment, including the disappearance of tropical forests and

desertification. Expansion of land area for cultivation is needed, but the land area

suitable for cultivation is decreasing because of desertification, soil degradation, etc.

Therefore, the development of marginal land areas for agriculture in harmony with

the regional eco-environments is necessary. The Marginal Land Research Division

has carried out fundamental research to enable the exploitation for agriculture of the

marginal lands of the tropics and subtropics and to promote sustainable agricultural

production. The soil and water resources and climatic analysis of the marginal lands

were evaluated as agricultural resources in order to promote the development of

techniques for the utilization of such lands for agriculture.

Key words: marginal land, desertification, sustainable agriculture
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Development of Techniques for the Utilization of Environmental
Resources and Perspective of Promotion of Research
in the Marginal Land Area

2. Degraded forest lands in the tropics and agroforestry

—Analysis of light conditions under a canopy of fast-growing trees—

Kiyoshi NAKASHIMA
Forestry and Forest Products Research Institute

Matsunosato, Kukizaki, Inashiki~gun, Ibaraki 305, Japan

The quality and quantity of light energy were analyzed in order to study its effect
on the prcduction of agricultural crops in agroforestry systems. Transmittance of
leaves was measured in about 50 species and the spectrum of transmitted light of a
leaf was very different from that of solar radiation. The absorbance of a leaf was very
high for blue, green and red light, ranging from 400 to 700 nm wavelength (PAR), but
it was low for the far-red light in the range from 700 to 1100 nm. Transmittance
varied with the leaf age and it was higher in a young leaf than in a mature or an old
one for green and red light in the range from 500 to 700 nm but it was lower in an old
leaf than in a young or a mature one for far-red light in the range from 700 to 1100 nm.
Reflectance of light energy on a leaf surface was higt for far-red light but it was very
low in the range of PAR. However, transmittance was very low in the range of PAR
and high for far-red light.

Under the closed canopy of fast-growing trees, most of the natural radiation (direct
solar radiation and sky radiation) was reflected and absorbed by the leaves of a
canopy. The diffused light under the canopy was very different from that of natural
radiation and the spectrum exhibited a low and approximately constant energy at all
wavelengths. Light conditions under a canopy also varied with the tree age and with
the spacing of tree stands. In Acacia auriculiformis and A. mangium stands at 2 x 2
m and 2 x 4 m spacings, the relative light intensity (RLI) decreased rapidly to less

than 20 % three or four years after the trees were planted and the decrease of RLI
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continued gradually with tree growth subsequently. In the A. leptocarpa stands

planted at 2 x 2m, 2 x 4m and 2 x 6m spacings, a large amount of energy of

diffused light was observed at all wavelenghts in the stands with a wider spacing.

Relative light intensity under the canopy was closely related to the area of an

opening in the canopy but not with the reflectance or transmittance in a leaf. This

fact suggests that the light conditions under a canopy depend on the structure of the

stand.
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X-5 2XKAHEIEEBLOKEREINT F L+~

2) EIT X % A OERMSED BB RIT T R
HHEBEISER S NIORE, 2% D EELEDAH» S
BAHHHDS LT, EEFEBLIHKOBERES T &V
F—RRAELAMERERK-51TR Lic, EOREICK
D, iR EENEM = 20 F— DMK X <
T B ERTTIKRAZEBYTHS, Az R
F-—oZfticHGL T, EEEB LD RNV F—
Rk 2L T B, F1, TNETNOEERT XV F—
D% 7 O OHELH S 4 2HHMETRT &, £
KHNTHONEBLEOHEMEL D bEWEE 25
EDDH B, THNIIHERENVIREBDOEIC L D HETA
EONTREORICRIE L. bD T, B0EICEbN
TARFETHRIE L B A1c i3, £ RKAMOEICH~THA
YNSIEE I 52, DX D ITHHFEERKRST 2ED
KRBT XD, BBNO 2V F—HkFE L < Ztg
%o
3) i & FmEt OB ER T 2V F — R
DR, BEEEI I3 L < BB L 5D o B
T HKERToEES ©, HAnBEESD 5, 41, &K
BEIIHOWT, FWENOELEB L 2 OEES -
FNVF-ZRAELTHBE, PLEHESED O
%, X-6 & E. camaldlemsis & Depterocarpus alatus
DEIZDVWTRDIERERT, —fRIT, BRI
THEET IR~ REE (500 ~ 700 nm) FRIROBIBR
DE\, E. camaldlemsis TI3EHETIZ 500 ~ 700 nm
OFBIDOEIEH @D, BREE L EIEDR] T 400 ~
700 nm OFEFEIXTIRIZ LA EEDT WV, —F, 700
nm Pl EO@ERENIR T, EEIRECHRTEB
EKBE, & T AHD. alatus T, WEREFE TR
FRIE L ZIE L ORICHARZZZFEYD SN, 500
~ 700 nm TOHBARIFEE KD, DX S5 ICER

SRR T 3L F — DBEBRIC bRITED RN
HHN B,

4) BBRT HEOHEBBNOWEER = v F — Rt
SRAF TR NVF-—D S5, HAEKRENE & FRE
NBFEBO 2V F — BZETHRRIN, FIHS
hTWw3, LirL, TORERETS 10% AR DI E
BLTHBY, SSIEFRERETIE 0% bDXHE
BLTWE, —h, MADBCEERNTA S L, H—
EABB L HOFERN T 2V F K& d7 D R

—— . young leaf
1.007 i, : mature leaf
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2 0.80 ———. : ED-Leaf-3
Z 070 — - : ED-Double
—— : ED-Tripl

8 0060 riple
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— 0.20

E 0.10

9 0.00
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WAVELENGTH (NM)
X-7 SEHOEZBEBLIDEOBEREN T3 VE—

B> Tnd, MADHI R OELER L 120K
FLIED SERENTWA I, EDEHGHPH—E
ABEBLENEBOBOREIMEREET D LHE
N, T THHKOEEZZEATE LIk,
RAlz 2 v F B ED LI LT 2hE VLD
ORI >VWTHIEL, FORREEK-7, £-21ic
RULte K-T7I3E. deglupta DETHIEL /2D T
Hb, H—IETII 700 nm Ll FOERIBOBAATAE
TH A0, F72500~ 700 nm IZh i THRAKB K
SGHART 3 ~ 4 B REOEALHEDON S, Lh
L2HOEABRLIETR 02K EELLD, 3K
TIRE5I120.03% BEIcE TRD T 2, Thlif okt
BTHIBIEERIC, 2HOEEER LI 1 o
AEALEDOR 1 /10, SKHOETIZESITL /100
BEICETRYTS (F-2), LerL, B-Th5bb
» A&, EIRDHR TORDRIGEARB R
IR EEAE TV,

5) EEBAOBRIT 2 ¥ — LB L 2ER
e FR L 1o DER = v F — B0 EBRE S
BRDRY 51 5, FRITEEEA RIS iRl © D BX
WELS, —7, EREAEToORIEZ NI EHF
TV, EMOEFICE - TEELARBE RS
fRIRICPR > TATH, KifEIC &0 BRIERICAYSED
MRDHONE S (-8, £-3), ThZEhok
BOXFMHEEART b O EEZ LN D, BPAREE 50 i
Biconwte, B ATXETzhEhtRE LTl
TE Lttt B Azt K& R (PPFD) i<, fifEic &
DIASHISENVDS BT Esbh -1 (1% KETH
o INREDOERKONEGRBINBHEEEL»Z
NZNORREDOEDKAM A RIBELERICE DG
5T ETREELTVS,
. Direct Sun Light
. E. houseana
. E. torelliana
. E. bigalerita
. E. paniculata

- . M. argentea
—-—-=  E. cajuputi

(W/M 2 /NM

SPECTRAL IRRADIANCE
o
>

500

400 600 700 800 900

WAVELENGTH (NM)

1000 1100

X-8 BARFEOIEEER L IOLoEES < v F—

F#-2 BHOEEZZBRUIED L2 VF - DHR

Species PPFD (5 IT
(¢ mol/s/m?) (%) @ (%) (W) %)
T. grandis (Mature) 5363 E 02 3.71 .5083E 04 6.21 .1164E 03 19.29
T. grandis (Double) 4876 E 01 0.34 .5400E 03 066 .6813E 02 11.29
T. grandis (Triple) 4573 E 00 0.03 .5070E 02 0.06 .3683E 02 6.10
E. deglupta (Mautre) L4803 E 02 3.32 .4425E 04 540 .1166E 03 19.33
E. deglupta (Double) 3132E 01 0.22 .3325E 03 0.41 .6928E 02 11.48
E deglupta (Triple) L4206 E 00 0.03 .3920E 02 0.05 .4730E 02 7.84
A. auriculiformis (Mature) .3576 E 02 247 2931 E 04 358 .1111E 03 18.42
A. auriculiformis (Double) .1936E 01 0.13 .1809E 03 022 .6063E 02 10.05
A. mangium (Mature) L2092E 02 145 .2161E 04 264 .1299E 03 2153
A. mangium (Double) L2263E 01 0.16 .1798E 03 022 .7316E 02 12.13
A. mangium (Triple) J1312E 00 0.01 .1139E 02 0.01 .5443E 02 9.02
Control 1447E 04 100.00 .8191E 05 100.00 .6033E 03 100.00

PPFD: Photosynthetic Photon Frax Density (400-700 nm)

IL  : Illuminace (370 - 790 nm)
IT : Integrated Light Energy (300 - 1,100 nm)
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#x-3 BEAROELERLIOtOGRAMBEIRERE (PPFD) LREE (L)

0.8 ~ 12% DHEFIZH %,

Species PPPD IL IT
(¢ mol/s/m?» (%) @ %) (W) (%)

Eucalyptus torelliana .1097E 03 761 .9336E 04 1146 .1624E 03 2104
Eucalyptus houseana L1035 E 03 7.18 .8704E 04 1068 .1651 E 03 27.48
FEucalyptus brassiana L9497 E 02 658 .8945E 04 1098 .1712E 03 28.50
Eucalyptus citriodora .8132E 02 564 .7128E 04 8.75 .1604E 03 26.70
Melaleuca symphyocarpa LT296 E 02 506 .6632E 04 8.14 .1493E 03 24.85
Melaleuca leucadendra  .7286 E (02 505 .7070E 04 868 .1704E 03 28.36
Eucalyptus raveretiana .6787TE 02 4.71 .6058E 04 743 .1545E 03 25112
Melaleuca leucadendra  .6542E 02 454 .6438E 04 790 .1561E 03 25.98
Eucalyptus paniculata D918 E 02 4.10 .5052E 04 6.20 .1495E 03 24.88
Melaleuca dealbata 5419E 02 3.76 .4280E 04 525 .1316E 03 21.74
Eucalyptus bigalerita L0699 E 02 351 .4384E 04 538 .1394E 03 23.20
Eucalyptus bigalerita 4972 E 02 345 .4269E 04 524 .1365E 03 22.72
Melaleuca saligna L4573 E 02 3.17 4296 E 04 5.27 .1263E 03 21.02
Melia azedarach 4375 E 02 3.03 .4598E 04 564 .1426E 03 23.74
Eucalyptus punctata L3035 E 02 2.10 .2619E 04 3.21 .1089E 03 18.13
Azadirachta indica L2803 E 02 194 .2959E 04 3.63 .1339E 03 22.29
Eucalyptus exserta 2761 E (02 191 .2364E 04 290 .1309E 03 21.79
Melaleuca cajuputi L2636 E 02 1.83 .2648E 04 325 .1334E 03 22.20
Melaleuca argentea 1948E 02 1.35 .1806E 04 222 .1236E 03 20.57
Control L1442 E 04 100.00 .8149E 05 100.00 .6008E 03  100.00

6) EXA TR I NIHRDOFEER T R V¥ — ik < 100,07

ATIE T CHIE U 7 3R > ORSHEOB 2 o]
BAlx 2 V¥ —fRER-91, ThZhoERELS |
B REEER-10 1R L ALKRIRZ v -2 2 60.0]
= . . ~ 50.0

Fr Ry PABAMT ORI bOT, HEYOEE S

R 155 & 51T, SEAREMRHERD £ 0.0 ;

R . S N 5 20.0 E. camaldulensis

FVF—EEREILTH B, K100 5, KR, 2 0o MM

- = . . o 10.
470 nm Bl FORGHEIR T R # L < BT 5 B b5 0.0 L L by
. —_ = TRyRe 300 400 500 600 700 800 900 1000 1100
%75, 470 ~ 700 nm OHF TEHEKHNLE L TV T, WAVELENGTH (NM)
—7%, 700 nm fHETIEA =
) B ; . ' K-10 ZEXRMmICH T 2 HENREHE
BEEAMBROH, LrbRERBEEEE->TY
b0 SOITKIRICK 2ERS 700 nm 2T Dl bt

: CONTROL
................... : E. canaldulensis

0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002

/__

M{W"‘ g @»-W...._..m.,_,--""/

0.000 :
300 400

SPECTRAL IRRADIANCE (W/M 2 /NM)

500 600 700 800
WAVELENGTH (NM)

K-9 LRI TRE S NWIOEOREES T x V¥ —

900 1000 1100

N, 700nm LA LOFFHTREIVEETH 2, EOK
[T RIEBRICEELE X 2o ARA RN
DIFXNVF—%TEDBEZFRE LIS\ CIEREBAIC
DA%, HEARICIREEALTHI W VERREL
O TR VF—ERH LTV A,

3 MAARIRORT

MADNIREE 3, Bhdx ke 26008, &
HORASDOEAVWEFICLVREY, FHFJHICL-T
SEET 5, MADKIBEELEBOEL SR, Bk
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REOEBAL EMECHBETKHG Lzt roN
29, D, HRXOBER < & v+ —HIE
EAPEOE RN, HHEE SR - 1k E R,
MWAREEA BT 27707 4L 2 Y =T,
MROERICED, FYMOATREIEZEL ST
202 s KR ORASYIC & 2 HPEIRE A~ O 5 13
FELLY, RBOABSFHBEOLNGEETH
B9 TRMADKDE O & & b I HREE
TEITHORICHWT, NEEHEKT 25, KiEHE
&, WARERRIC & 2 ZER, MEnicfE o &b, FEIZE)
FIC O VTN 21T 5 12,

M EAE

MAEE DS = % v+ — 3 LI- 1800 2 AT,
300 ~ 1,100 nm OERIFT, £NZN 2nm OREFHT
TR 7o MRPABHIREE (IS (R /vy T-1) %
Awv, MR EMRATRIFRIEEZITY, ZThZh Ok
TR L 725 LI- 1800 I2 & 2 MABOEDRIER, 74
FERER 7 7 14 5 HERHA D D. alatus (5FA),
E. camaldlensis (12 FH), A. auliculiformis (124
H) DM T, FEERERERICT 2SN OEOE
Ko\, EREBHOD E. camaldlensis, E. degru-
pta, A. leptocarpa @ 4 FEHEMS TIT - 12 MAAFENT
BEORIE, [SF+ 71 alBRHA O B4R 42 &
R 43 thoy T, WG K O RE AR IR & ARG BREE & o B R
KoWTl’, R4 75— PARMAD A auw
liculiformis, A. mangium (3~ 7T4EH) M4 ITH W
TiT> 7o FHEIAENI LI-18001 kD, Fxz <A R
KA e 7V AVIEHEF VI RAT oY= FRICHER
I N T W3 Paulownia taiwaniana, A. confusa,
Liquidamber formosana, Cinnamomum camphora,
Fraxinus griffithii ® 9 FAEMKIITB T, 1990 4 8
R, 128, 191 %3 A, 8 DT 4[E{T -7,

RRLER

1) MABOEDEER T V¥ —

MABOEE, B, REEFE»OHERENZ D
D, EEBLRUERN, EHEE 3R - R
Ao, H—EAEB L 7t 0RERIFM TIZ 500 ~
700 nm I L XV F—MHBBRDHONB DD, 700
nm L F OB TIIEBLOEIG IR T EMLTH 5,
—H, MROBFEES DRI TR, K-111R
T X1, 300 ~ 700 nm OEIKIH I > TEI LS
nrgEN T 2 vF -k %ERT, 700 nm Ll LoD

. Direct Sun Light
~~~~~~~~~~~~~~~~ : D. alatus stand
““““““ . E. camaldulensis

1.00 —— © A auliculiformis
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X-11 MAEOEDOREER = % 14 —

SPECTRAL IRRADIANCE (W/M 2 /NH)

. D. alatus
------- . E. camaldulensis
——-—— © A. auliculiformis

SPECTRAL IRRADIANCE (%)

T
SR

300 400 500 600 700 800 900 1000 1100
WAVELENGTH (NM)

B-12 MABCEOLR Ao 3 2 HxE

RESERIC B VTR, EEBLIC L ANERE LT
KL, COfERTOEbEhTV 2, MAEDER
HE, REAEB LTI OERENTWAE YO
ZZioNnb, K-11 poPS ik Hic, W HEAH
LAt s v ¥ — i3 EhbH KL, Lod
MiE MRk T 5 KRR I IKF T %,
SRASHCHT 2HMETER T &, KABOLOERE
BARK, BRENLEAELCHBIEDBTES, K12
R &I, M-I X VAL EVHED S
h, 2FRIETERES—ELIS, 700 nm [HE%
BRI E RN TEBR A EF L 780 nm LIBE—EfE
ERT LD, RERETE, BELLBREERT
DL END B, ML T IEREXD RS EIS D
By EbndHY?, 2KAFHCHT B HMMET A
AR, EARBIOEIEIIMNE %k 2 K ik
LTWd &NV B,
2) HEARRSRR & MRABE DR« & L+ —HARK,
- 13 3 4 R OMERER (2x2, 2x4, 2x6
m) THEAL L7z A. leptocarpa @ 4 TEHMS THRAIREL
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-——— ! OPEN
e L 2 X 2mM0
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o - :
300 400 500 600 700 800 900 1000 1100
WAVELENGTH (NM)
X-13 fHERMEE RICT 25 TOMRRNECE DB RS

I RILF—

SPECTRAL IRRADIANCE (%)

FAWE L AERE, BRI 2 V¥ —HkE2RH
Ghoxtd 2 BBRER TR LI SDTH %, HEHEERIL
BBIcoN, EEEETHOLRS OEMARD Sh
%o 51400 ~ 700 nm R TOBEMHF L <, HEHRT
RAEILCERS T LItk , MRNBOEDORE L 7o iEFRYS
KohTw3,

3) PRAAE IREE DT

(1) FotfE & MRPABSTHERE, e DRAGR
FK4RF4~6FEHEORAR 3MS (2x2m Al
#,, 10x10m/7 oy 2) TRIE L ARPAEBED
— &R, MEXNIBE L, Melaleuca agentia ® 83.2%
n 5 A. stennophylla ® 3.12% % T, EVEIEICHIZ
v, MoETHEIHNICERLSE (1% KHE) B3RS
N3, K4 ICFEOHEBN & REHOKERBRK
WREES L UOREORZER LR L TH 5, HAEN
MR & Bt AR S ORItk WFh b AERSHE
FERB oW Ehs, WEBEBER L HREE
DEER T 2 V¥ — CLERBBEHEEE 3,
il % DEDFRN, REFXOBEEINz A LVF - OH
BHEEST 2 &3 TERV, —H, MEDBZERTE
T RIS &OCARRE BN B & ORici3m W E

F-4  MPNEXIIEE, EOBEBILKR U LD EBAZK
4tsi#% (PPFD), MidhIZEER

WAD BELx Lk MED

Species HHBE Aok AR TR

% % % %

Melaleuca argentea 83.28 2132 1.71 73.8
Eucalymtus exserta 76.44 341 4.01 36.5

Melaleuca symphyocarpa 75.34 3.54 6.54 63.0
Eucalyptus brassiana 71.07 6.30 2.03 52.5
Acacia leptocarpa 63.66 2.48 6.50 64.7
Eucalyptus bigalerita 57.07 4.73 2.18 50.2
Acacia auliculiformis 56.67 2.53 5.88 49.5

Acacia julifera 53.26 2.68 1.66 64.1
Acacia torulosa 52.56 2.30 2.01 54.6
Grevillea parallela 49.85 2.32 2.22 46.9

Acacia aulacocarpa 48.89 3.46 6.62 35.0
Grevillea pinnatifida 41.27 2.91 4.07 28.3
Eucalyptus tereticornis 39.00 8.48 2.06 274

Eucalyptus torelliana 33.20 6.44 1.56 28.7
Acacia polystachya 27.52 3.02 6.73 Sl
Petalostigma pubescens 25.79 3.01 1.92 29.4
Melia azedarach 21.06 4.12 6.46 25.4

Azadirachta indicca 15.84 2.75 2.42 20.2
Peltophorum dasyrachis 8.00 1.89 0.85 1582
* 1 AIBELDEN IO AHE0HE, 3 [0 R L OFgfE
¥k EEE (AT icxtd 24E0dE, BoELEL

s (0.1% KETHE), MADNREIZEFHER
FTRINLEERE, % D IREOERIMIACLE LIk
EEY, EENGHRERECKREEELTWS L
Bbhb, RVIETEOZEVICLD, TrBET
DIEHIEALEDEVITE > THOHRKRDOIF 2 S 13573
5T EMD, MEKRDKEREICK X 8T 2 BRIk
HORES, WY, BSZ2BFTVWE, DL ITH
LA (S AETE OIBIE Ofth, REARRARE AR BRI A S MR
DOPRASHE & & iz, MPBEIREEO ABHIFHAE T -
CHEELEREWVWZ 3,

(2) REFKAEIRR & MRPIARNT IR
NEERRNRL 2 &, WEOREET % £ Tofifss
RI3Y, TUHAMARRBEICIERT 5, &-5 1 4 78]
Offkm (4x8, 2x8, 4x4, 2x4m) THHL L
E. camaldlensis @ 4 KRS TRIE L 2 ARAEST IR
EoERERT, HXBEOFEHEIZ 2 x 8 m X

F-5  HEERRIG & KA IBEE (A, auliculiformis)

4X4m
M IBREE 53.71 60.78 39.83 25.76

FEHE (R 16.5533 11564 114617  4.80317
PULTEEY S 030818  0.19026  0.28779  0.18647

4 X 8m 2 X 8m 2X4m




T E: FEMOEEE T /e 74 LAY — 13

#-6  HOEEREESEE, BeoTam, EERE ERAK

4x8 2x8 4x4 2% 4
DBH(cm) H(cm) DBH(cm) H(cm) DBH(cm) H(cm) DBH(cm) H(cm)
SEEE 10.86  793.70 8.45 74250 9.93 731.04 857 754.56
PEHE (R 2= 2.7737 113.86 28726  146.77 12.043  130.69 2.4459 121.495
PAEATER 5 0.2553  0.1435 0.3399 0.1977 12132 0.1788 0.2853 0.1610

15608% Lxbm<, IRWT4x8m XD 53.7%, 4
x4m XD 398%, 2x4mXPHRIET258% TH-
too 4x8mXE2x8mXTHEAEMSFIL TV
T EERE, BIESREERER IR ILA L AR
B> TWVW3, 2x8mEXAM4x8mXLD &5
HBESSVWEBE LT, RO EBEL LN,
THHLE4x8m XTI 1 AN DEEHMEL4x
8 m XITENTIAL, & 072l 4 oK iiE %
S ERTE 3, MMBEOERBRIIL 4 x8 m XA
2x8mXi Y bRELEERLTEBY, BEATICL?
AEBOKRELE NSy FDNRAIONE, E5ICEK-6IC
AT &I, TOoMSTIIMSER (DBH) #52x8m
XozhkbhdbRKE<, XL EEBERL TV
&, ZDHRIETEHTIEIFEL CABRARICHN T
Wb EnHEESN D, — 4, 4x4m XU 2x4m
XTRITIcRESEASHL TV T, EEEEOLLS
WK THEREGEA TV S,

(3) WM ¥ S MM IR BE D HERS

MAEERES I, BIRDARIC > W THE OFAgHASES
2, MAKBECOEDBOBEOFLCEMNT 2, K-
14 43 A. auliculiformis & A. mangium @ 2x 2 m g

%

DS TR ARERICLE S KA IREE D HER 2 7R
L728DThH 3, A. auliculiformis DS TIZ, 34E
KIS TRNTEDIZEAERA LW, MADE
REBRERRIFT, 3HEAERTSD 50% TV ILEHME
SNTWVW3, F/, AIEHIAICIZEHORE L, L
» L, AEARELIETIRNE ORFSEAIEE 0, B
FREdIETL, 20% %2 FEI2 LD 5, 74k
NDIZETIC L 2EE bRV T 5, T DR, BT
B, ZRERESICEEBA LN, 6FEAERITIE 20%

FCEMET 2728, THEARCIBURDCEET 2, C
NIIHREDRABIC X 2 MRS OIEE D &, HEFO
BAtic & b2 HHE, NESHOBESBR VRSN 2
1B THAD, MBIBE L ZREHIIES L&
THY, O EEMFEITE T TV B,

A. mangium OS5 T b [EFEDMERDEED 5115,
UL, TC Tl 3EERICT TITAEMEBED 20%
ZED, 4FEARFTIE 15% FTHRBAATWV S, 54
HIEDF— 7 3185 h 708, 6 EARTRHEY
AFEEFEDO L NVETRIEL TW3, A mangium D
MY T AN IR - ERAKEES L TELL T
%o

50
N
40
iE|
Tg 30
%
2
gg 20
] s o 5
"N | B \
L NE | 7 e
7

3 4

®o
A auli R.L.I. KA auli C.V.

B3 A. mang. R. L. L A. mang. C. V.

- 14 AR E D PIREXT R BE O HERS
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A. auliculiformis \ZHX, A. mangium O TIZ
BB RRELC L SETLTVT, KNEDQREMS LD
Bl > T0A I EElllah s, ThidzhzEh
ORIEREIC L 25D TH S I,

2x2mOAth, 2x4m TR S Wi T > VT S JIE
21T 5 12 2X4m O M T2 2x2m DA I e, M5
DPAH & Z TS M RBEOE TP PENE D
D, 2x2miEH ST & Rk DRI Z R L 1o,

CDLHIC, MARRBERIMARDOAERE EITEL
CEALT BHP, RO AE CIREL, FBHC
MEAEBR T 2RRBICSIREL TV B T &dbh 5,

4) MPIEIRE OFEZAL

R-TRNM «7vhvichEEEhTWS 9FED
M TRIE LIt ABRANBHRERE (PPFD) &4
SHRE (L) 27 LEbDTh B, Paulownia DS
T}, 5~11 HOMFic3ELERL, 11~4HD
VI 3R IET 5, ZDOMARRTOEIZEER
RERY, LR TABAEBP/ONE, —F
Acacia R Liquidamber, Cinammomum, Fraxinus O
ATl EXEHIIBD 5N 5 DD, Paulownia iE
ERABR T35\ Liquidamber (351 I 3—FKIc K=
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Development of Techniques for the Utilization of Environmental
Resources and Perspective of Promotion of Research
in the Marginal Land Area

3. Mechanism of rock—weathering in tropical dry areas

Tamao HATTA
Marginal Land Research Division, Tropical Agriculture Research Center
Ohwashi, Tsukuba, Ibaraki 305, Japan

The mechanism of rock-weathering in tropical dry areas is important in studies on
desertification. The present studies dealt with the changes in the chemical and
physical properties of standard rocks during experimental weathering. The forma-
tion of secondary minerals and the behavior of chemical species in aqueous solution
were studied by geochemical simulation which is an analytical method of rock
decomposition. The physical weatherability of rocks as a cause of rock disintegration
can be determined by the relation between the TMA (Thermo—Mechanical Analysis)
—values and pore ratio.

The process of chemical weathering can be simulated as a reaction occurring
between rock—forming minerals and aqueous solution. The changes in the amount
(grams) of chemical species/1000g of solution (M) and the degree of saturation of
secondary minerals, shown in Fig. 3, were calculated as increments of the reaction
progress (£) in the hydrolysis of standard granite as an example. The changes in the
values of the chemica 1 parameters were complex. The formation of saturated mineral
zoning by weathering is represented by the reaction area (10 cm?) in the profile (Fig.
4 ). Satisfactory results were obtained in the alteration to laterite.

Physical weathering takes place when rocks on the earth surface are broken into
fragments or grains. Weathering by thermal expansion only occurs under very hot
and very dry climatic conditions. The behavior of thermal expansion and shrinkage
of 14 standard rocks in the temperature ranges of 0 to + 100°C and - 125 to + 550°C
was examined by TMA. The rocks characterize dy a large thermal expansion contain

a large amount of quartz. The samples of granite were fractured during the
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experiment (Fig. 8). A new stability series of physical rock-weathering can be
determined based on the thermal expansion-shrinkage coefficient and the pore ratio
in each rock type (Fig. 11). This order reflects the geomorphological characteristics in
a desert area.

Although there is no natural water at present, many hydrous minerals (e.g. goe-
thite, gibbsite, kaolinite etc.) occur on the earth surface in a desert area. The forma-
tion of these secondary minerals can be explained by geochemical simulation that
describes the water-rock interaction. As natural water is essentially involved in soil
genesis, it is considered that the secondary minerals forming soils in a tropical dry
area have not been formed under the present climatic conditions. The rock stability
series in physical weathering indicates that the rocks characterized by a large
thermal expansion are not prone to weathering, because the pores in rocks play an
important role in the alleviation of various environmental stresses. The importance
of the thermal expansion coefficient of rocks on the earth surface in tropical dry areas
has been well documented. The physical weatherability of rocks can be studied by
the determination of thermal coefficients and the physical properties of each rock

type.

key words: weathering, dry area, geochemical simuration, TMA (Thermo—Mechanical
Analysis)
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-6+ tremolite dissolutiony! -

biotite dissolution =W} \\\

log €

3 HIER(EFERIY S 2L —va vtk B, BT HEOMKDRICE T B{L3EMg) /75 1000 g DZE
1t, BLURINETTE (&) OB E L TOIRIEYI ORAFN. 7S BIEKIZ logf=— 4.348 »» 5 HfRA

WL Calfatn s 1 5.
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(a—1) logé Quartz Microcline Low albite Anorthite Annite
(1) Goethite sat. — 7.497 0.1029 E- 03 0.1109 E- 03 0.8358 E- 04 0.1552 E- 03 0.6118 E-04
(2) Gibbsite sat. — 7.259 0.1778 E- 03 0.1915 E-03 0.1444 E- 03 0.2683 E- 03 0.1057 E- 03
(3) Kaolinite sat. — 6.798 0.5142 E- 03 0.5540 E- 03 0.4175 E- 03 0.7752 E- 03 0.3056 E- 03
(4) Gibbsite disap. — 6.647 0.7359 E- 03 0.7928 E- 03 0.5975 E- 03 0.1109 E- 02 0.4374 E- 03
(5) Quartz sat. — 6.102 0.2563 E- 02 0.2762 E- 02 0.2081 E- 02 0.3865 E- 02 0.1524 E- 02
(6) Microcline sat. — 5.218 — 0.2107 E-01 0.1588 E- 01 0.2948 E- 01 0.1162 E- 01
(7) Montmorillonite sat. — 5.305 — e 0.2421 E-01 0.4495 E- 01 0.1772 E-01
(8) Kaolinite disap. — 4.728 — == 0.4972 E-01 0.9232 E- 01 0.3640 E- 01
(9) Goethite disap. — 4.691 = == 0.5451 E- 01 0.1012 E+ 00 0.3990 E- 01

(a—2) logé Tremolite Gibbsite Goethite Kaolinite
(1) Goethite sat. — 7.497 0.6474 E- 04 =— == ==
(2) Gibbsite sat. — 7.259 0.1118 E- 03 = = =
(3) Kaolinite sat. — 6.798 0.3234 E- 03 —

(4) Gibbsite disap. — 6.647 0.4628 E- 03 0.6174 E- 03 — -—

(5) Quartz Sat. —6.102 0.1612 E- 02 0.6174 E-03 = e

(6) Microcline sat. —5.218 0.1230 E-01 0.6174 E- 03 = i

(1) Montmorillonite sat. — 5.305 0.1875 E-01 0.6174 E-03 =5 ==

(8) Kaolinite disap. — 4.728 0.3851 E- 01 0.6174 E- 03 0.7248 E- 02 0.6126 E-01

(9) Goethite disap. — 4.691 0.4222 E- 01 0.6174 E- 03 0.9228 E- 02 0.6126 E- 01

#1b. RIBCBIZHMOEREP ().
(b) logé Goethite Gibbsite Kaolinite

(1) Goethite sat. — 7.497 — — —
(2) Gibbsite sat. — 7.259 0.3344 E- 04 - -
(3) Kaolinite sat. — 6.798 0.1465 E- 03 0.6174 E- 03 —
(4) Gibbsite disap. — 6.647 0.2202 E- 03 0.6174 E-03 0.1661 E- 02
(5) Quartz Sat. — 6.102 0.7934 E- 03 0.6174 E-03 0.6272 E- 02
(6) Microcline sat. — 5.218 0.6053 E- 02 0.6174 E- 03 0.4787 E-01
(7) Montmorillonite sat. — 5.305 0.9228 E- 02 0.6174 E-03 0.6126 E-01
(8) Kaolinite disap. —4.728 0.9228 E- 02 0.6174 E- 03 0.6126 E- 01
(9) Goethite disap. — 4.691 0.9228 E- 02 0.6174 E- 03 0.6126 E- 01

SN DR - B TThh L&D, EBOEITE
g BEmEE M (8), RIGHE (EfE) % a (cm?,
RIGROEMOEES o, (g-cm™®), ERROEHO
BEEp, (g-cm ™) LFThE, 20 EZOEREHSD
Fx (FEx) 1 (m) i3,

1=M-a !p,7}, (3)

sy, RIBEm WAL, HER, KFRERE) »
SOEENHEBEBE LN S, RB)IKBWTa=10cm®
EARGE LT & & 0Bl @) =X 41TR7,
EowmicB I 2EREMROBE 1, (cm) 3,
=%[P-a~'-p, 7], (4)

LREZ, CITP (8) BIMOEBETH S, LI

Do TR XD, BULKRED S D WL 2 OYERRINE
BOLEEEHT 2 EATREE 5510, RoOH, (F

%@E,

H5VREBEOKXMH AL Bick T 2HREn

(%) BIUkte (C2TRY%) 1T, #hFh,

n=100(1-a—1-a)(1-a) "},

BLU

e=100(1-a—1-a) (Is-a)

(5)

(6)

L1585, £BHEE e, (g-em™®) BIUUBREE
pa (g-cm™) &, zhzEh,

0,=P:17!a

BLU

-2
’

(7)
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) ‘ (pm) =
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“:| GOETHITE +. KQQQINITE ioi i :DIS30LUTION
............ - QUARTZ "+ e S
................ .;nu-;} GOETHITE
GOETH{TE + KAOLINITE g
sof + QUARTZ, + HICROCLINE :
GOETHITE "+ KAGLIMITE .5{
- + QUARTZ + MICROCLINE :
------------ -+ MONTMORILLONITE g
-------- ‘A GOETHITE *, NICROCLINE : GOETHITE + GIEBSITE
100l + QUARTZ ™ g
+ NONTHOPILLONITE h, :
SIS , .......
QUARTZ + MICROCLINE
IS0 + MONTMORILLONITE ~ GOETHITE + GIEBSITE
. + KAOLINITE
Cal| et
200 I [ m— “
GRANITE [ GOETHITE + KAOLINITE
4 vial—vavORERESNE(NE (EmE 10 cm? & = O microprofile)
B B,
d
(pm)O ]
50t . ; ]
100} *,. :
150F ]
200} ] " ] ]
0 oD O T 29 4 0 7 i i
n (%) P. (g-cm-3) Py (g-cm-3)
d
(pm)O
sof /| P ]
100F. | . ]
150t ] L
200} ; ]
107 100 10" 102 100 O: (o) 2 3 a
e (%) w (%) ¢ (J-g7 1K)

XI5

R, wi &KE, BXUc HARE (EE: 5Hs
@ STEP flilic &> < i)

YIial—vYaUvilk 5”{[:%&@5;#0”’5%&5%“: n: Fﬁ[ﬁ?i low: (E/Eg%fg, pd: %ﬁ%fg, [
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pa=P-1,"ta’? (8)
tLTkwonsg, Lih-TtakEw (%) 13,
WZIOOCOW*Dd).Od_I; (9)

L5, LIz L B3R Eo#ITICE bR HIHEBE C
J-g VK™D o®EHig,

c=(w-c,;+100cy) (w+100) ", 10

LE0BLNBY, ZIToBLUc R, FhEN
KB X ORIGEHEBRIOSA (b5 WIdFY) oA
BThd, »IHEEHADHICBT 2MEIHENOE
HIFERZ] 5 IR T,

4. YHEMECERICEYT 3ER

—f iz, MEMRILIER I, OBKD S DlEREEE,
QEMEARIER, @KFERIS T 5050, £ ol
KRS L O HEFOHBE I, BEigtiEsics
F 2 M ERERRAE O AR BA L, EEARER o EEM:
DHERE N TWB, L LEERE v MER¥DSE
T, HEROBRFEEA RO A3 30 P oo,
B7IRIIER D A RN RS B 2 W IR ERRIEE O RFIME A S TH
KEE, PIESTbOEBIZ VY, AFRICB W T
i, Biric kb, WL on DR G OEEE—EIGE
Rz r0k, YENRILRIIZRD, HRESICA
5N BRIBR DB ORI ZETT - 720

(HRYE]

Bk — BRI BT 235N FOEAERD B fodic
13, TMA (Thermo-mechanical Analysis: Z\EHRH
ST BETH B, TMA 13, BEZ icxtd 298
DE%E, FRBHITMEEMA T, REOB#KE L
THES 2BTETH 5, AERICB VL TIE, —ficHh
RICL DT 3582V, 5455 354 mmX
354 mm X 20.00 mm QEGE  (EHO AR S0
5mm) EYIOHiL, &% # 10000FBHIC L » FH
fELicboxhFemE s L' 2,

[(EBE LUHER]

1458 (F2) oL, EBRick i 2EERM%,
®+0—+100 >* 0°C BLUF@- 125 >+ 550 —-
125C &L, CO&M%E 1kico & 5EIRVERL 7o,
HFEMEAE TMA FKEZE it » b L, BREERICXD

#2. TMA EBRCHW 7 H AR & EEIEY.

= it B 5 KW
Rock type Rock—-forming minerals
1. Basalt (XRA)  PL Px, Ol
2. Anaesite (ZlE) Pl, Qtz, Px
3. Rhyolite (fi#C5)  Qtz, Kfs, Pl Bt
4. Tuff (BUKA)  Kfs, Pl, Qtz, Zeo, Gl
5. Dunite (#+4 +) 0l PI
6. Gabbro (FATWE) P, Hb, Px
7. Diorite (B9#%)  PL Qtz, Hb, Kfs
8. Qtz-diorite (f1ZERYKRA) Qtz, Pl Hb, Kfs
9. Granitel (H»ZH5%F1) Qtz, Kfs, Pl, Bt
10. Granite2 (»Z 95452 Qtz, Kfs, Pl, Bt
11. Hornfels (#nxv7:12)Qtz, Bt, Kfs, Pl
12. Sandstone (B#&) Qtz, Pl, Kfs
13. Limestone (HAIKE) Cal
14. Chert (F¥—1F) Qtz

Ol : olivines, Px : pyroxenes, Hb : hornblende, Bt : biotite,
Pl : plagioclases, Kfs : alkali-feldspar, Qtz : quartz, Zeo : zeolites,
Gl : glass, and Cal : calcite.

ARHRED, ZhZTh 0°C BV — 125CIcELEL
FeRER» GIIEZBAIG L oo F - ARRERE % 5°C -
min~!, WE%0.1g, &S HERECBF S H—v

FIFfEZD 10 3 8L U@ 20 57 & L, HREEsRMAEUS &
Rt EBTE, €4 7 —BFLEKE TMA 120
CERV, &0 IRBIR—BINFICB Y 25 H0D%
BRs X ORI O B A ZEE L, RO R
RE (B2, SEM (Scanning Electron Mic-
roscopy: EAMEFEIMB) 1<k 28, XRD (X-
ray Diffraction Analysis: X #2[E#75H7) B & BRL
PAMSEEIC K A DIERE & OF & TIT - 720 78 BEER
FHEBBRREMESR T &b 5D, APRTREAE
IZHE— L7,

MEREFME BITiFEALDERICBV T, FHRIC
L bR, BRUMERICE 25 IEENRD SN
5 (M6a), ZRESFMHOD 1[EIH DRERRICH
%, REBOBESRFEEM T 1087, BIKREERRE,
BRI EIMERSED Sh b, BIKEDRSRICB T %
R, AL LR S ROEECERT 3 EE
ZoNb, BERHQON T S ETIR, BAESHEN
BEshi (X8), MEFMODOAKEICREL T, %
R BfER—2IGEHESE SN (K6b), T,
BIRIT - 7o B 2 EMA (258D DAKED
ERITBV TS, FAESERBED SN0l TG
(Thermogravimetry: Z\ & & il &) —DTA (Dif-
ferential Thermal Analysis: RZEEDHT) 12k, C
ORRMEERET Lo, HBRETHEREZAHTH 5,
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!
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w
o
(3]
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w
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N
(a) =
0~+100C

-125~+550°C

B
® |

@ !

Pore ratio

®
Chert
11. 466

Chert
16996

\
@
Tuff
0.3397
©

Sands
10.5

@
tone
25
@

Granite
16344

1

Sandstone
0.1341

Ho

rnfels
8.978

Sandstone
14711

Rhyolite
0

®

0815

Rhyolite

8.018

Hornfels

12886

®

Andesite

0]

0.0682

Mineral sp.
0~+100°C

o)

Granite 2
7.843

®

®

Granite 2
12286

®

Basalt
0.0332

Quartz

0.36 [

Dunite

7.407

Diorite
12081

Diorite
0.0211

Olivine
0.20

@

N

Rhyolite
11751

Qtz-diori

. 0.0125

te

0.15~0.18

Pyroxenes & Amphibole

®

®

6.814

@
Qtz-diorite
7.157
®

Andesite

©]

Qtz-diorite
11245

®

(€]

Granite 2
0.0036

Albite

Grani

0.14

6.749

te 1

Tuff
/) 10103

®

Limestone

0. 0080

®
Microcline
0.128
®

Gabbro

6.632

@

Dunite
8718

@

Gabb!
0.0f

ro
076

Anorthite
0.12

@

Diorite
6.361

®

Andesite
8403

®

Chert
0.0072

Calcite

0.105 |—

Basalt
5.323

Basalt

7385

®

Granite 1
0.0044

®
Orthoclase
0.049

Limestone
4.299

®

Gabbro
7178

—

Dunite
0.0038

27

(%) (x1076°C"1)

AR BUEERIC K DB SN,
+ 550°C 1T B 2 FEFRIERAEL,

X9

®
Limestone
6139

Hornfels
0.0036

(x107¢°C1)

14 HFD(a) 0 — 100°C 1< B 2 FHEMRIERARE, (b)— 125 —
()RR, 38 & UBEE T 284D 20 — 100°C 12 B 5 (KfER

%19, 12 B(a) DI BT BEIRE I, 64°C HEICB VW TEREROBAEE o cw, Rl
Al L7z, 64°C O & = DIEIRREAETE T L, 10702 £720, 100°C F TTIE 3566 £785, B8
iR, NS VREEEERFEHIOBEDA » o McEB L, &V ORIER A EIEERNE S %
EHOWTRD ONE. AL TIR, SAEBOEELERL, XY A XZ2bTrTORELTS
L EbiT, BEHRELRARICTED 3720, BRERAIE T - 72,

BEROPRIZRR o ZFV, REZHEOB X
U@z k1 5 gk — BRI 2R 1, 4,Ch DO
tzci:j EFTDa Czi,

a=1ly(I,—1) (t,—t) 7, {1y

tLlcEasns, cccly3FEEES, L ItCics
FERRES, BLULEL,CcBI 3R EsTS
%, RINEEETIOMBRELORIEME & i 9 TR
T, —MBROBEEIMTIE, AEDEERXBR S,
Lichi-TaaENRELEAERIIBVW TS, A&
%22 BU RO BRR—BURERHOMEIRKE <,
<7 4y 7% AIKE OBER—BUHERE DfE 13/
S WHEAAFED SNt

5. &

At O EBRBBME L, FTYENB LT
{LEREALER I K s h B, RiZ, LK IRE
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W3, BB VTR, RN LFERERLTTH
N, SEMOYENHEOZALLIMOEEN bz o
b, FcVERRIHE O LI LFRIERIER % (2
I3, LVIBENS—EINTH D, BEEIRMHIRIC
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5, L LEBMET, {LFERIEEIERH & oRBGR%E B
WRD B EHNRETH 5, TDR, T TIRERER
s 3 1 ALERIRYLIER B L CHEERRULIER ©
zhzhicxt LERET o
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Bt H 5 W IdE( LRSS i EEZ 5 T EIER
AJRETH B,

HIBRILFH Y I 2L —v 3 vicld, DITOIRES 5
WAL EAT 37, ()EHEZ (Lo FHiE,
EIRZERREB L U2 ORBICY 2 USEREOZE
b, QALZEHMWEZ(LOFHE, & icE A « B4R
ALK, 3FEF O feco, 551, B & U congruent
R OIGE, )IFHHEZLOFM, & < ITER
(BE D 5 VWIHMEFENRA) LAORAOFE, EhH
FHIWEELOFM, SATOEBRALZETE
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Type |
Recovery

Dunite Hornfels

No recovery (expansion)

Type Il

Ep=-0.33 X10~%—{Ep=-0.35x 107

®
Basalt Chert
Ep=-0.37%10"4}— Ep=0.42x10~*

(O}
Andesite Rhyol ite
Ep=13.0%10% |—Ep=14.7x1074

®

Diorite Granite 1
Ep=20.6%10"* —Ep=23.0x107*

Weatherability: Type | < Typell

Gabbro Sandstone
Ep=1.22Xx1074 Ep=27.0x1074
® ®
Limestone Qtz-diorite
- Type |l Ep=36.7x107%
No recovery (shrinkage) @
Granite 2
Tuff Ep=56.2x107*

Ep=-40.3Xx107*

11 #vRLBEE—2GEERIC L 0B ont S a0y ELREL
AKED Ep SEtEiEh T Wi WERR, $TicXK6bicRLi@y, RIS

R —INRERE BASIE S N fowb,

%3, HETIOEERIK T, RIGEEICH 1 2 BIFRGHK, o

= Lt

Rock type &
1. Basalt —0.370
2. Andesite 1.385
3. Rhyolite 1.595
4. Tuff 5.400
5. Dunite —0.33%
6. Gabbro 0.123
7. Diorite 2.101
8. Qtz—diorite 3.719
9. Granitel 2.315
10. Granite2 5.670
11. Hornfels —0.035
12. Sandstone 3.065

13. Limestone ==
14. Chert 0.415

(x 1079
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%, KR 2 bDIcT 5 2bicid, OZBOHE
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MRKIREVT &, BELNT,
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Development of Techniques for the Utilization of Environmental
Resources and Perspective of Promotion of Research
in the Marginal Land Area

4. Agro—meteorological improvement in arid lands

Taichi MAKI
Marginal Land Research Division. Tropical Agriculture Research Center
Ohwashi, Tsukuba, Ibaraki 305, Japan

Arid and semi-arid lands account for one third of all the lands on earth. Desertifica-
tion is now prevailing and is occasionally linked to the decrease of rainfall due to
climatic change. However, it is mainly linked to adverse human activities, i. e,
excessive cultivation, over-grazing, deforestation and excessive consumption of
water resources.

Wind erosion and agro-meteorological disasters are apt to occur frequently in the
marginal agricultural regions of arid lands. There are various prevention methods
against desertification. A practical prevertion technique is introduced as a case study
of environmental control or meteorological improvement Turpan (China).

Meterological observations related to the improvement of climatic conditions in
arid lands were carried out at the Turpan Desert Research Station, Xinjiang linstitute
of Biology, Pedology and Desert Research located in the northwestern of post China
from 1990 to 1992.

Key words: arid land, windbreaks, meteorological improvement, desert, wind erosion
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Development of Techniques for the Utilization of Environmental
Resources and Perspective of Promotion of Research
in the Marginal Land Area

5. Planning for rangeland conservation in the dry areas using remote sensing

Shigeru TAKAHATA
Department of Grasslands, Tohoku National Agricultural Experiment Station

4, Akahira, Shimo-Kuriyagawa, Morioka, Iwate 020 — 01, Japan

It is estimated that there are about 20 million km? of dry rangelands, where land
deterioration tends to increase. Rangeland conservation should be based on informa-
tion about natural and socio—economic conditions obtained by remote sensing. The
current study which aimed at developing a proper grazing system for sustainable use

of rangelands, was conducted in the northern steppe of Syria as a cooperative

research project between ICARDA and TARC from 1990.

The framework of the grazing system is shown in Fig. 10.

Remote sensing is useful to observe the wide rangelands and to acquire in-

formation for land use analysis.

Key words: rangeland, remote sensing, grazing, conservation, Syria
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Tablel Frequency % Maragha Natural Plot 3 1991 /5/5

0-10m |10-20m |20-30m |[30-40m | 40-50m |50 -60m | 60—70m | 70-80m | 80-90 m
Hordium 100 70 10 20 90 100 100
Bromus 20 10 40
other Gramineae 30 20 10 20 10
Plantago 30 80 30 80 100 90 70 20 40
Carex 60 100 100 100 100 100 80
Compositae 20 20 20 10 10 10 40
Umbelliferae
Allium 10 10
Peganum 20 90 100 80 60 80 90 50 40
Brassicaceae 10 20 40
others 30 10 10 10 10 50

Table 2 Plant Height cm Maragha Natural Plot 3 1991 /5/5

0-10m |10-20m [20-30m |30-40m [40-50m |50-60m [60-70m | 70-80 m | 80 —90 m
Hordium 445 22.9 30.0 26.5 34.2 32.4 23.3
Bromus 30.0 15.0 115
other Gramineae 5.0 6.0 8.0 9.0 9.0
Plantago 4.7 4.6 4.7 5.8 5.5 6.7 8.1 30.5 2.5
Carex 13.8 10.8 9.7 10.8 9.6 11.7 11.8
Compositae 4.0 3.0 4.0 4.0 5.0 6.0 12.3
Umbelliferae
Allium 8.0 22.0
Peganum 335 30.5 27.0 26.8 21.8 22.0 27.2 26.8 29.8
Brassicaceae 10.0 28.0 26.8
others 34.7 4.0 1.0 6.0 7.0 9.4

Table3 Coverage % Maragha Natural Plot 3 1991 /5/5

0-10m |10-20m | 20-30m [30-40m |40-50m | 50-60m [60-70m | 70—80 m | 80 -90 m
Hordium 41.0 9.0 1.0 3.5 26.5 78.0 47.0
Bromus 0.3 0.3 2.0
other Gramineae 2.7 2.0 1.5 1.5 0.2
Plantago 0.7 4.8 1.3 12.0 19.0 20.5 4.5 2.0 2.5
Carex 4.7 7.6 12.5 14.5 10.8 17.0 22.0
Compositae 0.5 0.1 0.5 1.6 0.5 0.1 2.5
Umbelliferae
Allium 0.2 0.5
Peganum 7.0 20.5 26.0 32.0 19.0 34.0 27.5 10.5 11.0
Brassicaceae 0.5 0.6 5.5
others 0.7 0.3 0.1 0.1 0.5 0.7
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Recent Move on International Tropical Forest Research

1. International Tropical Forest Research Cooperation

—dJapan pledges financial and technical contribution—

Satohiko SASAKI
Professor, Faculty of Agriculture. Tokyo University
Yayoi 1-1-1, Bunkyo—ku, Tokyo 113, Japan

The recent move of International Organizations on Tropical Forest Research
cooperation stems from the serious concerns on global environmental issues caused
by large-scale energy consumption and on deterioration of land resources due to the
population expansion pressing the land use development for agriculture and in-
dustries. The awareness on Sustainable Development forced the reexamination of
development investment in the past. The World Bank Project Review in 1988:
"Renewable Resources Management in Development-Lessons from World Bank Ex-
periences in Agriculture and Forestry” pin—-pointed the failure of agricultural invest-
ment and the lack of sufficient development efforts in forestry sector. The deteriora-
tion of tropical forest urged World Bank, FAO and WRI to form and establish TFAP
(Tropical Forestry Action Plan) in 1986. TFAP is expected to formulate country and
regional action plans in the tropical developing countries, which may require the
fund of 1 billion US$ anum and technical project support from more advanced
nations. Japan presently offers US$ 390 000 to TFAP programs, and sent forestry
experts to 7 TFAP country missions.

IPCC (Intergovernmental Panel on Climate Change) working on global warming
issues formed by WMO (World Meteorological Organization) confirmed the im-
portance of forest conservation, particularly of tropical rainforest as a part of the
measures to be taken against global warming. The tropical rainforest absorbes
carbon dioxide, while its poor management due to agricultural development and
shifting cultivation by burning may become a significant source of CO, in the global
atmosphere. The 1980 Survey of tropical forest by FAO/UNEP provides the basal

data on this problem and pointed out that unsustainable commercial logging also
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poses a great problem. For example, Brazil, Indonesia, Colombia, Cote d’ Ivoire,
Thailand and Laos share more than half (1.2 billion tons) of the total evolution of CO,
in the global atmosphere due to tropical deforestation (1.66 billion tons).

FAO started in 1990 the second global survey on tropical forest, by means of
satelites and database analyses, which will be completed in 1992. The Interim Roport
published in 1991 adimitted the underestimation of 1980 Survey on the degree of
deforestation in 62 countries. It estimatied that 16 785 200 ha of forest was lost in 1990.
The annual rate of forest loss is 1.2%. Also, large tropical forest areas have become
fragmented into smaller pieces of forest to accelerate the present rate of deforesta-
tion.

As the measures to control CO, evolution, the introduction of agroforesty to replace
shifting cultivation, improved forest management and logging practices and refor-
estation are being reviewed. The reforestation program is being proposed in the
tropics under the asumption of available land area for reforestation of totally 621
million ha.

Based on the Tropical Timber Trade Agreement adopted in 1983, ITTO (Tropical
Timber Trade Organization) has been established in Yokohama, Japan, and been
greatly contributing not only to international tropical timber trade issues but also to
tropical forest conservation, sustainable development and reforestation. Japan ass-
umes the major donnor to the IITO since its establishment.

While the strengthening TFAP, the support to ITTO programs, both multilateral
and bilateral aid programs and the exploitation of Debt for conservation exchanges
is emphasized, the CGIAR (Consultative Group on International Agricultural Res-
each), which is basically international donnors’ association supporting 13 inter-
national centers of agricultural reseach (IARCs), proposed the integration of forest
and forestry research within its activities, under such recognition that the impacts of
agricultural development to forest conservation is great in tropical developing
countries, that deforestation is being caused by agricultural practices including
shifting cultivation, and that forest is essential for agriculture. CGIAR proposed first
the integration of ICRAF as the Center for agroforestry research and second the
establishment of a new International Institute for Tropical Rainforest Research
possibly in Southeast Asia, which has not been exsisting by now, although each
country of the Region has its own national research center of forestry.

The Australian group was assigned the task of studies on implementing this
proposal and the new research center will be visualized in one of the Southeast Asian
countries not too distant in future. Japan is requested to assume a major donnor, and
Ministry of Foreign Affairs has decided contributing significant resources to the new
center. The key function of this new 'International Tropical Forest Research Center’
is primarily conducting the basic studies on biology, Physiology, ecology of tropical
forest, and the the sustainable management of tropical forest. It should not compete
with national forest research institutions of the Region, but rather should well
coordinate by transfering the results of basic research at international level to the
technical applications in the institutions at national level. Amongst a renge of

research areas, the studies of land use and zoning problems will be of utmost
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importance.
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Since its inauguration, two NGOs of the USA have played an important role in

CGIAR System, The Rockfellor and Ford Foundation. This encourages the potential

Japanese foundations and NGOs that may also join and support this new inter-

national forestry research. The responsibilty of Japan is increasingly high in inter-

national cooperation in forestry research.
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F-1. BEMoRIDICBIY 5 FAO thifj#fiE— 1990 4
Continent Countries Total Land Forest Forest Annual Rate of
Studied Area Area Area Deforest Chages
(No.) 1980 1990 1981 - 1990 1981 - 1990
(1,000 ha) (%)
Africa 15 609,784.2 289,699.0 241,815.3 4,788.4 — 1.7
Latin 32 1,263,637.2 825,865.4 752,967.7 7,289.8 - 0.9
America

Asia 15 891,109.2 334,529.9 287,459.8 4,707.0 —1.2
Total 62 2,764,530.6 1,450,094.3 1,282,242.8 16,785.2 — 1.2

(Interim report on forest resouces assessment 1990 project secretariat note 1990.)
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UNDP (United Nations Development Pro-
gramme)

UNEP (United Nations Environment Pro-
gramme)

UNESCO (United Nations Educationa, Scientific
and Cultural Organization)

UN ESCAP (United Nations Economic and
Social Commission for Asia and the Pacific)

IBRD (World Bank/International Bank for Rec-
onstruction and Development)

ADB (Asian Development Bank)

ITTO (International Tropical Timber Organiza-
tion)

IEA (International Energy Agency)

IPCC (Intergovernmental Panel on Climate

Change)

WMO (World Meteorological Organization)
2) Research Organizations

IUFRO (International Union of Forestry Resea-
rch Organizations)

CGIAR (Consultative Group on International
Agricultural Research)

(FAO)

(IBRD)

(ADB)
3) NGO (Non-government organizations)

WWF (World Wildlife Fund)

PECC (Pacific Economic Cooperation Con-

ference)
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Recent Move on International Tropical Forest Research

2. Ecological trials for regeneration of tropical forests

Akira MIYAWAKI

Professor, Research Center for Environmental Science,

Yokohama National University
Tokiwadai 156, Hodogaya—ku, Yokohama 240, Japan

Regeneration of forests, particularly that for conservation of environment or

national lands, must be undertaken by the ecological recipe based on the potential

vegetation in individual regions. In the tropical forests such as dipterocarp forests in

the South—east Asia, a large number (68 ~ 320 /m? of juvenile seedlings are found on

the forest floors for a certain short period under the dense canopy. These seedlings

mostly die due to the lack of enough light but could be utilized as regeneration

sources in other areas. As it is very difficult to collect seeds at the right time and to

preserve them for a long period, utilization of seedlings in the forest is worth to

consider.

Planting seeds in a high density (300 - 3000 /m? guarantees formation of climax or

its approximate forests in a shorter period than on-going, natural regeneration.
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Recent Move on International Tropical Forest Research
3. Species richness and dynamics of the tropical rain forest, an example of West Sumatra

Mitsuru HOTTA
Professor, Department of Biology, Faculty of Science, Kagoshima University

Kourimoto 1-21-35, Kagoshima 890, Japan

In Mt, Gadut area of Padang, Sumatra Nature Study Project established 6 per-
manent plots for study of tropical rain forest structure and its dynamics, such as the
foot hill plots (Gajabuih, Pinang Pinang, Pinang Pinang Bawah, Pinang Pinang Atas),
the hill plot (Airsirah), and the mountain plot (G. Gadut). This region characterized by
heavy rainfall, annual precipitation reached 6000 — 8000 mm.

Number of tree species of these plots given the richest flora in tropical region; over
300 species in 1 ha Pinang Pinang plot (DBH > 8 cm), and 276 species in narrow 0.33
ha of Pinang Pinang Atas transect (DBH> 5 cm).

This richness caused by:

(1) Multistratum construction of the foot hill forest resulted vertical complexity of
the tree species.

(2) Species distributions depend by topographical gradients and mosaic en-
vironmental factors resulted horizontal complexity of forest structure.

(3) Gap regeneration process of the forest resulted to complexity mosaic dis-
tribution pattern of tree species.

These things will contribute to the richness of species number of the foot hill plots.

These plots have special tree genera. The genus Fugenia (Myrtaceae) and Dios-
pyros (Ebenaceae) have many species in a narrow area of the plots. Species of these
genara closely related and occupied same habitat (under the canopy tree layer).
Twenty-five genera belonging to the family Sapotaceae, Fagaceae, Burseraceae, and
others characterized by this strange speciation group that represented more than
4096 of tree species of the plots.

The tree species that only one tree appears in plots are much too. In Pinang Pinang

Atas transect, for example, 112 species,ca. 2 /5 of 276 species, found only one tree in
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the plot.

Studies about speciation of the various tree groups are necessary for under-

standing of richness in the tropical rain forest.
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#z1 EBEINLT v b ERIAREH

BE B @cmll L) B Gembl B)

Plot & (ha) & (m)
PIN (Pinang? 1.0041 490 -520
PBA (Pinang? Bawah) 0.0880 470
PAT (Pinang? Atas) 0.338 460 - 550
GAJ (Gajabuih) 0.9054  500-595
AIR (Airsirah) 0.0961 1130
GAD (G. Gadut) 0.1 1550

Aug. 1981 304 -
Sept. 1984 39 61
Aug. 1984 173 274
Dec. 1980 248 -
Sept. 1980 69 92
Jan. 1983 60 78
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ZNEND 7oy PIEL - HEBHIcRESN
5, BRELIRAE M BIAEAORE & S EEORIE
PELERINTE, L LAERBAOERNKLE
1, BICHREORZRL S, —EOM T & iIcidE R
THIENTER DI, TNTHEVLDOTIHIZIZ
WHEDOES Kb 2 SGEROAET -4 2155 C
EMTE o, FAMBEFICEIEL 72 0 FEE L 72BiKiE
ZhEEZ LRIV, 20D INOHFMEMR S 2
BITEDRIE S HEE U foo ARG A I — WEARE O FTE
BAR & HBHRET S iy, DR RE 2w 5 1
DI IEAREOEEARZ Db D DI « B SIEH 18
R SR> bD B - 2,

G. GADUT AREA

'ﬁﬁﬁ

RO

SRS
%

1 Ak MEELoRK (1984) ik 3,
#7781y bOMLE: A, Airsirah; G, Gajabuih;
P, Pinang Pinang; GG, G. Gadut
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3. mEFEInr-iEE #or
10 DB T, &7 0y b 2R L TV AR PIN (;1@6;)
300 =
PFFHIAL 7z EXRFIBORIS AR -ZD LEVLE PAT (37) i
FIED b O 10% & 545 21T bR SN ﬁgﬁy
EEPZEIEN O > TX e, ZREND T o 250 |- (5 e GAI (100

PO EDARKEYI OB TR 2 IR L TEL, I
1~7%—=)®PIN 7oy b TREMEER8cm LIE
DOARANEHS 300 A Z, GA] 7o v b TIRPP
DIV E VST 248 FENGEERS Nz, /L PAT T
i, R 037 ~7 ¥ — LB ERVOICREBERS
cm PLETIR274FE, S8cmblbEAE->TATH 173
FHICDIE%, IN53 7oy OO0 X 1I0m DY 7
7oy b EHAE L CHEEIERE 7 5 7t L TA
5 (X2), BAVBHZEELL 7oy NAKEDH A XT
BREHOWIMEE L EZTSRVEIICEA S, T2
DOHIFR D@ TE Y 7 7 o v + OXE T ZFEEOHEM ‘
BRLNEVEADHEY 5, ZhFINEE DL : L e
D TR THEBHERPHELEL TVWE T LD

& 2N 5,

SRR

0 Qg

M2 #HFrUEo3 7oy hOKY T 7oy FEBEMEL

o R R AR
ZHIC LTS PAT TOBEMO A — T DILE LAY PAT 3MEER 5 cm PLE, PIN & GAJ BHEE
HEFELV, ThERSEREScm U Db DERE - % 8cm PLLEOREK, 770y MEK 10X 10m

Thb, ( ) HET 7T 7oy M
Tl MA LICEEEMRZ B -fc & &, Bh5

%2 HrRUEo 7oy rRICSEL FoERTGRINIE

TR PBA PIN PAT GAJ AIR GAD
Eugenia (MYRT) 22(2) 15 11
Ficus (MORA) 18 9 6
Litsea (LAUR) 16(2) 7 11
Lithocarpus (FAGA) 12(2) 11

Elaeocarpus (ELAE)  12(3)
Palaguium (SAPO) 11(D)

0 9 3 3
7 8 1 1
1 6 3 4
2 3 6 2 2
1 0 8 1 1 6
4 6 4 5 2 0
Aglaia (MELI) 11(1) 0 6 6 4 2 0
Mallotus (EUPH) 10 2 3 5 5 1 0
Diospyros (EBEN) 9 1 4 6 4 0 0
Canarium (BRUS) 9 0 5 5 6 2 1
Aporusa (EUPH) 8(1) 0 8 2 3 1 0
Sterculia (STER) 8 1 8 4 4 0 0
Dysoxylum (MELA) 7(D) 2 4 6 3 0 0
Xanthophyllum (POLY) 7 0 4 5 1 1 1
Shorea (DIPT) 7 0 3 4 4 0 0
Memecylon (MELA) 7 0 4 3 3 0 2
Macaranga (EUPH) 7 5 4 5 5 1 1
Quercus (FAGA) 6 0 5 4 4 1 0
Cryptocarya (LAUR) 6 0 3 1 3 1 0
Phoebe (LAUR) 5(1) 0 2 5 1 1 0
Castanopsis (FAGA) 5(D 0 3 1 4 1 0
Knema (MYRI) 5(2) 0 4 4 3 2 0
Nephelium (SAPI) 5 3 5 4 3 0 0
llex (AQUI) 5 1 1 0 1 1 2
Cinnamomum (LAUR) 5 0 2 4 2 2 1
&t 223 30 126 112 103 29 24

ONDEF B AE D ATER 1SR
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AR E TORT - HIIEREC—Elic kM Ea T
BHIZZ D & H BRI HBIT 2D - 7o & & AR
I > TWBEA D, TV F OO ARAEY D
TOEWERERK L ~2 ¥ = VOIES T HAY| B2
ﬁ‘ﬁﬁiéﬁ*ﬁwﬁ*®ﬁﬁéﬂbia®@ﬁﬁ
HE-TWVWAIEARLTVWAHIETH 5, F72, B
HROFM TR S N A2TEER L LTh, 255l
BELEE~ TSS9,

AIR & GAD @ 2 DD EHIO T, B 5 0.1
ANT Y —VDINSTIE T Ty b TH BN, FIETIE 92
B (5cmPlb) #, £/ GADTIZ78% (5cm bl
) PHEILTVWE, ZIkMEE - THTH 01 N2
5 =)D PBA 7u vy bTlE5cm LI LA 61 FE, 8cm
PIFCiR > T 39 FEAGEERS o FB B fl 75 At
FERAE LTV LS N2 S RO E 2
b, FFUTR oL I BEVEREHRFL T2
DTH 5B,

COXIBERICDI BRI EOHEEICEL T
WBDIAH P, H2RITIH MDD 6D 70y
NS S, RSN SEL LS REE &
DTHb, FFIELOFEEELTVWAIDIE 7 FEEE
Eugenia T20f4%2 22 %, TDFEIFPIN 7oy bh
Sl b fEbidiRs N, ST oy MicbHEEL
TW5, 79804 X U8 Ficus 13 18F, 7 2/ +
Blo~< v 9@ Litsea 13 16 f, fic 10E%2 2 5
& DT~ 7N A @ Lithocarpus, =+ + / *J& Ela-
eocarpus, X /NTH 5 V@ Palaquium, €5 Vg
Aglaia, FNITTH A H ¥ 78 Mallotus DERBEH
5o T D 5 FELIEHEBIT 2 BoREKI 223 FHICS
D, HEE500m » 5 600 m ICREINEH T 0 Y
PTR, TRAZENO T 0y MTOHT BT D 40%
PbzbD 2, 315058 EMR cIEF cEN b e
L /DR o WY, = DU 9469 5 AR O
FRENERELTVWAZ b0 %, GHITRIOR
iE 30% HIRITIE 305, % 0 I3EHIC 13409 L 75 O
R (2217 ViR, <3 2R B4 2
&, FRBGERMTHMEL TV 2P OZ < 13
& 1000 m Pl Ekicid, $lARERELLEF LTV
WwWZ itk b,

$/, BTt EnTasasde, Nra vl
@O, PusA YR B4F), TR (287, 7
2/ FF (TMH), v 58 @1, 7 e
26FE), 7HF VR (23F) BEMNE L OFEILNAL
TVW3bDTH b, TNHDE L IFEGHRE 0

LT EH5HDTHEY, REROMEYBLE SN0 5 7 +F}
DEHIO PIN 7o 5 b TR 19, GA] 7o » + T
147, PAT b3 vt7 Micd 8ELIEEN, M
BRI 2 7o B 3 BT & 2w AIR $ GAD
OEi7e y FOEREESIPICEEDbTVWAT E
pEHEh 5,

Wicti< L — v TR ERMRERR T 2RIABETH
57 5 A%RHE, 1TSS N, TR
L — v 7S ORTES S E 1L B OIRAHR E L TIRE
WEBVABDROWERTH 5, T 7 &7 FFH
KRG A PR TRESS DIV T, BT
Hizh O THRL T, K7ay bEb T
FRIE D /NS WEER E B,

TOkHiT, AN Ty b EFRELLA NLIRD
BRI, Ti~v L — v 7REOBEE TOHE S
NI EE, BEETREESET Y 7FRBEL<, 7
FNHEFRBDIEL, oA SRRy 22 FF,
zhicny v YRS EORBEROZ WEREBKTH
BIEMIZ-ED L1,

ZLT, ThRESHOMATEDL, FHodtEo
O RHEEE-> TV BDONE FRIEICE B,

4. BIEELHMOEE

A R UBEOZEIC DF 2 KA, FFHRD E DR
J@aE5»TEBRLTWAEpic>0WTid, HFill GIK,
HRERE) L8R (BER, #&) oOmMifftick > TPIN
7oy b OREEREEE L CE L2 ToORAROKE
PRIESI NI T ET, RADBHOSDITIE - TE T, 35
5 8RHCTIR T 2 RIARDKE 1, £ OHUBICAEE

%@ﬁw@*mbmﬁ%kmw&*if®?«f%
B 5, BEVbOhoEWSDE TOENSEE
b, 2D, TRTOREE AHITLT, fE—
BEREROHAKZH &, MESNIEEHEMES -
FeRR bictRrh L, BEREESOBRIE—EDOHKTH
LOTIENTE S, LTAHW, HFE RS0,
BAICE-TRE) TEic, MEERELTAB L
(X3), zhZhosfllLItkEafEmETbVL
2HDODFET B0 W VRO Swintonia schwenkii
DBATEREF 4 B BBK I3BHE 50 ~ 60 m ITiET 5 A,
T+ 8D < 7N 4@ Lithocarpus, 7 H H v
2 ) 5 V& Castanopsis (W31 & EEK
330m A#Z 32 MLV, 40m P ED D3
BThsL, bmUbloboRB bty v 7T—%

Quercus,
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Swintonia ’ Fagac. Sapotac.
55

50
45

40

35

30

Xanthophyllum Ficus

m_ib

Cleistanthus | Artocarpus | Aporusa

Diospyros

"

—_——

O 50 5

Eugenia Icacmac 1'Myrxst1cac. Sterculia
20 25 0

Urophyllum

M3 REABOBEOSTHOE AT A HIl < $EARUISHERE) ORFER T — 512 X D IEHIER,

¥ Dfifd] Nephelium 2% { OREpFlRs izt v &
vl Meliaceae &, Z@ 7 FBoRIA & FEREIC, 40 m
7 7 ACETICRED, WHEOE—EE> 54, £
NAEREHET THERICZELDRVEDTH 5,

HEIET, 120BELTRE->EBE L 0N
SEga N7 b EEE Eugenia 13, & A &;“@@fﬁ
20m EE0T, TLAOKOEDOAH 0 m icET S
P35, 40m IZE#E L, MEOHE—BEERT 213750 -
tzo 7751 7V F} Sapotaceae % < DJF LA ILEFES
NIcbDTH B, TOREIMII7 P EER/EER
BLTH 5B,

ZOWICKE 255 m»530m 7 52Dy Fh
Z 5%} Icacinaceae, =7 X 7§} Myristicaceae, 7% &
DAET B0, IhoBEE30mPllhiciisl sl
W,

SoiT, TOPMBIAEL, #E20m 27 7 2 TH
AT ZRABIC A + 7 )8 Diospyros, [ThE] D
(Y vF a v 75ED) O Gonystylus forbesii, il b
54 7RO Cleistanthus spp.73d %, 05 134
& 20m P bic#ES 205, MERICBESBVWLEOT
bbb, COEITEFTIRD ) T VIE Durio, 77
Booey s @ Artocarpus (RIEEARIC 1248 E 45 m LU
Fick T3NS B), b5 A 7RO Aporusa,
T A A H v 7@ Mallotus, 7 ) N+ REO 4 ) N
+ |& Barringtonia 73 &:“755‘% Fonko,

Fho, BES20mICELBWNERELH L, T
H1 2B D Urophyllum, b * /~¥F D Xanthophyl-
lum, 7 7RO 4 2 € 78 Ficus (EE— LK LA
IR <), 2 % vBlD Pternandra % Memecylon

KETH B,

INSRVEFN bEER 10 cm Ll ki 5 KK
HObDTHBH, ZOMICEREIOmIZETES
¢, BELEVREVI~10mIcLABLRVT I %
Bowy 3, F Lasianthus ° X F 2 v V& Psycho-
tria 13 & DR S HIKITIZZ 0o

HHARPHEDH 1 @I LT 28R (Swin-
tonia schwenkii, Lithocarpus spp., Quercus spp.,
Castanopsis spp. , Barringtonia spp. , Nephelium
spp., Calophyllum soulattri, 7 % 3H*8, Hv s
YEHEE) OEARIE VTR IR cEWIRE
T, 2QREAEF I HOEFEZANTVS, LT
TORIEIG T 7N FR Swintonia schwenkii O K
SICHAE (V7 85 v F 4 v I?) DIhORPFEL
TLWAEAELH LY, T TOEEHOBHRILTY
BWIEBEF-EDLTVWSE, 5 YT —4% Y Ne
phelium 7 V) R 2 FD & 5 ICRALEY O & 13
DHRMENE DT, BAMEREIDLREES &
ITHb, F¥7 Y (FFED) YA Y NFHOKE
CTEVWRER, RTuzhrEofikozidicLrk
BTV, ThoDMERPHEIEARICE EATE
BEDYA X7 5 200 MERS &, HES5T LN
IBHDONEL T, REZSOPDIVE WS —HH
5 (EER) AfHICREsTniRnT Az (M3
M), Swintonia schwenkii T3KHE 20 m LI 0%
Az s b 30m L EOFERARPCEALLR SN
Dot WITTFRITIRERAD25-30m 7 520
BMEORDN S - EbELTERID BREVED /N
SV b D BEEKBDIEL I > TW e, FUNKIE
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D Calophyllum soulatiri bR EEHZE 8cm LI FD
YIRD A SEMNIDBER S LTV 7z, £ RO ME
BOHc 2 Wi AES v 7T -5 v h v s vRTh
WIARDE IS LS < 130, BHEARPHEARDK
EONICRHONE DL I BHFY IET (BF)
& 2 DRDES, WD 2V IRHEHARNDOER
BRICET 5, IHSORBIARFORREEORMEEZ S
NBEH, ZOEKCOVTIRLLLEDHDL S,

EFICEBOEN S 2 H FILROZHMKIZ, 0%
R L T AR O EITE L 2 BlEciEH T 3 &,
BROZNThORES 5 2EHSEAL TV
EVWAEITH D, TOTER, FNFNOWEICE
FBNEMDE VIS, TNTNOBEERERL TV
R REREDMu] & > DAEPRRY « JERBRI S IR E LTV A T
EILEkBbDTHAI L, ZNIET BIARECRASR
THOEMEE LTI SN EREEDTH A9, By
ORstE A E < Mo L S ORI, HEh S
MR, MRIRIC W 72 2 22 RN SRR ISOLIRBE 2 FEA T L,
N0 ONRERENTHEIG L 2 S BIAB A EAR LT
XD THA,

S olT, WEAPHEIBARDORE, EECX - Tk
SNBF v v TREMRONEREE 2 RRICELE® B,
# & N¥FH Macaranga spp. , T A H Y T¥E Mal-
lotus spp., 4 X Y 7% Ficus spp. DFEIEE, Fv v
IR BT 2 RIARE B AN F il s
5F vy ZTICHB T 2 EAEYIIZ MO TS
B, TOIENELHFNROBEHELRTERRE b5 L
TW3, MAWT &I F » » TEE SN B4
AANFHEA MR TEF v » 7TREBY, RALL
AR b2 DEBRONE, 150K 65% 134
E20mUFORBEARTS 245, F+ v 7B E T
BLTVERXHIcHZT N %, LpL, HAREHIC
ETHOMT B A AN¥ M tanalius ZEHAKRICIZR
LT, FZDLHINBEALERSNLF v T
CHHBIL WS, KEBUES AAKBEESE C 5 L2
ALTL %, FILLSI BRI Y avYa I g
DARAKITTE 5 5E Vernonia arborea THED SN 5,
C ORERAMS AZKNCHEE S hicRic A BT
30, AR E ¥ » » FIC@FIC LR
HNTIEW,

5. MELEDOST
PEIER 7S ARG O TR R, SEBRERIC 3 a4 78

BICEREAEAL, 2O &Itk - TEHREER
MORRBIAE L THEFEL TE KD ICRZ 24, b9
— D DBGLMMROLHIEDHER Y 27 4 & LT, Hl
o TS, FOKDEMPEMESABREZIED
ZLTWB T EERETHDFITRITAIE,

PAT + 5 v &7 FdAEKE370m, 1M14510m ORR
oM REETO7a Y FTHEH, I TEHE
OREYIODGHHIE E ED & 5 ICB# L TV 2 h %
BLk, ARV T, ¥ b1 TR D Schismato-
glottis JBD 4 EONMMPREHTH 505, TN OVEHE
LB L e finsi@w o, TO5E, IR L
W OERIRICIE S, lancifolia 75, Hifi» 5B/ ETIRS.
batoensis & S. rupestris BMESF TR AL, S
calyptrata FNE TR IHBE L7z, %7210 X 10m
DY 7 7oy FEHBAILTOGERS LS. bato-
ensis & S. rupestris FFEI U 7 7o v MICHET S
B, FEPL DEFEET A LEHEE L TIREET S
Lot Eih, HISENTERIC L RIS S
batoensis SN L TWBEM, THNIRELSFHARNTHS
L, COESRBTELr>be YENLNEEET,
ERIC 1 KdH 3 Aglaia sp. DRARICERBF v v F
SNBBIR & 72 - THRNE S, 0L 721 JMthidd
WTWT bIEEIREBIC S > TV BB TH - oo

+ b ERHESIZ Y TIREEL, 457 Ry gy
3V Y ORI A 7 7N aR D% { ORIREEELAKEY)
bILEHE D SR Y TOBBREFICAML TV
78S, Yo <3 VIED Apostasia nuda DryFaEIL
I8 B SRRSO I TTH o 1oe THODEARMED
HEPIE VTN OMIRET, RO ZEniEE
DOFEVZIEOD S, T DOESLFHIESA OJRK I3 H
Blcxtin Uiz HEKNE E FOEHD 7 — v HRK
LTWwa koIl A T,

MRER I D EAREY < BHUZICHIG L 7 sz  ©
FETHS LI SN, KRMEOEYTRES K
A5 b5 A THEOD Cleistanthus sumatranus
BINEMICATE S 2T d 58 C. glandulosus 13
S LERLL EE S E LT d, mfEs b
RAHEDTETIZIE VW, F oA X B v BT 3 EREN I
XN hs, ZD S5 Ficus fistulosa & Ficus sp. (F.
geocarpa BEORE) 3, SEBRICHMT 505, Th
SRTRMEDOF v THTHE LI, A+ / FR&
Diospyros, % 7SV ABRT H A VEH, ThicT 7.3
7 &R OB IIERHRL e s RIER S 543,
CHREROEETHS S, HHVI LI LIFLER
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RHIIE IR OFE L SN B 4 4 NFIE Macaranga
13, SHEERIERS NI, TONMRLT L b IRMKIC
SHEOBFRONTVS EZVWAKY, T TIcHing T &
TH DM, FANFREDOEL ORIZEARMKD IS D/
BERSE vy 723 L9MBTRRIVNLLE, 0O
T o RBHEER I B EEE 0,

PAT b5 v &2 b TR IR EBRIL 712 HARMD
ans, FrEFE» o8& IE B SERE W
IR TSE W EXIR L T Wi e, KA T
FHITED AT & 20 MDEVEHH T 5 ENTEE
motie ENREAREORBIATIYARD SBARIC W
BB TOEAERD 5 b > & b EE L HERHEEM
THHIEILLBONBHNTB Y, ThE &bt
tz, TTITR BT o ST < D 75 B i
B HOWESh ALV 20 d b, TN 5 13T

NE#E SRR O IR (R

BRENSA ERBRITEAZTZOTIREL, b
I OB HET 2 ETH 5,
EEBSREALELUT, BRICGEESNILEVHH
EHNZ T WB PIN & GAJD 2507 vy kI3l
B OZ/DIEd 50, BAEG X UTVw S, L L,
SKFARTHZ EHRD ZE VARSI ENTE
5, Bl GAJ IR EEIcR SN = LD Giron-
niera subaequalis *° Piper aduncum |2, PIN 7o v
PicRRE SNV, 2 LTINS ORkER, GAJ T
DE LR ST B/NERH/D, Toy bOBHTIE
bo L bWETH G NHLTVWE, Dk
HSIHIEREE PIN RSNV, ¥ X80
Mastixia trichotoma 1332 PIN 122 RSN 3 5,
ZONMRBIOTE y hD1/3REEIIHHT B ALK
RO FHEORIE A T L T0W B &5 TH B,

SIESH

e BN /N R GRERD

1.2/3 45 6 7 8 9101

1213

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30|31 32 33 34 35 36 37

Schismatoglottis lancifolia
Schismatoglottis batoensis
Schismatoglottis rupestris

Schismatoglottis calyptrata

O
000000606600
®

O00000OOOOOOOO 0000
® @

Erythrina sp. ®
Helicia robusta ®

Cleistanthus sumatranus ®
Cleistanthus glandulosus

Ficus fistulosa var. O
Ficus sp. 3 (geocarpa gr.) O
Ficus sp. 4 O

Ficus ribes

Ficus schwarzii
Ficus hispida
Ficus sp.

Ficus lepicarpa

0000000 O
O O
O

Mallotus glaberrimus
Mallotus moluccanus

Mallotus paniculatus

® O
O

[OXeXe)l INe)

Anthocephalus chinensis

Dendrocnide stimulans
Piper aduncum
Prerospermum blumeanum
Villebrunea rubescens

Vitex gamosepala ®

Diospyros diepenhorstii
Diospyros sumatrana

Diospyros sp. 1 O (0]
Diospyros sp. 2
Diospyros sp. 3

Diospyrossp.4 _ _ - ___ i R R A O e e

Quercus gemelliflora
Quercus subsericea
Quercus oidocarpa
Quercus sp.
Lithocarpus cf. korthalsii O
Lithocarpus ewyckii

Lithocarpus sp. _ ______ | SN U SR QQ. .. @) Q

Shorea lepidota
Shorea maxiwelliana
Shorea retinodes
Shorea sp.
Parashoreac. lucida ____ f_
Macaranga deepenhorstii
Macaranga hypoleuca ®
Macaranga pruinosa
Macaranga tanarius [ ]

Macaranga triloba ( X ) [ ]

X4 Pinang Pinang Atas Transect TOMKRYIN CRBFEOH 77 0w b O N
K (Schismatoglottis|@) T2 FAFLIZILE D S BRI, Biud & 0 Wi LIE A o i i 2 fi,
AARTIREILZEAKRD 2 WO id 0 U canic, BALE & R0 7IGINC B4 2,
BARIZY 770 v M 6D H 5o (KRB O IR ORI IZ1970FER OB I ZIRTER KRS Wi
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AR TORMYI DT & TP TIRE/KE ORI
W, &7 A AMRPIRREHIM & O o 7o RER 18
BFILOWVWTIE, HE3EEDTF -y BERBIATVS
M, TRBBOHRMKDIS D TOWIZEVIT OV T
FEARHDBEBEZ O, EHFA ZIROENSEBRBOED
w, BirZMMOBAEOZHEICHES L TWaiEA
HTERHEETELY, SSEHLVLF—FDBUET
H 5,

6. FRMALIET
— SEHORHEH 50N

N F—Hich 300 FAEMA 513 EORDE M
Wi b e Rl oFoht, shzhoRizs
DEHIBEEXELTVWBDEA S I, Bt i
I2h BFRE, ERREI ARG (BEfE) &y

JIRCAS HFFE 5% No. 2 (1994)

JHRISREREE VWS “HOSKEEEZ > TV 5 H

5, TIREHOENEZ L EBHZZOTEREL
PEEZTRVWAEDTHEY, TNTREDISITL
TENENOMEIFEFEELHER L TV 00, Lk
ANBEEERCRES L > TV EDOPIT DWW TERE
A Lim#EERA TH LI,

% 31T, PIN, PAT, ZNICGAJ D3 7o v M
F5 7oy bFREROSEEBIOAY ELEIH
i) &, FABMEPOMA (RESERE 8 cm ZE#EL oAk
¥ LT OARE, MAE, FHLTE, THhITMAL»S
FUAREAERU BN L 728, HinksEEnTH
2o TNRENZT OO THAARED 20 AL
OHEFTHY, EER20ALTONEHDIES A
ZVWDTHBD, TODXH M HDOTIHMBRINSEH N
R&EL 125,

ZOXRPHE, HEHTEOMARLRTRIIKE

&3 HENEP OISR T L OFHIA, KB XUHEM (REO
PIN, PAT, GA] @371y b; FHEAM 20 AL LOEE 2 3EDS,

I /7 25 AE OMABL IMAER ECHE SRR g s
Castanopsis spp. FAGA 21 5 23.8 0 0 5 23.8
Durio spp. BOMB 24 2 8.3 3 12.5 -1 — 4.2
Knema spp. MIRI 25 3 12.0 3 12.0 0 0.0
Hopea spp. DIPT 25 2 8.0 2 8.0 0 0.0
Quercus spp. FAGA 26 6 23.1 3 11.5 3 11.5
Urophyllum macrophyllum RUBI 26 4 15.4 7 26.9 -3 — 115
Gonystylus spp. THYM 28 2 7.1 1 3.6 1 3.6
Aporusa spp. EUPH 29 15 51.7 0 0 15 51.7
Mastixia trichotoma CORN 29 3 10.3 1 3.4 2 6.9
Pithecellobium spp. LEGU 29 6 20.7 10 34.5 —4 — 138
Aglaia spp. MELI 32 6 18.8 2 6.3 4 12.5
Canarium spp. BURS 34 4 11.8 2 5.9 2 5.9
Grewia florida TILL 36 10 27.8 2 5.6 8 22.2
Dysoxylum spp. MELI 37 3 8.1 3 8.1 0 0.0
Diospyros spp. EBEN 38 9 23.7 1 2.6 8 21.1
Sterculia spp. STEDR 38 9 23.7 2 5.3 7 18.4
Swintonia schwenkii ANAC 43 12 279 3 7.0 9 20.9
Styrax spp. STYR 45 12 26.7 6 13.3 6 13.3
Dendrocnide stimulans URTI 50 10 20.0 11 22.0 -1 — 20
Shorea spp. DIPT 56 20 35.7 2 3.6 18 32.1
Palaquium cf. hexandrum SAPO 58 8 13.8 4 6.9 4 6.9
Lithocarpus spp. FAGA 58 7 12.1 15 25.9 -8 — 13.8
Nephelium spp. SAPI 60 13 21.7 1 1.7 12 20.0
Litsea spp. LAUR 64 20 31.3 5 7.8 15 23.4
Cleistanthus spp. EUPH 69 12 17.4 2 2.9 10 14.5
Mallotus spp. EUPH 69 12 174 13 18.8 —1 — 14
Villebrunea rubescens URTI 75 18 24.0 8 10.7 10 133
Macaranga spp. EUPH 84 21 25.0 13 15.5 8 9.5
Ficus spp. MORA 112 27 24.1 24 21.4 3 2.7
FEugenia spp. MYRT 129 19 14.7 14 10.9 5 3.9
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CHERE->TVB I EMFARNG, b 54 THEOD
Aporusa J& \ZFHMARIL 50% =8z, FHEHRLG
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