Tt can be considered thal. the stands selectively cut contain giant

. trees of non-commercial species and that the crown composition wmay

- bécome unbalanced after selection cutting. ‘It is necessary to

inﬁestigate the changé of diamefer growth with the lapse of years,
viz. to prepare the site index concerned with the species comppsi—
tion, tree height and breast height diameter. Based on the
reseaych, it will be necessary to establish detailed ruleszfof
working according to the site index and the rotation,;with écologi,
cal consideration made, in the adoption of the TPI (Indonesian

Selection Cutting System} .

(5) Damage to succeeding trees by logging

i.

1)

Sebulu
Stand selectively cut immediately before

To see the growing state of the'succeéding trees of 10 cm o, more
in breast height diameter, a plot of 10 m ¥ 10 nwas set at a
place {rig. 30, A-2) apart from cut ilrees in the surveyed loca-
tion of Fig, 22, Tor investigation. BAs a”résult, as shown in
Figs, 31 and 32, 1,000 living trees were observed per ha., They
were 15 to 33 m in tree height and 11 to 44 cm in breast height
diameter; The number of trees of commercial species was 1 in the
plot area, which means only 100 per ha. Daﬁage to the.stemsf

caused by logging was not observed,

Then, to see the growing state of the succeeding trees of 5 to 19
cm in breast height diawmeter, four plots of 10X 10 m each were
set at a place (A-1) less damaged by logging in Fig., 30, for
investigation, BAs a result, the number of living trees per ha
were 575 as shown in Table 18, and they were 3 to 20 m in tree
height. ©f them, the number of trees of commercial species pér
ha were 125. Of the total number of living trees, 375 trees were
danaged per ha, accounting for 45% of the whole, Most of the

damage was the breaking of stem and tree top.
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Furthermore, four plots of 5 X 5 m each were set at each of the
3 places (Fig. 30, A-1, B-1 and C-1}. The results of the
investigatibns'are shown in Table 19 and Fig. 33, At ?ladé A
reépectively.two.trees gréw.per 25w’ in 3'plot5. They Qerg 6 to
15 m in tree height and & to 9 om in breast height diameter.: No
damage was observed.at all. At place B, 1 and 2 trees grew res-
pectively in two plols dut of four plots. @hey_were 6 to B min
tree height and 5 to 7 cm in breast height diameter. No damage
was observed at all either in this place. At place C, 6 and 3
trees grew respectively in twe-plots ocut of four plots. They
were 5 to 15 m in tree height and 5 to 18 cm in breast height

diameter. No damage was obhserved either.

In the sut§eyed location of Fig. 27, furthemmore, 16 plots of 25
m® were set similarly at the center (Fig. 30, B) in.fhe loggiﬁg
road surmised to have been damaged most heavily: The results of
the investigation are ‘shown in Table 20, The number of living
trees were 51 per 400 m®, viz. 1,275 per ha. They were 3 to 24 m
in tree height and 2 to 31 cm in breast height diameter. The
damaged coditions of these forest trees are shown in Tables 8 to
12, The damage included the debarking of stem or base, stem
breaking or branch breaking by félling, and the debarking of base
by'log skidding as the maln phenomena. The number of trees of
commercial species were 4 per 400 m?, viz. 100 per ha. Of them,
three trees (75%) had been damaged by way of debarking, stem
breaking, branch breaking, etc, during felling,

Then, 16 plots of 25 m” were set at a place (Fig. 30, C) where
cut trees remained, not béing carried out in the surveyed loca-
tion. The results are shown in Table 21, The number of living
trees were 61 per 400 w?, viz. 1,525 per ha. They were 3 to 14 m
in tree height and 2 to 4 cm in breast height diameter.  These
trees were damaged by way of stem bending, stem debarking, crown

breaking, branch breaking, stem breaking, etc., and the rate of
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¥ | Botanteal nane D«B+H | Trees height Note

1 .’L_l_t_gs_e‘é_i sp- 2. 5cn 28 m

2 | Shorea ovalis 38.0 100 % 100 m Quadrat ¥ LO
3 | Sentiria sp- 14.0

4 { Baccaurea sp. | 100

5| Polyalthia sp. | 13.0

6 [ Polyalthia sp- 13.5 18

7 | Bugenia sp- 27.0 21

8 Litsea sp- 26.0 31

9 | Bugenia . sp - 44. 0 33 100 X 100 m Quoadrat ML 2
10| Parinari sp - 15.0 26 |

0 :

Fig. 31 Succeeding trees in a stand selectively cut immediately

Commercial tree speciles

hefore in Sebulu

~195-




W

[z
\\/ NS

i
B
LT

} 6 7 [T 10 m

Fig. 32 Succeeding trees in a stand selectively cut immediately
before in Sebulu
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Table 18 Succeeding treés in a stand selectively cut immediately
before in Sebulu
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F—;—m Species Height- (ilcleant-h bBH CrQ\\vt:‘ Size fv} |Kind of damage Notes
oPe () P w | 1]z s J4)a|BJFC]D
- Section 1
1 | Cryptocaria sp n 19 desd tres
2 | Hopea sp 19 12 ne | crown stem break |down O
3 | Phoebe sp 6 6 no | Crown top break downl
4 i&m ap 12 14 no | crown stem break [ down
5 | Antidesma sp 1 7 no | crown be'riding} l
¢ | Eusideroxilon 12 10 |10[30 25 |20 0
7 | Girosirs ap 3. 6 o |crown | | brenk, dowr|ameter from
| | Section 2 : |
8 | Litges sp 12 8 -~ — |32 {1.5 | Branch | break down
9 | Shorea ovalis 17 9 12|20 [20 [15 | Tep branch break down O
10 | Cryptocaris sp 20 17 120 |30 |24 |15 | (A damaeni? meter  from
Section 3 i | j 1
11 | Monocarpia sp 12 . 8 20 — | — | — | top crown |break dowm
12 | Eugenia sp 18 12 —]30)28 |— ] top crown jbreak down
13 | Enema sp 19 13 |15|10fLetLs
14 E&nﬂ sp 16 8 —lzoj20 | — l
15 | Shorea ovalis 18 . 17 no | crown fall down O
16 | Eugeuia sp 20 19 no | crown | fall down
17 | Actinodaphne sp 19 12 |20[30j2030] | |
Section 4 ] . ] 1 _
18 | Eugenia sp 16 12 ~|30f{20f25 'IIJ‘r?Fk CJI%}?Qng"E“Iﬁ. (fig:;g
19 | Polyal thia sp 17 18 15) 2018 EONC |
20 | Glocidion .sp 17 3.0 —] — 1} — ! Bending
2t | Xanthephyllum sp 14 18 no | crown stem break| down
22 @:d sp 13 9 fallen Lree
23 | Shorea lacvis 15 '8 | fallen tree J l o
0: Commercial t;r.ee species




Table 19 Succeeding trees in a stand selectlvely cut inmediately
hefore in Sebulu. : '

A : Hﬁgﬁ Cwnr DBH | Crown Size(m) {Kind of damage
w Gpecies : - length ; Notes |
S () (m) @ |1 |2 f3 |44asjc D :
A | Plot 1 ' BN :
1 Canerium ap - 7.5 : 8.0 U (U UUE -
2 |Stercuiin op. 4.0 12 %0 - - - - _
Seetion 2 .
3 [ Roodamin sp - © 6.8 5.0 8.5 =11 - -
4 Cryptocaria  sp 10.0 7.0 6.5 e -
Section 3
5 Litsen sp- 15.0 7.0 7.0 — == I~ -
& Mallotus echinatus 7.0 4.0 8.5 [ N R —
Section 4
emply : emptly
B | Plotl | 1
CEMPTY [ EMPTY
Section 2 ’ !
EMPTY- EMPTY
Seclion_3
1 Actinodaphne ép' 6.0 4.0 50| — — == |- —
Section ¢
2 'Eonot;arpia'sp_. 80 6.5 770 . e —~
|3 Bugenin  sp - ' 70 50 7.0 =11 -
C Plot 1
1 %ﬁﬁ%& macro— - 7.0 5.0 1.0 . - == 3 -
2 | Dilienia sp 15.0 12.0 12.0 —-1—1]-1- -
3 P Eugenia sp. 12.0 8.0 1.0 _— g~ —
4 | Sindora  sp 50 40 50 ' I N -
5 | Dacryodes sp 7.0 6.0 6.0 U S N -
6 | Comrinm  sp . 150 14.0 7.0 — =~ |- -
Plot 2
EMPTY - EMPTY
Ploi 3
? | Etlipanthus  sp 7.0 50 80
Santirla sp. 14.0 1.0 12.0 —~ |- 1-- -
9 | Santiria sp. no | 80 12.0 - |=1=1- -
| Plot 4
EMPTY . EMPTY
Notes 1 A~ Vine plants —
B~ Fungi
C— Tnsects

D= Clear bole
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G

Fig. 33 BSucceeding trees in a stand selectively cut immediately
before in Sebulu '
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Cgable 20  Growing -and damaged conditions of succeeding trees

Species Height | Clear DB | Crown Size(m | Kind of damage _
25 Y Teprth Note
Section | (m) ??n) (cm) 1 {2 3] e}fA ! Bl C I D
Ochanostachy ~sp 24 20 - 12 [3 Branch damlage
Mongcarpis -sp 12 13 2 -3 |- Topl'c'rown break down
Shorea leprasula 11 - 6 1 |1 |- | t2] Bark damage |3.0 above grownd O
- Dillenia  sp . 14 2.5|=1 | es{02]| — | Crown: damge '
Antitesma ap S 9 ~ |4 =1 =
Seetion 2 . .
Levistonia sp =~ |* 8 | = | || | Shoum and ek damage 1 m
Litsea sp 23 ' 19 S O R A
Budiandre  sp. . 2 17 3.3 |—|2
Myristica sp 17 8 12i 2l
Sindera ap - n vz 14
Rbiedamiz sp * 13 9 05|16 2 |1
Section 3 o )
Shorea. laevis 21 31 - =-i-1- Broken stem ) O
Madhuca sp - 13- 11 1 1.2 |11.5(2 . |
Shorea- laevis 21 17 2 2 10.5{25| Top} break down ) O
Cryptocaris  sp 21 14 23| 28110 — { Top| break down
Section .4 : B - [ -
Polyalthia sp o : 11 ~— | = f— |~ | Broken | stem.
Polynlthia sp 22 15 3 |15)28]3 | ‘
Section 5
Cryptocaria sp ' 21 H — |2 |~ | — | Top break dawn
Goniothalamua ap 3 12 — |~ {— 1} — | Stem brecak
Monocurpia sp 3 2 - |= =1~ | Stem break
Aglaia sp 11 5 | —|]—]—]—]Stem break
Section 6 |
Knema sp . 8 35| —f— 1= |~ { Bending
Antidesma  sp 7 ’ 25 —f—{—|—
24 { Section 7
24 | Strombosia sp 6
25 | Rhedamia sp 7 Stem bresk{ down
26 | Mallotus sp 4 Stem break] down
Section 8
27 | Rhodamia . sp 6




Crown S ize(m)

Riod of damage

O:fommercial ‘tree species

-201-

P Helght | Clear DBH. .
e >prcies any | OER ) o TTTRTE e A B oD | N
a8 | Cryptocaria sp 6 2 “T-1~=1- i i
[ Section 9 Bendid
29 w}le;ilien-a sp ? 24 I R R L::'t:li‘gg by |big  braoch
30 | Mallotus - sp . 7 2. e e R
31 | Mallotus' sp 6 2| =t~ |~ |- |Branch [damage -
32 | Mallonis. sp 3 2 R RNV QG
Section 10 .
31 | Afirlettin sp 6 2 =~
34 |'Maliotus sp’ 3 2 —_ -] -]~
~ | Section 11
35 | Aporosa sp 6 25— |—=|-|-
36 | Xantophyllam sp 1n 45 ~i—-1—-1-
37 -Xa.n[o;ﬂ_vl lom ap & 3 -~ -
Seclion 12. o :
33 | Baccatrea sp 7 25 | — }— | = |~ iLeaned [by {Small Log
39 | Millétiiz sp & 25 0 — | ~ = | = [—w— 1 -
40 | Carallia sp 5 20 —]—1 -1~ —_:o? -
41 | Bugenis sp 4 2.0 - |[—1] < |- [Broken [stem
Section 13 ] i i
4z | Tdgmh sp 4.5 20— =] = [= [Broken [stem
43 .| Bugenia -gp 13 L T e e :
44 | Shorea ovalis 1.5 45| == —|- o
- .
Section 14
45 { Santiria sp 7.5 ‘2.5 —=.| =] —=1— {Top break [down
45 | Antidesnta . sp 7 3.0 e e R
47 | Mallotys sp 14 7.0 — -] =1-
Section 15 1
a8 | Trioma  sp 6 5.5 — -t =1-
49 | Ardisia  sp- [ 3.0 -l =] ~-1-
: Section 16 :
50 | Giromdera "sp 6 2:0 o N
El Maligtus sp 7 3 - =3 =1




damage reached 79% of the whole. The nunber of trees of commer-
cial epecies was large, 550 per.ha, but 77% of them were daméged
bg'way_of stem breaking, stem bending; stem debarking, branch f
breakiﬁq, ste. ' .e.. ' -g
.As for the production of large diameter trees of Dipteroca#pe—ﬂ

ceaa, the possibility of successful planting in a clearrcut er%a
is still not so large, Therefore, no other method can be con-!

sidered than the present selection cutting method to promote the

regeneration of succeeding trees for culture, or enrichment

planting such as undergrowth.

Many of the virgin forests are stipulated to be cut accordin'g' ’:co
the TPI system. It has been clarified that the succeeding tfees'
which have been regenerated and are being grown as expected are
being damaged by cutting, in this case. Since the felled trees
were 20 to 40 m in tree height and 20 to 40 m in crown Wldthj the
succeeding trees were. ohserved to have been broken or bent at A
stem or debarked at stem or base in a very wide area (Photos 9 to
14}, 1In addition, it is said that once damaged, the trees may .
have their deterioration or death promoted by the climatic cqndi—
tions of high temperature and high humidity. Therefore, it fiust
be recognized: that when large diameter trees are cut and darried
out in a compound storied forest, the stand may be damaged in- -

meshes.

Moreover it is widély known in the world that the piessure of the
wheels of yarding tractors and disturbed soil seriously affect
the growth of sueceeding trees, Tropical rain forests are poor
in the physicochemicai properties of soil and can store less
nutrients in thelr soils. These matters must be seriously con-

sidered.

=202~



Takle 21 Damage to succeeding trees in a_stahd selectively
cut immediately before in Sebulu :

B Suceis Height [ Clear. | DBH- | Crown Size(m) | Kind of dainage | .

e e oy | Y G TT E] 3 AL E]CTD Notes
SECTION "1 - ' - '

1 | Qlocidion  sp C7 2.5

2 | Tkurlcoma - 3 2.5

3 | Shoréa leprosula 6. 2.0 O
“Scction 2 : LI I

4 | Eugenin  sp 3 15 - Top. - break " |down

5 | Shores leprosuja - b 4.0 R 1 O

6 | Shorea laeyvis § 4.0 ] O

- Section 3 .

7 | Aglain ‘sp- 7 3.0 :

8 { Urophylum $p 9 351 1 B.ﬁn(ﬁng' HE .

9 | Hopea sp 12 4.0 Top_ breaidng down O

10 | Hopea sp 8 3.5 .Top 'bilakin‘g “down o
SECTION 4 . o I ‘- ]

11 | Shorea ovalis 10 4.0 Stom break!down ne  Cown

12 Q_l_@p_uﬂ sp 3 2.5 Bark damage 2m- from grround

14} Litses sp 8 2.5 1 : |
SETION 5 . : |

15 | Shorea -leprosufa 11 3.0 Bending | e

16 | Shores sp T4 5.0 Bending
SECTION & 1

17 | Shorea sp 12 4.0 Bark damagetd m above ground O

18 | Bhodamin sp 11 2.5 Bark damage 3 M above groumd branch damage

19 | Antidesma g 2. Burk damage, Bending Top crown bresk down
SECTION 7 - T [T

20 | Milletia. sp 8 25 Bending

21 | Glocidien 10 2.0 ‘Bending

22 | Nephelium 3p. 11 3.5 Bending

23 | Shores sp 12 S5 Bending
"SECTION 8 T

24 | Glocidion sp 11 3.0 Crown  damage

25 | Shorea " sp 12 3.0 . Crown da;mﬁgel

26 | Actinodaphne. 13 4.0 '

27 | Mallows echinatus 7. 2.0

"} SECTION g 7l T T

28 { Milletia sp 1 - 2.5 Crown damage . Bending

29 | Glocidion 13 4.0 1T ' b

30 I Aporosa ' sp .11 35 }%ark dam'a_.ge_ 7m fabﬂvi grloun(l
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. Height Clear DBII Crown Size(m)} |Kind of damage Not
Na Species () lgﬁw Cea) i PO I RPN IR I PR otes
SECTION 9
31 | Milletia  sp i1 2.5 | Top crown {damage Bending
32 | Glocidion 'sp 13 4.0 |
33 | Litsea sp 11 3.0 | Bending
34 | Shorea ovalis 10 3.0 | o
| SECTION 10 |
35 | Baccaurea sp 11 4.0 | Crown damage
36 | Glocidion "sp 14 4.0 | Bending| |
37 | Aporosa  sp 11 3.5 | Bark damoge M abive grouwn
SECTION 11 T v 1T 17 T
38 § Hopea sp 9 4.0 | Top crown break down bark damage urder crown(;
39 | Shorea laevis o sof | | o
40 | Glocidion 1 4.0 | Top crown |break down
41 | Rheomonium ap ? 13 3.0 | branch damage
SECTION 12 |
42 { Rhemonmm 'sp? 4 3.5 | Bending
43 | Glocidion sp 11 2.5 { Bending
SECTION 13
44 | Shorea smilhiana 12 4.0 | Branch |damage o
45 Shoren  smithiana 13 3.5 | Exellent O
46 | Shorea lcavifolia 10 2.5 | Bxellent Q
47 | Aglaia sp 9 2.0 ~
48 | Shorea .leavis 9 3.0 | Bending o
49 | Shorea leavis n 3.0 [ Bending’ O
SECTION 14 1 ,
50 | Shorea laevis 14 3.0 | Fall down O
51 | Shorea laevis 12 3.0 | Fall O
52 | Shorea laevis 1 3.5 | Fall 0
53 | Eugenia sp 12 4.0 | Branch | damage ’
54 | Camarjum sp 15 4.0 | Branch | damage
SECTION 15 S
55 | Aporosas sp 11 3.5 | Excellent
5 { Strombosia sp 14 4.0 | Excellent
57 | Milletin sp 12 4.0 | Excellent
58 | Osteris sp n 2.5 | Crown damage
SECTION 16 —t
59 { Lilses sp 10 3.5 | Excellent
80 | Iodenron sp 1 4.0 { Branch - damage
61 | Rhodamnia sp 11 2.0 Stem breakl down
O Commercial tree species
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Photo ¢ Damage to a succeeding tree by a felled tree

Photo 10 A succeeding tree was broken by a felled tree
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Photo 11 Succeeding trees were Photo 12 A succeeding tree was
debarked at stem by a deparked at base by a
felled tree felled tree

Photo 13 A succeeding tree was Photo 14 A succeeding tree was
broken by a felled tree debarked by logging
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For the above reasons, it is required of the researchers to mini-
mize the damage caused to succeeding trees by felling and logging,
in executing the TPI system. In more details, it_ié neceééary

for example to set Qlots_hy.the guadrate method in a virgin

'forest, for investigating all the forést trees, to test the

~ influences by various methods of felling and logging, to examine

how .damage is caused by the belt transect method, etc., and to .
researqh'into the process of growth of damaged trees, Further-

more, it is necessary to prepare data for establishing detailed

. rules for working, suitable fof each stand by testing the res-

pective sites.

(6} Reqeneration, flourishing and vanishing of'saplings

i.

1}

Sebhulu

Virgin. forest

In the large. virgin forest shown in Figs. 18 and 19, a plot of
5 m X 5 mwas set in November, 1980, to investigate_the'species,
breast hejght diameters and the number of trées. As for the

trees of 2 to 4 cm in breast height diameter, the results are

shown in Table 22,

The number of living trees were 8,400 per ha. The minimun tree

height was 2.5 m, and the maximum valﬁe, 8 m, No damaged tree
was observed.at all. Of them,-the'number of trees Of.commercial

species was 1,200, accounting for 14% of the whole.

Similarly, a plot of 1 m X 10 m was set, to investigate the'growé
ing'staﬁes of trees of 2 om or less in breast height diame ter,

The results are shown in Table 24,

The number of trees per ha.wére 75,000. The minimum'tiee héighﬁ
was 0.2 m, and the maximuwa value, 3.5 m,  As for vitality, 24% of
the whole was low, 33,3%, mediqm, and 42.7%, high. The number of
trees of commercial 5pecies'ﬁere 14,000, accounting for 18.7% of
the whole, BAs for fhe vitality of commercial species, 57.1% waé

high,_35.7‘ medium, .and 7,1%, low,
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Pable 22 Growing states of small :diameter trees in
a virgin forest in Sébulu

: Height | Clear | DBH | Crown Size (m).| Kind of damage | B
Na Species - {length - 4 Notes
o () (m (em) {1 2} 8] 4 ]A|B|C|D
Section 1 '
1 | Diospyros sp. | 4.0 20 | N o 5
2 Artocarpus sp. _ 5 0 tl:. o
3 igg& sp, . 4.5 2.0
4 | Durio  sp, . 4.0 2.0
5| Uropbylun sp. 7.0 5.0
Section 2
6 | Momocarshia so. | 39 2.5
7 { Myristica sp. 25 2.0
8 _,a}hporo'sa Csp, B.O | 3.0
9 Shl.oro.phylum sp. '. 4.5 3.0
10 Baccauréaﬁ sp. 35 2.0
11 Mallotuf,_ sp. 3.5 2.0
Section 3
12 _§gt_)}§doc:irpus sp, 9.5 . 4. 0
13 | Caralia sp, | 4.5 | 2.5
14 | Ardicia ¢ -1 3.0 . 2.0
15 Shoréa leprosula 4.0 o 2.0 B O
16 | Myristica sp. 4.6 3.0
17 Em——f—r’?l‘m 4.0 I 20 _ .
" Section 4 l
18 | Litsea sp. 1 7o 40
19 | Eugenia  sp, ' 8.0 2 5
20 | Nepholium sp. B R
21 Cx’-yp.t.oca.ria '5p._ go| 4.0

Notes I A-—-Vinc plants, B—Fungi, C—Insects, D—Clear bole

O : Commercial tree species
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Table 23 Growing states of species in a virgin forest in Sebulu

[ BT T v B B I T T

fuk e e i
P S

G b L0 o) &Y Gt L L Do B DY Ry DN RS OB DD B] e e s
S =1 O N B W R D W N oD R W N D o N ]

DBH

Vitality

- .
o

S ‘Height | o
Spéqtes ew) (ca) 2 o Not.es.
Section 1 ' _ .
Eusideroxylon’ zwageri - 230 A+ e
Eusidgrokyioﬁ ;\;_aé;; 240 . + O
Ellipanthus  sp,_ B .350 +
Crypb_;:ﬁ::;“i;' 8D, 100 . =+
Pandamus 6P, 130 +
Pandanus = sp, 135 -+
Pandanus sp, - 120 + o
Pandanus  sp, 120 T+
,Pa_ndanué 8P, 140" + -
Pandanus . sp, 160
Pandanus sp, 85 +
fj\mia:ms 8P, 115 +
Pandamns  sp - 115 +
Pandanus “sp, : 140 +
' Fusideroxylon - zwageri: 90 ' +
Urophy lum si:)_' 50 + ©
Milletia sp, 170 4 :
Shorea laevis 25 +
Dillenia sp, 25 +
Litsea sp, 30 +
Eugenia .sp_ 28 +
Litsea sp. 35 '
Pandauus  sp- 108
Pandanus sp. - 140 + _
Eusideroxylon zwageri 200 -+ @]
Pandanus sp, B o 168 +
Eusideroxylon zwaperi; 80 + O
_ Scorodocarpus _s;:mu_ 30 +
Milletia sp. 35 o+
P&@g sp. . 20 +
Hospeldia sp - 24 +
Eugonia  sp, 30 |
Euécnia 8p. .35
Eugenia sp, 70 + =
Eugenia  sp, 80 -t
Honastales sp. ! 30 +
Eus‘ide-roxy_lon :zwageri 35 +-
Papdanus * sp 78 +. &
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N S peaios DBH | Height. Vitality Notes
' _ {cm) {cm) 1 2 3 '
39 | Baccaurea sp- 56 +.
40 | Milletia sp 75 +
41 | Qarcinia  sp 80 + _
. 42 | Mallotus echinatus 40 +
43 | Gironira sp 55 +
44 | Qironira  sp 65 + ' _
45 Eusiderexylon zwageri 48 + o
46 | Polyalthia sp 60 ot '
Section 2
47 | Eusideroxylon . zwageri . 40 -+ O
48 Busideroxylon zwageri - 43 - 4 O
49 | Eusideroxylon zwageri 100 + Q
50 | Eusideroxylon zwageri 40 - O
51 Mallotus sp 80 + .
52 Baceauria sp 170 ' +
53 | Mallotus sp 168 +
54 Chlorodiciodendron sp 5% +
55 Endospernum 40 +
56 | Qarcinin -sp ? 60 +
o7 Mallotus echinatus 67 +
58 | Ixora sp_rr_— 30 +
59 Ixora sp 36 +
60 | Eusideroxylon zwageﬂ 65 + o)
61 Ixora  sp 70 +
62 | Ixora sp’ 38 +
63 Popowez sp 48 +
64 Ixora sp 60 +
65 | Ixora sp 58 +
66 | Ixora sp 70 +
67 Shouroriz - sp 38 + -
68 | Milletia sp 48 |+
69 | Garcinia sp 48 + _
‘70 | Shorea  leprosula 60 + e}
71 | Urophytium sp 78 +
72 | Milletia sp 40 +
73 | Qironira sp 100 +
74 { Pternandra sp 100 +
76 | Myristica = sp 30 +

Note ¢ 1. Bad’ "2, Average 3. Excellent

0: Commercial tree species
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Fig. 34 Regeneration Qf'séplings of Shorea leprosula -
in a virgin forest in Sebulu
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Table 24 Sizes of Shorea leprosula saplings in
a virgin forest in Sebulu

~21 4~

No. | n| D | No.| W |0 ey | wo.|w [o e
cm| mm cm cnm -mm ¢m cm | mm [M];]
1 375 | 40 )| 15 | 2.0{ 13 {10 n|1e ]1.3] 15
2 2] 13 S 9y |18 | )4 13 2y{15 {1.2] 12
3 1) 1.5 15 10} | 17 | L.4] 14 Hi1s 1.1 13
2313|122 12 1y 13 4 413 {1.2] 13
3 20 | 1.8 14 12)112 [ 1.2 9 s3l1s f1.2] 14
4 7| 2.2] 14 13112 {1.5] g 6y{12 |1.0f 11
s) 12 | 1.2} 10 14y} 12 | 1.4] 10 nlz20 11.3] 10
e) 13 ] 1.2[ 10 15) 0 11 [ 10| 10 8)[20 [1.4] 11
4 |51 4.4 41| 16)] 9 {09 3 91 1.2} 11
5 (220 |20.5{145 1 9 1){ 17 | V. b} 12 10){17 {1.5] 15
6 i7 | 1.5] 13 2110 [ 1.0] 11 11)}18 {1.4] 11
70 8| 1.0f 11 3315 [ 44| s 12){16 {1.2| 8
2) 7 1 1,21 14 4y 14 | 1.4 13 13)10. |0.8] 11
315 | 0.9{ 9 SY{15 | 1.4 14 14)[14 [1.0] 12
4l1s | .y 1l 6) 16 1.4 42 11 13|17 1.8} 14
5) 21 | 1.2{ 15 715 |14 16 i [1.7] 12
g 1) 16 | 1.3} 17 8) |20 | 2.0] 15 314 |1.9] 16
2)| 20 | 1.5] 14 9) B8 [0.5] 3 8§16 1.4 14
317 1 1.3 11 10) 0.9 ¢ sy{19 |1.5| 5
4)} 18 | 1.7] 14 1) | 13 [ 1.0] 13 6)[15 |1.8]| 13
5)l1s 1.3 9 12) | 9 | 0.0} & 73f13 [1.3] 11
6) 17 | 1.4} 10 13) | 16 { 1.5 19 8)l10 lo.9} 12
7 12 | 1.3] 15§ 9); 8 {o0.8] 8
mean 17.911.71 14.
ﬁ: Sapling  D: Basal CD: Crown
height diameter diameter




Seil Profile tHlardness-
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] cm
Layer Colour Texture - Structure ‘Moisture | Root
A 7.5YR3/3 clay miassive humid a little
dark brown '
B 7.5\'R8/6 _ clay - massive humid a little
light yellow orange - AJ
PH 1. PF | Effective
- 1 water content
P KCT . ‘
Layer H2® ' 1.8 ws 3.0 w3 (1.8-3.0w%) /43
A 3.82 3.39 | 26.9 2t.2 5.0 [ 75.0
4.51 3.92 29.1 .- 24.4 4.9 70.5
l . . -

Fig. 35 Soil profile and pH'of the surveyed location
in a virgin forest in Sebulu
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Mother Tree
Shorea smithiana
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Fig. 36 Regeneration of Shorea smithiana sapiings
in a virgin forest in Sebulu
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Table 25 Distribution of tall trees in the surveyed plot
in a V1rgln forast in Sebulu

Tree

Lo oo B o T ¥ Y O

o e
O

| éﬁécies DiqTeter' height (m)

. _{em) >

Hopea mengaféﬁig. 68 :30.
'_Hoggg'mehgargggg 71 - 45
Eggfg_mengarawan 43.5 25
Margaram - o 27 .22
Melaleuca lgucadend{gg 52 727
Shorea .laevifolia | 25 18
.Barriﬁgténia sp 72 45

Margaran - 34.5 20

Shorea sp. 41 . .34 

- Merkunit  28.5 _ 18
Medas 37.5 17
Kacang 29. 15
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Table 26 Distribution of medium trees in the surveyed plot in a vir-
gin forest in Sebulu

- Sﬁecies R Plcm) | H( m) ) .:SpéCies D(cﬁ}H(m)
Meranbuus 7 8 J;ﬁbu~Jambu : _ 1l 12
Artocarpus elasticus 15 11w | ﬂgdbuca_magnifica 10.51) 12
Dacryodes rostrata 6.5 7 | Tristiropsis sp 14 |6
Meranti putih =~ 12.5 | 10 Bawaitaw _ 16 15
pawaitaw 10.5 | 9 | Nyalodh - |14 16
Dacryodes rugosa 12.0 | 13 Madhuca magnifica 9.5 11
Prunus javanicus 6.5'_.10 Dardaram ' 9 12
Myristica villosa 11.0 | 12 | K. Kacang 8 5
Eéffi?é%f ngﬁraﬁa 6.5 6 K. Kacang 6 5
Heraaram 14.0 } 20 Shorea laevifolia 7 &
Daravamn - 16.0 | 22 Meanus 8 12
Madhuca magnifica 7.0 9 K. Kacang _ 12 10
Daraaram : 10.5 12 K. Punaw 7.5 9
bryobalanops larceolafa Dacryvdes rostrata 6.5 7
Medang lg:gj 18 Prunus javanicus 12 14
Médaﬁg 7.0 9 Madhuca magnifica 10 N 12
Meranti - putih 9.5~ 10 Buah jentikaw. 14.8] 15
Madhucu magnifica g.s { o | Dryobalanops sp 10412
Afang 6.0 o Madhuca magnifica 8.5] 10
Madhucu magnifica 15.5 20 Mempuws rasa 7-5 6
Mergaram _ 21.0 ¢ 15 Dryobalanops sp 750 8
pianchania valida 8 | 12 | Dryobalanops sp 14.51 16
Bawaitaw 18 20 B. Huyang 6 7
Madhuca maqnifica 9 10 B. Muyang : %5 18
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E@ithiana'saplings'in a'virgin forest in

Jable 27 Sizes of _s_ticﬁe'a
o Sebulu -
sesdling’| # | o | co | a|
|_No. ccmy |yl emy
i gs0 |66 | 190 | -
2 19 1 3§ sz
3 21 2} 23| 2
4 13 3} 29| 2
5 27 L3 | o253
6 23 3 16 1
7 19 °f 21 18 3
8 23 1 3 30 ] 2
9 0 | 2] 262
10 19 |2 27| 4
11 25 |2 { 28 2
12 227 § 21 301 3
13 22 | 3] 30 3
14 26 |3 | 29 { 4
15 18 2| 25 3
L 16 23 3 ) 24 3
17 26 2] a3
18 25 12 32 2
i 19 25 | 2| 25| 2
L 20 20 2] 27| 2
21 24 s 27| 2
22 28 | 3] 28] 2
23 24 | 3] 28] 2
24 s 2 19 s
25 26 | 2| 143
26 28 3{ 3% | 4
27 15 ]z 117 )2
28 24 3 32 3
29 25 3] 351 3
30 23 2L 23 3

| scedling SHOL Do ] NL
| No. 7 (cm) | (mmy | cm)

B TR -1 3 53] 2
52 30 2 | 32 3
33 12 2| 20 2
34 28 2 9 | 2
35 21 2 27 3
36 23] 3 | 29 2
37 20 1 2 | 25 2
58 20 | 2| 29 3
39 34 | 3| 31} 3
40 23 3 25 3
41 22 | .3 16 2
42 24|21 20 | 2
4% 23 3 29 3
YIRS B 2 B L
45 22§ 2 | 33| 3
40 21 3 31 2
a7 a3 | sz |3
18 13 2 21 |2
49 26 3 | 30 3

e 130 2] 23 2
" 20| 2 | 25 2
52 210 2 2| 2
53 20 | 21 28 3
s 19 2 | 28 | s
g5 20 2 28 | 2
50 167 | 11 | 72 | 15

{25m x 25m)
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Then, in Oetober, 1981, near the stand shown in Fig. 18 in a
'VLrgln forest where 489 tall and medium Lrees of 10 cm or more in
breast height diametex grew per ha, the regeneratlon of Shorea -

leprosula 59901es was 1nve tigated. * The surveyed locatlon was

very infertile and low in p:oductivityt :

 The results of investigation are shown in Fig. 34 and Table 24.
The trees of the species were not regenerated evenly but grew in
groups at specific places. The minimum tree height was 0.6 m,

the maximm value, 2,2 m, and the mean value, 1.8 m.

Similarly near the stand shown in Fig. 18, the regeneration of

‘species with Shorea smithiana as the seed tree (stem width 10 X

18 m) was investigated. The goil of the surveyed location was
very acidic and low in water holding capacity as shown in Fig.
35. The results of the investigation are shown in Fig. 36 and

Tables 25 to 27.

As can be seen, 896 saplings were regenerated relatively eVenly
on the whole. They were 0,13 to 8.5 m in sapling height, and the

mean height was 0.4 m.

Purthermore in October, 1981, a plot of 30 m X 30 m was set in a
virgin forest on flat land at 25 km inside from‘the'K;T.I. office,
to inﬁestigate the regeneration of Shoréa smithiana., The soil
was acidic as shown in Fig. 37, and the layer was soft and good in
water holding capacity though the lower layer was very low in.
water holding capacity. The diétributien of_trees in the plot-is
shown in Fig, 38 and Table‘29._ The number of trees per ha were
222, The regeneration ef saplings is shown in Fig, 38 and Table
29, The number of samplings per ha WGxe 1,943. Saplings with 5
or more leaves each were assumed to grow well, and therefore,
considered as succeeding trees. fiie nunber of them were 300 per
ha. fThey were 8 to 140 cm in tree height, and the mean height

was 23 an.
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Hardness (Yamanaka s )

Soil Profile _
e e ey b . |
0 E e e e AL S S e R A H 0{) 10 20 %p"@
- N ° 10 |
10 :“ : e i . il
20 / e B1EY o 20 1
4 f)?{'-'.', : onF
‘ ({.{).‘:\I;) \ 9 0. O .
s o r 30 1 _
10 v '\ 8 1 s
40 1 40 5
Q oo
50 1 ' v 50
60J 60
ci
Layer “Colour ‘Texture .Stchfurp' Moisture | Root
A 7.5 YR S/3| clay - “single  moderate ‘| much
dull brown _: grained
B | 10YR 7/4 | heavy massive humid a little
dull yéllpy.VCIafJ
orange
R : Effective
PH PF . wator .
- - con%ent'
Layer | H,O kel | 1.owe | 3.owal(l.e-3.00we| | 1/w’
2 _ _
3.65 3.30 30.0 | 21.5 8.5 ‘127.5
B 4.60 3.85 23.0 | 20.7 2.3 | 34.5

.Fig; 37 Soil profile and.pH of the surveyed plot

in a virgin forest in Sebulu.
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Table 28 Sizes of high trees in a virgin forest in Sebulu

C.Dym) '

-

Tree No ‘Species’ -DBH;cm&I' Hm)
! Shorea smithiana 144 kT .
2 _‘thsea firma 16 -8
3 Eugenia cuprea. ln 8.5
4 - Shorea smithiana 20 13
5 " Litsea firma - 54 24
6 Cotylelobium ma}ayanum 39 23
7 Euszderoxylon twageri |- 37 P16
8 Dillenia borneensis | 24 18-
9 Eusideroxylon zwageri | 54 23 -
10 Dxpterocarpus borneensis22 117
11 Irvingia malayana 47 17
12 ~Litsea firma . 21 11
13 "Dillenia borneensis 15 12
14 Baccaurea Spp. 30 . 16
1S Qgggaurgg Spp. 23 14
16 Baccaurea $pp. 17 oy
17 ~Sindora wallichii 36 - | 24
18. Litsea firma 28 116
19 Gymnacranthera contractal? 13
20 ‘Sindora wallichii 224 . 14
2t ‘Baccaure€a spp. 1s 111
22 Durio ocxleyanus 37 14
23 Baccaurea spp. 21 13
24 Durio oxleyanus 7 22
25 Fusideroxylon zwageri 13 16
26 Litsea firma - 31 17
27 Litsea firma 54 y 25

[ 7o)

wron W

. - . "
PNV BN O Db BN D RO AR U D
_ . . .o . |
7] : :
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Table 29 ‘Siges of Shorea smithiana s_ap_lings.'in
a virgin. forest in Sebulu

Sccdling It b cy !ONL B Sced] ing | I} cb R N,
No. CIh mm | cm No. - cm [ mm |-Cm
1 0 12 i |3 31 | 21 6 |1
2 0 2 21 2 32 26 3|21 2
3 18 2 12 1 13 11 2| 9 | 2
4 13 12| 8 | 2 34 31 5 | 31 7
5 22 s 120 | 2 35 1| 2 j10 | 2
6 18 2 18 | 2 36 12 2 |13 3
7 20 | 3 |20 |3 37 20| 3 |18 | 2
8 21 325 3 38 13 2 | 14 2
9 12 12 6 | 1 39 19 | 3 |10 |1
10 17 13 14 | 2 40 15 | 2 |14 2
11 20 13 |2l 3. 41 13 ] 2 12 11
2 20 2 12 2 a2 g | 2 {12 | 2
13 9 12 7 11 43 1312 |11 2
14 25 3 24 3 44 24 1 3 |10 1
15 16 3 15 2 45 16 2 116 2
16 4otz Lo | a6 13 | 2 g
i7 19 2 g1 |2 47 2] 28 |1
I8 24 {3 24 | 2 48 12 12 | -7 1
19 15 | 2 g | 2 49 200 3 |10 |1
20 16 |2 9 | 2 50 0| 3|22 |3
21 16 2 18 | 2 51 17| 2113 |3
2 12 2 7 1 52 13 ] 3 1106 3
23 22 3 (2 |3 53 16 2 |16 | 2
24 12 2 16 2 54 20 3 |20 | 5
25 14 2 1o} 55 15 2 414 4
26 100 7 47 | s S50 20| 3730 |4
27 20 13 16 | 2 57 27 30117 5
8 2 3 15 | 2 58 w3 {1 |4
29 4 |2 16 | 2 59 s 3 p24 |4
30 A0 N S N S 60 e 2 |12 |3
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_Scedling
No.

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
- 79
80
81
82
83
B4
85
86
87
88
89
90

e e i e

+

o lo ]co
cm.-'mm. cm
13 2 s s
1l L2 14 3
b {2 |1a |3
24 13 |22 |5
14 |2 |16 | 4
26 |3 |25 |2
24 |3 120 | 2
13 (2 115 |2
w7 ol2 13 ] a
0 |2 12 |3
200 {2 | 18| 4
13 2 6 | 1
12 |2 11z |2
12 |2 6 |1
22 |2 120 |3
12 tz L1z |1
19 |2 7 |1
ot |s 12 |4
18 |2 (18 |2
|2 16 |2
20 f2 (20 |2
33 |3 |22 |8
26 |3 (15 |2
a1 (a4 128 |6
20 |2 j19 |7
30 |2z 118 |6
s2 |s 117 | s
a2 |4 |30 |o
2 |2 |14 |1
2 19

vl
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" Scedling | U | b
No. Cem | omm
9t 17 | 2
92" 21 |2
93 15 |2
94 s3 | 4
95 20 | 2
96 20 12
37 22 | 2
98 18 | 2
99 a7 | s
100 17 | 2
101 21 2
102 28 | 2
103 24 | 2
104 . 13 | 2
105 19 | 2
106 22 |2
107 11 | 2
108 87 {9
109 20 |2
110 23 |2
111 12 | 2
112 15 | 2
113 8 |1
114 25 2

115 12 2
116 29 |2
117 19 {2
118 21 | 2
119 25 |03
120 1
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P
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Seedling bl o oo oA Seedling | 4 [ D [ o
No | i i cm No. e mnm m
121 R EE 8 1] sl 22 | 3 {12
122 15 2 9 ] 152 17 2 113
123 i1 2 9 1 153 16 2 12
124 9 2 14 2 154 9 2 18
125 24 2 14 2 155 10 2 17
126 21 2 19 2 156 18 2 17
127 15 2 7 T 157 20 2 13
128 25 3 21 4 158 18 2 13
129 14 2 12 5 159 140 |10 | 70
130 20 2 17 3 160 22 2 18
131 22 2 19 5 161 16 2 12
132 26 2 19 3 162 22 2 |2
133 15 2 13 2 163 63 6 |40
134 28 3 18 4 164 12 2 13
135 22 2 13 4 165 18 3 ] 20
136 18 2 il 3 166 33 5 30
137 17 2 14 3 167 55 5 30
138 13 2 13 3 168 17 2 |20
139 17 2 16 5 169 20 2 15
140 57 6 22 3 170 20 2 |20
141 66 5 30 6 171 27 3 25
142 16 2 11 3 172 13 2 3
{143 3 2 16 5 173 140 |11 55
144 23 2 22 6 174 40 3| 24
145 27 2 18 3 175 15 2 26
146 20 2 22 3 176 18 2 | 22
147 16 2 15 4 177 13 2 15
118 14 2 17 3
149 18 2 21 2
150 12 2 12 2
H: Tree height B: Basal diametex Chb: Crown diameter
NL: Number of leaves per tree
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The investigation in a virgin forest in Sebulu was made at 5.
places. jhe nunber of saplings of 2 cm or less in basal diameter
regenerated'wére 750/ha to”?S{OOO/hé._ The ﬁﬁmber of saplings of 2
to sevéral centimeters were 900 to 8,400/ha. The samplings éf

commarcial species accounted for 14 to 19% of all the species.

Stand selectively cut immediately before

In the stand selectively cut imﬁediateiy befoﬁe shown in Figs. 22
ahd 23, five plots of 1 m X 10 w each were set in November, 1980
at a place where the damage by felllnq and logging was relatlvely
swall (Fig. 30, A-1), to investigate the growing stages of sapl-.

ings. The results are shown in Table 29,

The number of iiving saplings wére 16 in plot 1, 17 in plot 2, 14
in plot 3, 11 in plot 4 and 10 in plot 5, and thé total number
par 50 m® were 68, viz. 13,600 per ha. They were 10.to 493:cm'in
tree height, and the meah height were 133 cm. As for vitality,

“about 30% was low, but the remaining saplings were medium or high.

Of them, the number of saplings of Shorea were 6, viz. 1,200 per

ha. None of them was low in vitality, and most were medium.

At the same iocatioh, ihvestigétion was made'by‘the bei£ transect
method for an area of 1 m ¥ 20 m at a place surmised to be
damaged by.logging (Fig. 30, ¢} . ‘The results are shown in Table
30.- The number of living saplings per 20 n® were 78, viz. 39,000
per ha. They were 15 to 156 cm in tree height, and the mean
height was 78 cm. The number of sampliﬁqs lbw in vitality was
small, accounting for 19% of the whole, with about 45% being
medium and 36% being hiéﬁ. The saplings of commercial species
accounted for 41% of the whole. The number of saplings,df Shorea

per ha were 12 OOO, acoountlng for 30.8% of the whole.

The number of the vapllnqs regenerated in a place not damaged by

felling and logging were 13,600 (1,200 trees of commercial species)

per ha. - On -the other hand, theICOrfesponding'numbef in a place
surmised to have been damaged were 39,000 (15,990 trees of com-

mercial species) per ha, indicating a regeneration value of about
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Table 30 Growing states.of saplings

L Speciea DB.H Height : - Vitality .- Notes
. ol ] cm’ 1 2 3 .
Section 1 (1X5) '
1| .Milletia sp . ' 124 +
2 Ekl]i]-le.n[.hus . sp 26 +
3 | Quercns  sp 58 +
4 | Ellipanthus sp 23 _ +
5.| Shorea Smithiana 25 + O
6 | Baccaurea sp 61 +
.7 | Quercus. sp 73 +
. 8| Bllipanthus sp 7 e
e 7 18 +
10 | Trioma sp 27 - +
1. | Dripetes sp 16 +.
" 12| Parinari sp 62 . +
13 | Shorea leavis i0 + O
14 | Durioc " sp 105 - S+
15 | Urophyllum sp 270 +
16 | Malotus sp 62 +
| Section 2 _ '
17 | Milletia sp 63 +
18 | Shorea laévifolia 244 T+ O
19 -{ Macaranga 1iriloba 160 +
20 | Pandanus- sp 170 -+
21 | Pandanus - sp 170 +
22 | Baccaurea sp - 193" +
23 | Baccaurea_  sp 92 +
24 | Bugenia sp . 235 +
"25 | Eugenia sp . - .330 S+
26 | Litsea sp C2mz |+
27 1 Litsea  ap. 62 +
28 | Milletia sp 172 +
29 | Baccaurea sp 450 : +
30 | Xantoxphylum 60 +
31 | Urophy!lum sp 125 +
32 | Dripetes’ sp 250 + :
33 [ Trioma, sp I 24 ‘ _ +
Genera listed below were comted only and not been drawn into
- Diagram : : -
“Seckion 3° 7
34 | Pterospesnum sp 33 +
35 | Milletin sp 72 +
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o DBH [ Height | Vitality - _ _
N Species S O - - — “Notes
AR em | cem [ 1 @, 3 o
36 fMilietia sp 25, +
37. | Bogenin - 'sp 18y s
38 |'Shorea lacvis 475 e o
39 | Shorea” lacvis 43 + o
40 |Sherea laevis . 205° o+ o
41 | PteroSpermaimn sp 150, +
" 42 | Litsen -sp 107 -+
a3 | Eugenia ep. 127 +
44 | BEugenis  sp 102 - .
45 | Miletia 'sp 151 +
46 | Garcinia sp 430 + .
47 . | Quercus sp 386 +
| Sectin 4
48, .Dr_ipel'.eg &p © 163 4
49 [ Piernandra  sp 56 +
50 | Cryptocaria -sp 53’ + .
51 | Cratdxylon. sp 81 +
52 | Baccaurea sp L 125 +
52 | Diplerocarpas -58: . +
54 | Urophylum sp . 24 +
.55 |Mallotus echinatus o 133 +
56 | Eugenid sp RS SRR IR -7 : +
57 | Pandanus sp 95 +
58 | Pandanus sp 28 +
.S_e(_:t,iop 5 .
59 | Medimella sp s -+
60 | Ellipanthus sp 152 . + -
61 | Eugenia sp - 85"
62 | Quercus  sp 108 4
63 | Eugenia sp 108 +
64 | Litsea sp .300 _ +
65 | Millétia sp 109 . +
66. El.!r'renia sp :___15,_ +
67 | Ellipanthus sp- 37. S+
68 | Ellipanthus ' sp . 80 +
Plot diagrami ~ Note : LBald 2 Average 3 Exellent
0: Commercial tree species ' :
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Table 31 Growing states of saplings

Vitality

N S pecies DC%H . lHeght_ _ - Notes
T cr cm:’ 1 2 3 k

L} Shorea: laevis 8.0 ¥ 0.
2.1 Dialium sp 100.0 C+

3 | Litsea -ap 39.0 S

4 | Shorea Leovis S125.0 “+ O
5 | Shorea leprosnla 80.0 + Rt
6 |-Mallotus echinatus 75. 0 + IR
7 | Palaguium . sp 145.0 + O
8 | Shorea lacvis 38.0 + e
9 | Shorea laevis 45,0 o+ -0
10 | Shores laevis 78. 0 i s
11 | Fugenia sp 65.0 | +

12 | Monocarpia sp 145. 0 +

‘13 | Knema sp 130. 0 +

14 | Knéma sp - 80.0 +

15 | Caonarium sp 38.0 +

16'} Polyalthia "sp - 47.0 +

17 |- Hopez "sp 156. 0 -+

18 | “Aporosa  sp 70.0 | - S+

19 | -Ixora ‘sp. 36. 0 +

20 | Ixora sp _ 37.0 +

21 | Shorea leprosula 85.0 ) +

22 { Dacroides sp 185, 0 +

23 Ei__bspyr:os _ 58.0 +

24 | Malletfus. sp 75.0 +

25 1 Hopea sp . 7.0 +

26 | Dialinm sp 125.0 + :
27 | Palaguium. sp 130.0 + Q.
28 | Dialium sp 100. 0 +

29 | Madhica sp 145. 0 +

30 | Aporosa sp 115. 0 +

31 | ‘Madhuca sp 85. 0 +

32} Dacroides sp 85,0 _ +

33 | Dacroides sp 100, 0 + '

34 | Canarim sp 90. 0 +

35 | Ixora 'sp 750 +

36 { Shorea smithiana. - . 75. 0 -+ e}
37 | Diplefocarpus sp 1 38.0 + O
38 | Litsen “sp - 48, 0 +

39 | Hopea .sp. . 160, 0 +

40| Shorea laevis 130. 0. + 0
41 : 120.0 + o

Shorea laevis
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N _'Species DBH = nght B Vitality i Notes
) cm ) A 2 -3 :
2. | Shores -lcprosula neo |+ ' e
43. | Bhored -lagvis - 100.0 £+ o
ad. | Koema sp 38.0 +
15 | Aporosa | Sp 48.0. +
46 | Malloius sp 30.0. L
47 | Dialium -sp 25.0 Es
4 | Aporesa . sp 15. 0 +
49 | Litsen sp: '35.0 4
50 | Shorea lepi‘osala_ 40.0 + o)
51 | Shorea laevis 90. 0 + e
52 | Shores laevis 100.0 + o
53 | Sheren lcprosula 45.0, - + o
54 | Canarinm sp 5.0+ ' '
55 | Ixora sp - 80. 0 + §
56 | Hopea - sp 75.0 +
57 | Shorea smithiana 80.0- + O
58 | Diospyros ~sp 105. 0 +
59 | Mallotus sp 17.0 : +
60 | ‘Polyalthia sp 25. 0 +
61 | Tugenia sp 38.0 +
62 | Pandanus sp 78. 0 +
“63 | lxora sp 115.0 +
64 | Pandanus sp ©125.0 +
6 | Pandanus sp 150. 0 +
66 | Polyalthia sp 80.0 + .
67 | Polyalthea. sp. 80. 0 + ' o
5 | Shorca laevis 50| + o
89 | Shorea lagvis 60.0. |+ O
70 { Shorea Icprosula 30.0 o o
71 | Shorea smithiana 30. 0 : + o]
72 | Dialimn. sp - 40. 0 +
73 | Polyalihia sp 80.0 + _
74| Litsea sp 90,0 + -
75 | Shorea lagvis 100, 0 + e
76 | Shorea laevis 80.0 + o
77 | Shorea laevis 80. 0 + O
| 78 { Aporosa sp_ 70.0 = : _ _ -
Piot dingram I . ’ Note + 1. Bad, Z Average, 3. Exellent
0: Commercial tree species
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Table 32 - States of saplings 'in. a stand Selecﬁively

cut 10 years before in Sebulu

Height "} -

' ' . ."V.i't'nlity X ~ _
. Species e B P Notes -
_ - . (ew) 1 2 . 3 ;
1| Saraska sp _ a1 +
2 Apdroéa sb 20 .+.
3| Litsea sp 15 o+
4 Mﬂ*}_ sp 23 +
5 Eugenin  sp 20 +
. 6| Mallows sp 15 +
7 Eih"ﬂﬂ sp 15 +
._8 Ixora _sp ‘22 +
o] ueontytin e 2 +
10 ? 12 +
| @_m_sﬁ ap 25 o+
2y .2 10 +
13| Saraka 25 +
‘14 | Litsea 'sp z +
15 ? - 10 +
16 | Glocidion sp 21 +
17 | Saraka sp 56 +
18 | Glocidion sp 15 +
19 | Glocidion sp 25 o+
20 | Milletia sp 24" +
721 Glocidion sp 10 . 4+
22 Eugenia sp' 27 +
2 e | ' 20 +
24 C;'atbxylon. sp 30 + .
‘25 | Sareka ap 35 +
26 hb_’a_“h_” sp ' a0 +.
27 Polyanm‘a' sp 37, +
23 Polyal-th.ié sp 8 +
29 'Kdmpnésia sp 35 +
30 | Milletia sp 18 +
31 | Milletia “sp 19 +
32 | Glocidien sp 20 +
‘ 33 ai l;o.r;nieré_ sp 115 +
34 | Pandonus 18 ' 4
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Height | Vitality |

ml Spe.cxe.s‘. : .(_Cm“). . PR 3 Notes
35 Antidésni sp. . o250 ' ToE .' .
36 "I—Ji_l;.;‘]_er?;-.isp . g0 o0 ' |
3 | Dripetes s ] -7 0 o+ |
35 §l_1_gr_c_g "'sn'{i_thiauria_= _430- + e}
3 Eu"ge-n'ia JgpE U1 I B +

40 Urophyll.mn sp . .48

| Ixorasp [ A0 R

42 | Ixora 8p o 25 ok

43. }iél'ccaurea_ sp- ‘ - 63 NS S

#¢| Litsea so - 12 o _ N
45| Litsea sp s +

% | Pandamus sp 250 '.4_! .

a7 | Milletin sp' | 16| R

81 ? S s b o+
49 | Antidesma Sp . 168 4
50 _E‘ﬁcgcajl.r'gﬂ sp .| 340 +
51| Myristiea 60 +
6 | Eugenin 'sp | - 35 +

61 Uro;hyllr‘.gn_ﬁsip s 17 & +

62 Bacca'urea sp - RS I 2 B + '

Note : 1.2 Bad
. 2 5 Average
3 : Exellent -
0 Commercial tree species
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3 times that in a place not damaged. Though this is a matter of
only two places, the number of liﬁing saplings regenerated is
surmiéed to be greatly depend on site conditions and stand .con-
ditions. |

3) Stand.Selectively cut 10 years before
In the stand.selectively cut 10 years before shown in Figs; 24
and 25, a belt transect of 1 m ¥ 10 m was set, to investigate the
regeneration énd growing states of saplings in November, 1980,
The results are shown in Table 32. The number of living saplings'
were.54,000.per ha. They were 10 to 430 cm in trec height,:and
the mean height was 52 cm. As for their vitality, about 18%'greﬁ'
poorly, 39%, ordinarily_and'43%, very wéll. The number of sapl;

ings of commercial species were 1,000 per ha.
ii. Bukit Soecharto
1) virgin forest

In November, 1980, 10 plots of 1 m X 1 m each were set at random
in the large virgin forest shown in Figs. 28 and 29, to investi-
gate the regeneration and growing states of saplings. The

results are shown in Table 33.

The number of living saplings were 4 to 9 per plot, and the aver-
age number were 5.7, viz. 57,000 per ha. They wexre 10 to 400 cm
in sapling height, and.the average height was 80 cm. The number
of commercial. species were 11, accounting for 19% of the whole.

As for vitality, about 5% of saplings Wererjudged td be.low, and

most were judged to he medium.
iii. Sotek
1y Vifgin‘forest
At a site about 78 km inside from the BFI office in Sotek, in a
relatively bright and wide virgin forést, the saplings of Shorea
lgprosula'were inveétigated in October, 1981, Since the soil

existing near the seed tree was clayey, an aquifer was observed

even though the place was c¢lose to a ridge top. ‘Thexe was also a
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Table 33 Grow:.nq states of saplings in a v1rgm foxest
in Bukit Soeharto :

1Y Spocies. . He Vitalily. - Note
’ : {m) 2 3 }
7724 | 1. Shorea’ lacvis, 100 X : O
% Cemriom 8p. . Vs I ' X
3. Dillenin ap. 0. 40 X
4. Eugenin . sp. - 3.80 - X .
t,719 1. Qalamus ~ sp. 120 X
2. Fentra¢c sp. 0.20 . X
3. Dandangs ' »p. 0.70
4. .. Shorea ovalis 070
B,/14 | 1L Palaguium sp. i.20 Broken O
2. Qldenlandia  sp. 0. 20 X
3. Litsea. spi 0. 20 X
4. Penlace sp. 010 X
5. 'Aporosa  8p. 0. 20 X
6. Callamus  sp. ©0.25 5 X
W7 t.  Shorea leprosula. 1.00 X O
2. Shorea laevis. . 0.70 X : o
3, Litses sp. 0.40 - X
4. . Eygenia- sp. 0 30  broken
5 Milfetin sp. 0. 25 X
6. Lindesols sp. 0.20 C X
7. Sterculia ap. 0. 20 X.
v,/ 8 L Fitsea sp: 1. 00 X
2. Palaquium ' sp. 0.28 - X - O
3. Maca:mlg&' 3p- Q.20
4, M]Iletla Se 0. 30 X
5. Ixora ap. 0. 80 X
6. Urophyllum sp. 1.00 X
7. Eugenm 3p: 0. 15 X
8 - Millettin  sp. 0.20 X
__Dillenia sp. _ 120 X
/2 1. Shoren  smithiana 1.20 X o)
2. Msalotus echinatus, 1. 10° X .
3. Mallotus echinatus. 1.00 X
4. Litsea ap. 0. 60 . X
5. Aporosa: sp. 0. 30 X
LV 1.° Burycoma - sp. 070 X :
2. Millettin sp. 0.90 . Jeaf - broken
3. Antilesma sp- 1.40 . X
4. Shorea leprosula. 0.90 X O
5. Shorea ovalis. 0. 15 X Q.
W10 {10 Sindora  sp- .00 X '
2. Milletia sp- 0. 50 X
4. Ixora sp. 0,30 X
4. Mallotus sp. 2.00 X
5. Litsea sp. .70 X
L 6.  Shores . ngmsmq.." : - 4,00 R X _
K11 | 1. Shorea ovalig. 0.8 X O
2. - 3horea ovalis. S 0.75 X O
- 3. Aporosa sp. 0.40 X :
4. - Aporosa sp. 0. 30 X
5. Millettin sp. 015 .. - X
X712 | 1. Sentiria sp. 1. 00 X
2. Ixora sp. 1,20 - X
3. Litsea sp. 0. 40 X
4. - Millstia * sp. 1.00 . "X :
5. Sherea leprosula. 0. 20 X 0
6. Calamus sp- 1.10 - X .
Note @ YVitality 17 bad
. 2 % ordinary
3 ! excelleni
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Fig. 39 States of Shorea leprosula saplings in
"a virgin forest in Sotek.
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iv.

2)

recessed area like a marsh. As for the states:of saplings, as
shoﬁn in ¥Fig. 39 there were only 17 Sapllngb 1n a semi~circle
“around the seed. tree. They were 25 to-325 cm hlgh above the
ground, and the mean helght was 137 cm. If the number of sapl-
ings is assumed to ~be 30 per seed tree, then the number per ha

may not be exgected.tb be so large.
selection forest

Investigation was made in November, 1981 in a stand 5elect1velj
cut 10 yearq before at about 12 km apart from the BFI office ln.
Soetek. . The states of seedlings of an. almost rotten Shorea _
smithiana stump in a quarter circle around the ‘stump are showh in
Flg 40. The humber of:seedlings were oﬁiy 8, 'and they wére 13 m
in mean tree helght and 10.6 cm in mean breast helght dlameter.
If the number of.seedllngs per mother tree is mQre than 30, then
the number cannot be said to be very large ds in the case of a

virgin forest.
Lempake

In the virgin forests of Lempake practical training forests of
Mulawarman University, two sites A and B were selected, to set sur-

vey locations, :for investigating the saplings of Shorea_smithiana.

Site A is a slightly:cbarse stand, and for mother trees growing
along a ridge top, the d:erlbutlon of sapllngs in each Sem1—01rcle
of 20 m on the downward slope was 1nvestlgated The resgults are
shown in Fig. 41. Fox mother tree No. 1, “the nuber of saplings
were only 9 per 200 m2, ans for mother tree No. 2, it'was oniy 3 per
200 m>. That is, the numbers per mother tree were 18 and 16;4res—
pectively being small. The mean sapling heights Were_ll2 ol and
134 ‘om respectively, ' | |

The so0il at Site B was sandy and the color was light. It was
infertile. The distribution of saplings in a quarteflcircle of

30 m around a mother tree was investigated, and the results are
shown in Flg. 42'_ The number of trees of 30 cm or more in breasL
helght diameter were 5 per 900 m’, and the number of saplings was 52 -

per 900 m®,
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Fig., 40 Regenefqtion and growth Of
in a gtand selectively cut
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Fig. 41 Regeneratiqn and growth of Shorea smithiana at Site A in
a virgin forest in Lempake '
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The regenarationaof saplings was: small in Sotek and Lempake, but
was ldarge in Seﬁulu both inr the virgin and selection forests. In
the lattet,'the nunber of seedlings of coﬁmercial'sbecies is sur-
rised to be also large. ' '

Sinaé the arranQemeht of ﬁbﬁher treas,_stateé'of forest floof, etc.
are dlfferent from stand to stand, the number of sapllnqs regener—_
ated is dlfferent to some extent and the difference is also caused
by the dlfferenca_ln the cond;tlons of surveyed locatlon. However,'
the numbers of saplings regeneﬁafedIWere genérally very large.
However, lafge nunbers vanished;.and in a stand with decades of
trees of 50 cm or more in breast height diameter as shown in Table
12, to balance between’grbwth’and cropping'in'long_years by selec-
tioﬁ cufting ig surmised ﬁo require.sdme'artificial control,
cohéidéring the cbmpetitioh_betweeﬁ planfs;_peSt damage, etc.

As for succeeding'ﬁrees as futufe stand.ébnstitutinq.the species,
since they grow underucbverinq forests, the shade bearing capabili-
ties of theirespective_specieS'an& the number of leaves per'sapling
affect growth nore or less, If the number of leaves per sapling is
5; 1,000 sapllngs should grow in one hectare Since the'regeneraw
tion and qrowth of sapllngs is surmlsed to be affected by site
condltlons, esp801a11y such env1ronment as quality of soll, density
.and grow1ng states of upper ‘trees, and llght COndlthHS by them, it
is desired to con81der the proprlety of regeneratlon, rotation
interﬁalé,_etc. from the present situations, and to discuss ﬁhe

method for studying them.

As to the growth of saplinés growihg in'the lowest storey of a com-
poundnstorled forest b, dt g requlred to 1nvestlgate the shade
bearlng capabllltles of the respectlve SpeClES, maasures their
sultablllty for soil pxoductlv1ty and reblstance against various
kinds of damages,-and to study the tendiﬁg within the rotation,
_lncludlng the salvage cuttlng of forest trees forming the crowns of
.the lower storey, to 1ncorporate ccologlcal control in the detalled

rules for worklng of TPI.
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Pest damage and growth disturbance of forest plants'

Growth disturbance

- As .part of an ihvestigation into growth disturbances. in forest

plants, bamples of leaves of sapllngs reCOgnlzed to have lesions

were photographed in foxests malnly contalnlng trees of Dipterocar-

" paceae in Sebulu in September, 1980 and the photos were compared

with the descrlptlon in literature in Japan, to 1d9ntlfy the names

"of the dlseases. Identified diseases are descrlbed below.

1) Diseases of pineg

a. Tox-tail (pathogen unknown, physioclogical disease?}

Fox-tall is considered to be hereditarya) rather than being
caused by a pathogen, or since it is often'obserﬁedrin dis-—
tricts where rainfall oceurs throughout the year, it is
considered to be induced by any factor based on heture that
cauge this disease hereditarilyb). On the contrary, this dis-
ease was often observed in places with humus or fertile places.
In this relation, in Bast Kalimantan, it is recognized that the
diseage appears on surface soils contalnlng large amounts of

nitrogen, phosphorus, etc.C) )

Tn East Kallmantan, the afforestation of Carfibbeen pine'and

Merkusi pines have made considerable progress for the past 10 odd
years. In future, it is desired to research into the condi -

tions of normaliéing the increase of tree age, iﬁ relation to
site conditions, disease generation rate, etc. with the pro=-

gress of afforestation.

b. Black root rot
(pathogen: . Macrophomina phaséoli, syn. Sclerotium bafaticola)

This is observed iﬁ Seedliﬁg beds, and 60 to 70;cm eeedlings
becdhe dead and brown (Photo 16). If the bafk.ef a dead seadl-
ing is removed at a portion close to Ehe soil, mény'fine black
points (sclerotiums of the pathogen) are observed on the sur-

face of lignum and inside the bark.
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3)

4)

Diseases of-Eugenia

a. Algae leaf spot

(pathogen. Cephaleuros v1rescens)

These algae grow on leathery and smooth leaf surfaces (Photo
17). = This disease often occurs in poorly ventilated dark and
humi&'plaees with insufficient light. Tt is widely observed on

the leaves of saplings of such species .as Eugenia and Litsea.

- Digeases of Vatie&
. .8) 9) : -
a. Tar spot (Pathogen: Phyllachora sp.}

small yellow and circulat spots are céﬁsed on the leaves, and
at the center of each spot; a black bulging of 1 to 5 mm in
diameter like a scab is formed. (Photo 18) This disease occurs
with sapllngs and young trees

Others

Other SYmthms_whiéhjare surmised tofbé diseases, though the spe-
cies or names are unknown, are shown in Photos 12 to 23 for

reference.

In general, corpsucular sclerotial diseases are said to occur
frequently at earth-temperatures'hiqher_than'30?c, and are sur-
mised to'be'liebielto oceur iﬁ.the-ﬁreQiCs.j Seedlinge of pines
can be nursed in pots (Photo 24), and. 51nce they grow early to
cover the ground surface ln a short tlme, mass generatlon of dis-
eases ls_assumed_tﬂ not.be great*occuISS). There is a reseaxcher
who thinks:it:is effective'eo properlj irrigate in the dry season
when dleeases_threaten to ocecur lntenelvely Or in a place of
sandy goil O),' Siﬁce the maxxmum temperature of East Kalimantan
is abouL 32°C, the control of earth temperature is not so 4dif-
flcult Therefore, it w1ll be necessary to examine the

1n£luence of dlrect sunllght on the SOJl surface, humidity of

bDll, ete. before taklng proper neasures,
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Photo 15 ¥Fox tail of Merkusi pine
(Pin9§ merkusii Jungh et de Vries)

Photo 16 Corpuscular sclerotial disease of pine?
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Photo 18 Black fat of Vatica sp.?
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Photo 19 Tristania sp. (disease name unknown)

Photo 20 Litsea angulata ' Photo 21 (Species and disease

(disease name unknown) name unknownj}
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Photo 22

(Species and disease Photo 23 (species and disease
name unknown) name unknown)

Photo 24 Pine seedlings nursed in pots
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While algae and black fat which are also observed are not sur-
mised to be so serious. 'In case of nursery, the freQuent
gené:ation can be thorougﬁly prevented by enhancing ventilation

and burning sick seedlings.

As for the problem of tree diseases in trOplcal raln forests, hew
dlSEdSeS may be Laned by the present mass SEleCthH cuttlng,
regenerat;on, nursery operation, clear Quttlng-and artlflclal
regeneratibh,'development of undefgrowth and the drying and large

fire of 1982,to 1883, and therefore it is requiréd to precisely

‘know the states of regeneration and to continue studies on the

prevention of the diseases.

ii. Pest damage

with regéid to the-peSt damage of forest plants, the following

results _wéré.obté:ined"by actual survey and the épecimens or

literature'iﬁ'Boéor Animal Museumn,

1)

Main pests 11]ur10u5 to forests and Sltuatlons of
damage in East Kallmantan

The pests observed in“the virgin forests and planted forests in

East Kalimantan are shown below.

Kinds of injurious pests observed in virgin forests

and planted forests

Main pests injﬁrious to forest trees observed in the virgin
forests and_?lanted forests of lempake are shown in Tablie 34.

As Coleoptera peSts, Chaenius sp. and other 36 species were

observéd, and aé'Lepidoptera pests, Cbémopteryx pallidifasciella

and other .53 species were also chserved,
Main wood borers and situations of -damidge

i) Damage by Scolytldae, Platypodldae and Cerambycldae
in and -around Lempake
In and around Lempake; as wood borers, resPéétively_five spa-
Cies—of’Sco]ytidae and Platypodidae such as Arikylébdrus

granulifer, A. hlrsutulus, and Platypus curtus as Ambr051a
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Table 34 List of main forest tree borexs

Coleoptera

Chaenius sp.

Calleida tenuis

Cicindela aurulenta

Epicauta ruficeps

Hister chinensis

Paederus fuscipes

Carpophilus hemipterus

Tenebroides-kever
Triborium

Laemophloeus pusillus

Bhasverus-Kevertie

Typhaeca stercorea

Anadastus filiformis

Agrilus acutus

Agrilus occipitalis

Attagenus undulatus

Anthrenus vorax

Lasioderma sp.

Formicomis ruficollis

Lepidoptera

Cosmopteryx pallidifasciella

Cosmopteryx dulcivora

Homona sp.

Argyroploce illepida

Enarmonia hemidoxa

Scirpophaga innotata

Ephestia cautella

Mymphula sp.

Nosophora sp.

Lamprosema indicata

Alphitobiusg pideus

Bruchus rouyeri.

Araecerus crassiocornis

gggmopolites sordidus

‘Calandra oryzae

Pivcalandra frumenti

Rhynéhophorus ferrugineus

Xystrocera festiva

Xylotrechus javanicus

¥ylotrechus quadripes

Glenea novemgutta

Brontispa longissima

Psylliodes balyi

Rhadinosa parvula

Lepidiota stigma

Leucopholis rorida

Holotrichia constucta

Euchlora viridis

- Margaronia uniconalis
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Omphisa sp.

Maruca amboinalils

Pyrausta sp.

Parasa lepida

- Scopelodes sp.

Thosea sp.

Striglina thermesioides

Artona sp.

Oreta 5p.



Boarmia bhurmitra

Hyposidra taiqgg

. Phalera xdaya

Stauropus alternusg

Cerura liturata

Tarsclepls sommeri
andraca sp.

ansacta lactinea

Creatonotos gangis
Utetheisa

Samia cynthia

Agrotis interjectionis

Bombotelia jocosatrix

Earias sp.

Rivula atimeta

Plusia signata

Brithys sp.
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,Spodopteré mauritia

' Leucanlia unipuncta

-gggdenia Sp..

Moc@g-frugalis

Parallelia palumba-

Orgyia posticé

DéSychifalgénnatula

Euproctis catala

' othreis fullohica

Herse convolvuli

Laphygma eyempta

Buthalia soorten

Catopsilia
leig§.belisama

Papilic mennon

Papilio polytes

Chliaria othona




beetles, and five species of bark beetles such as Poecilips
subcribrosus are dominant species, and in additioh many wood
" porers such as Curculionidae, Brethidae and other Diptero

carpus borers were cbserved.

Some bark beetlés bore coarse barks of staﬁdihg trees.
Except'in most cases, felled trees were damaged. _For'logs
withrbérk on them} bark.beetles bore under the bark}'ahd
xylem pests bore at the cross section. For debarked logs, as
the sap ocozing out of the surface just debarked dries, adult
Ambroéia beetles:begin to be parésitig, and bore circulayr
holes of about their body sizes (0.8 to 3.0 mm). about 2 or
3 days later, dust like bars is discharged, and in several
days, the sapwood is reached, and the corestock reached in
several weeks. Larvae grow, eating Ambrosia which in cubated

cn the Wall.

The pinholes of the logs collected on a forest road or timber
yvard are mostly formed on the lower'half of each log, viz. on
the side in Contact.with the ground, and when thé logs are
piled, pinholes are not able to in cubate generated on the
logs placed above. As for the density of pinholes;'inrcase
of Putang,‘l97 pinholeé were observed per 1 m®. The pinholes
remarkably lower the industrial value of wood creating knots,

and promoting decay of the wood.

Pinholes include the usual pinholes and those formed in the
xylem. The pinholes in the xylem are formed when weak young
standing trees are bored to the corestock by beetles and keep
on growing without being killed, to include the pinholes: in
the Stem.: The pinholes in the xylem are often erfonéouély
recognized as usual pinholesll). The pinholes in the xylem
are caused by a special factor, and the usual pinholes give a

very higher rate of damage and are serious.

Lauan'generally includes three major grdﬁps of'yellow, white
and red, The pinholes formed after felling are most liable

to occur in yellow lauan, being followed by white and red

~256—



ii}

lavan in this order. "‘1_‘he pinholes in the xylem which are

said to be formed before felling are cbserved most in ved

‘lavan, and not observed in white or yellow lauan.

Kinds of main pests injurious to forests and their

damage effect expected to happen in future :

The damage by pests expected to happen in future could not be
confirmed locally because of the limited time, but can be
digcussed as follows; cohsidering the environmental condi-

tions.

Accoxdiﬁg to Gﬁda,_et al.lz), Meranti_ié‘remarkably danaged
by Ambrosia beetles (pinhole borefs) who make innumerable
small holes deep in the wood, and also by Xyleborini, Scoly-
toplafypus and Platypodidae of Scolytidae, and Lymexilonidae.
Tt is damaged also by iarge.pests such as Curcﬁlionidaé'and'

.Cerambycidae.

Jozo Murakami;3) says that 3,225 species must be distributed

in Kalimantan.

The species which must be noted in East Kalimantan for pos-

‘sible damage are as follows:

Ambrosia heetles
Scolytidae

Arixyleborus granulifer Fichhoff: Very small (Length

? 1.8V 1.9 mn & 1.5 mm) , ¢ blackish brown to black,

g yellowish red to reddish brown.

Arixyleborus hirsutulus Schebl: Very small (Length

% 1.757v1.86 mn) yellowish brawn to blackish brown.

Arikyleborus immitator Eggers: Very small (Length ?

A . - )
about 1.8 mm, & about 2.1 mm), dark to blackwish

‘brown,. $-reddish brown

Xy leborus perfbrans Wollaston: -Very'small'(Length 7
- . A o .
2v2,5 mm, & 1.6V 1,97 mm), yellowish red
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Xyleborus punctatissimus Eichhoff: Large {Length ? 4.8

v 5,07 mm; $ about 4 mm) , yellowish brown on the
former half of body and dark brown on the'latter

" half
platypodidae

Platypus curtus Chapuis;: .Large (Length'g 3.81v4.47 wm,

g 3.384.06 mm), brown to reedish brbwn
 Platypus sp.: "Medium {Length within about 3 mm)
Platypus sp.: Medium {Length about 3 mm)

. . ‘ . o
Diapus guinguespinatus Chapuis: Small (Length + 2.53%

3 mm, $ 2,31V 2.81 mm), dark brown

Diapus sp.: Large (Length about 6 mwm), blackish brown

Bark bheetles

Poecilips subcribrosus Blandford: Medium (Length 2.28%

3.88 mm) , yvellowish red to reddish brown

Poecilips sp.: Very small (Length about 2 mm)

Lymexilonidae sp.: Large (Length about 6.5 mm), blackish

brown

Lymexilonidae sp.: Medium (Length about 3 mm), black

{(Identified by Dr, Teru Mabuchi)

In addition, in the survey of this time, many wood borers
such as Curculiomidae, Brenthidae, Anthribidae and Ceranby-

cidae were collected.

'I‘he.damage to forests, standing trees and felled trees by
these pests mostly cccurs after felling, except that some
bark beetles bore the bark”of'standing trees at corase por-—

tions, to spoil the bast.
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Other damages to trees includes the boring wnder the bark by

. . 2
the lavae of Scolytidae and CerambyCLdae( ).

.When a standing tree is feiled and debarked, sap secretes.
The amount of sap and resin secreted depend on the species.
In case'bf Yellow Méranti,_sap dries early, and the resin -
amount is a little Small_sompared ﬁith other species. The
generation of pinhole damage depgnds'on the.speCies as shown
in Table.35 aﬁd_isfsurmised té be closely relateé to the

L (2)

amount of sap and resin secreted

Table 35 Pinhole damage of respective species(2

dpecimen Hunber of pinholes remarks
pect by Arixyleborus .a
Réd merantL » : 8 State. of occur-
White meranti ' 69 rence 10 days
.= ) N o k. .
Yellow meranti : 148 after debarking

2)

Meanwhile, Merkusi pine and Melolonthidae are liable to be
damaged. The pests shown in Table 36 "List of main tree
pests" and in Fiés; 43 to 48 are'surmised to do large damage

to planted forests, especially pole size trees.

Damage is observed in'standing trees of virgin forests and
plated forests, but in general it seemed that the standing
trees in very vital virgin forests with natural balance kept

were less damaged.
General prevention and extermination in forests

The pests of virgin forests and planted forests include those who
eat leaves, those who eat branches and stems  and those who eat
roots. They also include those who live under the bark and those
who bore. the Stem known as borers, Thelir damage is‘largé.
- Borers. are insécts;éf Coléoptera such as Scolytidae, Platpodidae,

Ceralulcoyci_dae,l Cuculio and Buprestis. Especially the damage to
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forests by Scolytidae and Platypodidae is serious, and when they
coexist with such injurious insects as Cerambycidae and Curculio,

trees may be guickly killedi

Borer Scolytidae includes shot borers who eat the xylem and bark
beetles who eat the bark. Shot borers include Ambrosia beetles

who live on Ambrosia and other fungi incubating in the holes,

foresﬁ peéts can pbe prevented and extetmihated cﬁemiqally,
physically, biclogically and.industrially. 'Hoﬁever for rational
prevention and exterminabtion, the respective methods of preven-
tiocn and extermination must be combined, based on the precise
knowledge of the physiology and ecology of the pests and site
conditionsf and for general prevéention and extermination in
natural adjustment, to restqré the forest ecosystems. For exam-
ple, chemical prevention and extermination is desirable to be
used auxiliarily by sufficient utilization of chémicalé. When
the balahce of a virgin forest has been destroyed by man, or
_esPecially iﬁ case of a planted forest, the general prevention
and extermination are urgently required, and should be promoted

in view of pest control.

The problems in the execution of general prevention and extermi-
nation based on.chemical prevention and extermination by Goda, et

(2)

al are as follows.

Studies on the safe and very effective extermination methods
and preventive chemicals against wood borers

At Japanese ports for imports, an insecticide stipulated in the
Plant Quarantine Standard and consisfing of an oily mixture
containing 0.5% of Sumithion and 2.5% of EDB (Table 37) is

% surface to kill peéts

sprayed to the wood by 300 c¢c per m
inside. However, the'objective in Kalimantan is to prevent the
damage befofehand, and it is surmised necessary to study and
develop safe aﬁd very effective extermination methods and pre-
ventive chemicals against wood borers most suitable for the
actual situatibns,'aﬁd to.test them before introducing them,

based on the fact that the trees felled immediately before are
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Table 36 List of main tree pests

(Tectona grandis) .

Teak ambrosianﬁéetle,
(Xyleborus destruens)

Mulberry,"Margafbhia'pyloalik
(Lepidoptera, Pyralidae)

(pinus merkusii)
white grubs -

Lepidiota stigma F.
Melolonthidae

Leucopholis rorida: -
Melolonthidae

(Scolytid)

Neohyorrhynchuééﬁiisimai

Hylesinus pdrcdtus

X¥ylosandrus compactus

Xyleborus atratus

Xyleborus bicolorx

Xyleborus interjectus

Xyleborus lewisi

Xyleborus minutus

Xyleborus mutilatus =

Xyleborus semiopacus

Sandal wood; (Santalum album L.)

‘Chionaspis sp -

Holotrichia constucta
Melolonthidae '

Euchlora viridis Rutelidae

bDioryctria sp

_‘Plétypuélébiidus

':Diapus.aculéatUS
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Arixyleborus granulifer

aArixyleborus hirsutulus

Arixfléborﬁs'igéﬁﬁEgg

Platypus curtus

'DiépuS'quinquéspinatus

:XylébOrué-pUQctatissimus

' Xystrocera festiva




Main species of Anbrosia beetles

Arasvlcborss ;nmuhlrrl %) Arisyleborni diravtalunt 1) Arissrbaras mifatart ¥}
r20 . ' 20 R

Tiapne guinguespinaing 1)
» 1%

Xxleboras gractoliseimus! § 1 Platyps cartest 3)
«10 . » 15

Drawn by Technical
Official Shizuo Ohno

FPig, 43 Lauan pests of East Kalimantan
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Whole ~ Head

Fore leg : Hind leg . Venter

Ieucophdis rorido Fabrisiusg: Intari & Watawiria (1973)

Fig. 44 A pest of Merkusi pine
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Head

Fore leg ©- Hind leg Venter

Lepidiota stigma F Intari & Natawiria {(1973)

Fig. 45 B pest of Mexkusi pine
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Fore leg

Venter

Holotrichia constricta Burm Intari & Natawiria (1973)

Fig. 46 A pest of”Merkusi pine
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Chrysalis
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Larvae

Damage states

Pig. 47 A pest of Merkusi pine (Dioryctria sp)
and damaged states
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treated, and tﬁat pests exist around the trees, and that the

meteorological androther.cdnditions are -different. Fox spray-
j_ng, usually 100 to 300 ml, or 150 ml on the average should be
applied per squaremeter of the tree on the lower half surface

in contact with the ground.

Table 37 Present pesticide for exterminating wood borexs

Names of : | Effectlve ingredients and contents
chemicals Types : . . ° w/wg
T — N . -
Sumibarku oil 0il . ] Sumithion 50%, EDB 15%, organic scolvent
conc . 35%
Sumibarku Econc | Emulsiqn Sumithion 50%, EDB 15%, infiltration pro-

Sumibarku Econc " Sumi thion 50%, EDB 15%, repellent 15%,
spreader, solvent, @mulsifier 20%

Baytex EDB " Bytex 50%, EDB 15%, infiltration promotind

enulsion | s0lvent = 10%, spreader, solvent, emulsi-
fier 25% '

Diazinon EDB " Diazanon 50%, EDB 15%, infiltration pro-

emulsion ‘moting solvent.10%, spreader, solvent,

Surecide EDB _ R . :
emalsion oo | surecide- 25%, EDB 15%, intiltration pro-

Dibtelex agueous | Water soluble; Diptelex 97% v

moting solvent 10%, ' spreader, solvent,
emulsxfler 25% L

emulsifier 25%

moting solvent 10%,spreader, solvent,
emulsifier 25%

water solvent powder
1) Sumithion: fenitrothion, 0, O-dimethyl 4-nitro- -m>tolyl phosphorotiticate
2) Bytex: fenthion, 0, O-dimethyl 0-{(4- methylmercapto -3-methyl)phenyl)
. phosphorothiocate.
3) Diazinon; @, J-diethyl o-(2-isopropyl-6 methyl-4- pyrlmldLnyl)phosphoro—
) thiocate
4) surecide, 0 —ethyl 0-{4- cyanophenyl)phenyl phosphorothicate :
5) Diptelex: trichlorofon, 0, 0- dlmethyl ‘1-hydroxy-2, 2,2- trlchloromethyl
' : . phosphorothloate
6) EDB: Ethylene dibromide, 1,2~d1bromoethene, CHzBrCHzBr
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i)

ii)

Furthermore, Goda, et al.

The pesticides'used locally must satisfy the following condi-

tions;:

a, Resistdnce against heavy squalls must be considered,

b, Resistance agéinst direct sunlight at high températures

must be considered.

¢. Since sap oozes out of the tree immediately aftex
debarking, ingredients to provide high affinity and per-

meability are desirable,

d. For spraying_immediateiy after debarking, the surface of
the log in contact with the ground should be also coated

by rolling the iog by a bull-dozer.
2) '

present the foliowihg problems to

be solved in chemical prevention ahnd éxtermination.

Sprayeré

In. the field where logs are frequently- carxried in and out,
rucksack type full automatic or manual sprayers of about 10
liters are suitable for field spraying rather than large
spraying machines, and the use of many such sprayers are

most effective,
Coloring agents and color tones

When a pesticide is éprayed on the surface and cross section
of a log debarked immediately before, the fresh log is wet
with sap, and even if a usual pestieide (colorless and tréhs;
parent) is sprayed, the coated poftioﬁ cannot be cléarly
identified, Therefore, it is recémmended to. color the liguid
for immediate idéntifiéationrof coated portions. At present,
red is the best and makes the logs appear. good. - Thisg allows

not only. the existence Qf the pesticide but also the density

‘to be identified, to prevent omission of spraying and to be

useful for confirming the proper amount.of spraying.

For the present developmeént of ‘tropical rain forests in East

Kalimantan, to prevent the damage caused by insects, the pest

-269~



control of virgin forests and planted forests must be dis-
cussed. For this purpose, the insect phase of virgin
forests, secondary stands,'etc. should be analyzed to clarify
the ecological conditions, and to establish a general pre-
vention and extermination meéné uéing:chemicals auxiliary.

On the other hand, for the felled trees being carried out,
there is no other way than by applying Cﬁemical prevention
and extermination, methpdé and the thordugh execution of it is

desirable.

. Conclusion

In this research, the actual situationg of virgin forests and selec-
tion forests in East Kalimantan were surveyed and discussed. Furthermore,
how studies should be, is the proper treatment of cutover areas, viz.
selectively cut over areas of forests was presented.

The forest in this area is characterized by the production of very
excellent and useful logs which are large in length and'diameter, straight,
full-bodied and free from knots, mainly of-Dipterocarpaceée in typical
tropical rain forests.. fThe quality of succession of such:foreSts is pro-
blematic not only for Kalimantan but also for wood resource policies of the
world. Problems‘bésed on the present situations will be indicated beLow

for discussion.
(1) Method of selection cutting

As for the stand compositions in the -"virgin forests of Sebulu and
Bukit Soeharto, the number of forest trees of 35 cm or more in
breast ﬁeight diameter ranged from about 90 to 140 (Table 11} per
hectar. If cutting is assumed to be made with a cutting cycle of
35 years based Qh the Indonesian Selection Cutting System (T.P.I.
system, Table'4), 25 standing trees of 35 cm or more in breast
height diameter must be left per hedtare,'and therefore 65 to 115
trees cari be cut. - Furthermore, since the trees actually cut are of
large diametex, being ?O'or 80 cm or more in breast height'diameterr

. the number of forest trees corresponding to the size is about 25.
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If the virgin forest (ﬁigs. 20 and 21) of Sebulu is assumed to be
cut according to the T.P.i. Systefn, the result is as shown in Fig.
30 and 31.. That is, trees Nos. 2 (DBH: 180 cm), 33 (180 cm) and 36
(129) large in breast height diameter are cut. Since they are
adjacent trees, a large.sﬁé¢e is formed at a positioh, and the
damage to succeéding treésfééuéed by cutting is surmised to be
large. PFarthermore sincéfthe.sténd becomes bright after cutting,
twining plants may cover thé'reméining trees, to prevent their
-growth, it is desirable to killtﬁﬁém as shown in Photo 25. At the
same time, the treading preSsﬁré‘bfﬁsurfacé soil destruction by
large machines and large d;émetéf:;féeé_fbr timber haulage disturbs
the soil; and this is a Seriﬁﬁs prdbiéﬁ:for tropical forest soil
which stores less nutrient and is bad . in physical properties.
Therefore, the remaining treéé nay ﬁét_élwéys grow as intended, and
therefore not suitable7for cutting 35 years later at the next
cutting. ' N E B '
If the cutting standard is estabiisﬁéd to meet these problems in
reference to.the breast height diameter, the positions of remaining
trees, viz. distribution of succeeding trees, prevention of damage,
promotion of regeneration, spread of crowns, etc., the‘result of
cutting accdrding'to the standard is shown in Figs. 32 and 33. That
igs, 1Lf trees Nos. 20 (6l'cm}; 33 (180 cm) and 51 (59 cm) are cut,
they are pOSlthHally dlsperséd and the remalnlng trees are p051~'
t1onally well balanced rurthermore at the next time of cutting at
35 years later, the productlon of a large dlameter tree of 1 m classg
can be expected Moreover 51nce the Crown Ccover is not suddenly
opened, ‘this method is expected to be effectlve for maintaining the
soil prOduCthlty of forest_land and for generallj preventing and

exterminating pest damage.

In this case, it is necessary to conduct research into the problems
yet to be solved, such as yiéld cost and to incorﬁorate it into the
detailednrules'of TPI for working, etc., considering the volume and
timber price. It is desirable to further widély analyse, them using

the guadrate and transect methods, ctc. as adopted in this survey.
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{2)

Photo 25 Trees remaining in a selection forest,
covered with twining plants

Preservation of succeeding trees

To cultivate the sucdeéding trees by the selective cutting systemn,
the damage to the succeeding treeé.by cutting must be minimized. If
trees large in diameter only are selectively cut with emphasis
placed on the efficiency of cutting and logging and economy, the
succeeding trees are directly damaged and suppfeSsed in growth, and
in addition, a large hole is made in the canopy, which encourages
twining plants to flourish and soil to be'destroyed. It is said

that especially a forest which is damaged by way of scratching and

debarking at the stems and bases of trees is liable to be damaged

by diseases and pests, which causes disturbances in growth and sub-
gequence death. It is degirable to study the preservation of
succeeding trees in selection forests, and to adopt a working method

based on the results.
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' stump of Ulin (Busideroxylon zwageri)

@ : commercial tree species

# : stump of cutting tree

Fig. 49 Crown closer of logging over stand by T.P.I.
system in Sebulu, DBH 35 Cm up
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Fig. 50 Profile of logged over stand by T.P.1

: stump of Ulin (Zusideroxylon zwageri)

commercial tree species

in Sebulu, DBH 35 Cm up
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g
Ve

: dead tree-

: stump of Ulin (Eusideroxylon zwageri)

commercial species

8 poe

+ stump of cutting tree

Fig. 5] Crown closer of logged over stand by balance
system (suggested) in Sebulu, DBH 35 Cm up
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AN SNlak

f[ : dead tree

O : stump of Ulin (Eusideroxylon zwageri)

@ : commercial tree species

Fig. 52 Profile of logged over stand by balance systen
(suggested) in Sebulu, DBH 35 (m up.
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(3) Regeneration and growth of saplings,

In geheral, saplings axe regenerated in large quantities, and even
in case of cdmﬁéfcial specias only, mahy'séplings'are regénerated
around a cut tfee. In most cases, the regeneration is quahtita—
tively alméét Satisfactory.' However, since the mortality rate of
regenerated:saplihgs'ié 1arge,3it is important to lessen the wvalue
for promoting théir growth, and to cultivate gbdd succeeding trees
through comﬁefition. For this purpose, site conditions, present
stand comp051tlon, density, etc. must be sufficiently examined. In
order to cultlvate the seedllngs of commercial species such as
Dlpterocarpaceae, it is necessary to continue researches for a long
_perlod of time foi clarification, so as not to cause adverse effacts

by the env1ronmental changes of the stands.
{4) Prevention and ‘extermination of pest and disease damage in forests

The_férést.environmént at the time of survey was generally com-
plicated, aﬁd the.chénces are that. the pest damage to forest trees could
cover a large area was-surmised'to be small. However,. thie chance

may become large if human work is applied; to increase secondary

stands, grass land and planted foresté, or if the situation like the

drought of 19282 to 1983 followed by a large fire increases.

Pests which should be noted now are Platypodidae,'Scolytidae and
other 4 families. Since most of these bore felled ldgs, they can be
exterminated only by spraying pesticides on the felled or logged

treeg.

It is difficult to predict the 51tuat10n which w1ll occur with the
change of env1ronment, but agalnst ‘the pest and dlsease damage in
forests, emphasms should be placed_on the preventlon of regeneration.
Forxr this_purpose;'the fbreét ecosyétem:should be seriously con-
sidered, and ﬁealth:offa¢tuéi stands’ of Vifgin féfeéﬁéfand'sélection
forests must be surveyed, to establish a hea1thy.ecosystem, for pre-
servation,'thereby.preventing—the'regeﬁéfation_6f @iéease and pest
damage ,. as a gener-al prev’e’ﬁtliion and extermination system using a

pesticidée spray as an auxiliary means ., Study on this system is

...277.. .



required. As mixed planting is recommended in agriculture, a methog
for creating stands suitable for tropical forests and resistant to

pest damage must be examined.
(5) Afforestation of wilderness and clear cut areas

With the forests cut continuocusly, the outlook for a sﬁccessive

supply of straight, full-bodied and knot=-less timber as produced now
is said to be bleak. There fore, examination is required to be made
urgently on the succession of selection cutting, and researches must
be made on the artificial reproduction for destroyed grass land and

wasteland,

The preparation of forests by selection cutting has a difficulty
that tending must be made for a wide area for a long period of time.
To find a reliable method for afforesting clear cut areas and
wilderness in short periods of time, the study of artificial repro-
duction must be made simultaneously. For this purpose, it must be
effective to afforest environment by using Macaranga (Photo 26),
Kelempayan (Photo 27), Dillenia (Photo 28) and leguminous plants
{Photo 29), etc. spontaneously growing on clear cut areas and on
the roadside as intolerant trees or pionecr plants, and to introduce
commercial species into the forests. Purthermore, Caribbean pine,
Merkusl pine, Gmelina, Albizzia, Fucalyptus, and Giant Ipil ipil

which are already adopted for securing income should be examined.

If forest land has been covered with these pioneer species, to preserw
forest environment to some extent, then the seediings of

tolerant trees of commercial species such as Dipterocarpaceae

(Photo 30, Tables 32 and 40} and natural seedlings {(Photo 31} can be
planted. With most species, if seeds are collected and sowed in
optimum seasons, germination rates are high, but in forest land,

many die after germination. The growth of seedlings of commercial
gspecies in forest land is generally good, and the number of leaves

are also larxge. Especially Shorea leprosula has many leaves and is

surmised to be high in shade bearing capability. Therefore, the
regults of physiological and ecological studies on these commercial

Species'should be used in the studies for cultivation,
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Table 38 Plioneer tree species

1. Macaranga spp

a. Macaranga gigantea
b. Macaranga triloba
c. Macaranga hypoleuca
d. Macaranga converta

. Anthocéphallus spp

. Trema spp

2
3
4. Duabanga molucana
5

. Ficus ribes

. Vitex spp

6
7. Piper aduncum (Shrub)
8

. Peroncma 5P

Photo 26 Macaranga

Photo 27 Kelempayan
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Photo 28 Dillenia

Photo 29 Planted forest of Albizzia
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Photo 30 Pot nursery (6 months)
(practical training forest in Bukit Soeharto)

Photo 31 Natural seedling of Ulin
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Table 40 Growth of pot seedlings of Shorea smithiana
in the nursery of Sei Gulas Forest Bureau

Na. tleight Leaves No. Estimated}
(cm)_'. ) leaf area
(cm’)

1 25 4 356
2 18 s 445
3 24 6 534
4 28 5 445
5 20 6 534
& 42 7 623
7 36 8 712
8 41 8 712
9 36 6 534
10 30 6 534
11 35 9 801
12 |- 37 7 623
13 34 5 445
14 27 5 445
15 25 5 445
16 19 5 445
17 31 6 534
18 24 5 445
19 39 7 623

~ Imean 30.1 6.1 538
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In Indonesia, there are technigques such as mix cropping and tumpang
sari, and it is desirable that the conventional technigues avre
utilized for éfforeSting grass land as far as possibla, Further-
more, it is required to classify wilderness in terms of land use
capability for.selecting'géneral_land for afforestation, and to
claésify the planted land in tems of land use, and to study. the
development of the techniques for deciding the right side of each
species. '

in the large fire_that was involved in the droﬁght'of this time, it
was Found that corridor planting seemed to be improper. In this
reéard, studiés on the prevention of danger to various pure forests

including the setting of fire zones are required.

Furthermore based on these studies, it is required to set multiple
model stands,

The future of commercial species.

The commefcial épecies.in the Republic of Indonesia are classified
into those for export and those for non-export. This is decided by
conéidering the present situation of resources and the balance of
demand.and'supply, and may be changed yearly. Table 41 shows the

commercial species in 1982,

Table 41 Commercial tree species (as of 1982)

1. Meranti group spp (yellow; white and red meranti)
{(Shorea spp)

2, Kapur (Drycbalanops spp)

3. Agathis (Agathis borneensis)

4. Keruing (Dipterocarpus spp)

5. Benuang (Octomeles duabanga)

6

7

8

For export

. Medang (Dehassia spp)
Kayu kuku (Pericopsis sp)
. Nyatoh (Palaguitm spp}

1. Ulin (Eusideroxylon zwageri)

For .l 2. Bangkirai (Shorea -spp)

nen-export | 3, Rengas {Gluta renghas) :
4

. Kayu ‘bawang (Scorodocarpus borneensis
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7.

1)

2)

3

4)

5)

6)

7

8)

To examine the cultivation-of succeeding trees, it is necessary to
discuss the data to be used for selecting the species surmised to be
economically advantageous in long periods of time, and to consigder

the growth and wood quality.

Before beginning the preéént research, it was deemed necessary to
discuss the treatment to be made after selection cutting,.for the
reason that the studies on the methods of affbrestation and selec-
tion cutting had progressed substantially. However the discussion
was made based on the basic survey in the process of joint research
developed as mentioned above, and it was considered to be necessary
to make recommendations on the way of studylng, With this, the
first step to the ecological approach and to the land use capability

classification is surmised to have been taken.
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8., Summnary

The forests of East Kallmantan are mostly typical troplcal rain
forests based on Dlpterocarpaceae Though dlfferent from stand to stand,
in general the upper storey has a coarse crown canopy composed of 40 to
60 m forest trees mainly of Shorea, Dlpterocarpus, etc. of Dipterocarpaceae,
and supplies full~ bodled straight and giant tlmber. The ﬁiddie Storey has
many kinds of 30 to 40 m forest trees slightly densely, and the lower
storey has a dense crown canopy of many kihds of 15 to 30 m trees. ‘There-
fore, thé forest floor is dafk; ahd undergrowth is sﬁall.

The preéént research has ﬁeen made'for virgin forests and seiéctisn
forests in this area, a.nd has covered recommendatlons as to how to pursue
studies on the proper treatment of selectlvely cut areas and how to pursue

the silvicultural researches on tropical rain foresis.
{1) Method of selection cutting

From the stand qompositibns of virgin férests and selection forests
in Sebulu and Bukithoeharto,'ecological consideratioﬁ was féund to
be required in adopting the TPI system (Indonesiaﬁ Selectioh Cutting
System},'in order to continue the production of large diameter tim-
ber. That is, it was suggested that_considering_the.balaﬁde of
crown canopyICOmposition, the quantity and arrangement of'upper
storey treés according to -the rotafion must bngpecified in the
detailed rules for WOrEing. For this purpose,_it_was\indicqted that
regearches must be urgently made on . the preparation'of Site:index

concerned with species composition, tree height and breast height
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(2) -

(3)

(4)

diameter, the estimation of diameter growth of forest trees con-

qtltutlng the upper storey and middle storey crowns after selectlon

cuttlng
Preservation of succeeding trees

The damage to the forest trees constituting the upper and middle
crowns by selection cutting was investigated, and it was pointed out
that the actual unbalanced selection cutting could cause various
kinds of damages. It was pointea out too that studies are required
on the detailed rules for working, to maintain balanced crown ¢om-

positions, for minimizing damages.
Existence of saplings and f£illing up by planting

The nunbers of.saplinqs are generally very large, though'the regene—
ration of saplinés ié different to some extent Erom étand to stand
because of the differences in the arrangement of mother ﬁreés, con-
ditions of foxest fldor, etc. However, many vaﬁish, and to securé
their growth, studies on the control of light.conditions, etc. are
required. Therefore it was pointed out that in order to cultivate
saplings as succeeding trees, studies are required on tﬁe salvage
cutting tJmes, intensity, etec. for the forest trees constituting the
lower storey Crowns within the rotation, for ecologlcal control to
be specified in the detailed rules for working, of TPI.

Prevention and extermination of pest and

disease damage in forests :

In the complicatedly composed tropical rain.forests, as far as ecolo-
gical balance can be kept, the problem of pest and disease damage
will be minimised. However, for the pest damage to felled

trees, it is surmised to be safe, to cbligate the'chemical preven-
tion and extermination so far partially executed. ' Furthermore, if
the forest balance is lost basad on large-scale culting and logging
of forest, abnormal climate, etc., may be set in, which is ecologic-

ally disastrous. Thus, it was pointed out that studies on the

" prediction of the danger and early prevention and extermination

including the use of chemicals are required.
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with regard to .the foxtail of pine saplings, there is no established
theory. However, since it was suggested that the disease occurred
more in places with hwius or fertile.placés,_attention'should there-

fore be paid to_the balahce of nutrition, etc.

Not only when damage related to selection cutting is ihvolﬁed but
also in the other caées{ the decay of sapwood and corestock often
comes into queétion. This becomes a problem especially with the
“trees left after selection cutting. This should be consideréd,

when considering the security of future yield.
{5) Afiorestation of wilderness and clear cut areas

Since a road for g@iding people'into'the stand is constructed after
cutting by TPL, unplanned or noﬁ~conforming reclamation may destroy
" the forest or bring about a wilderness. Since there are techniques
such as mix cropping and tumpang sari in indonesia, the conventional
techniques should be used for afforestation of wilderness as far as
possible, and it is necessary to classify wilderness in terms of
land use capability for sglecting general land for afforestation, to
cléssify planted land in terms of land use, and to study the
development of technigues for deciding the 0pﬁimum land for each
species. For afforestation, studies must be made also on the
pioneér species, viz. species capable of forming forests and yieid—
ing in short pefiods of time as adopted in various countries and as
spread also'ih Indohesia, and also on the selectioh of pioneer spe-
cies from natural SPeéies. Since it was found that the corridor
planting said to be good for fire prevention in Alang-Alang Grass-
1and, was weak in abnormal drying, studies must be made on the
prevention of danger to various pure forests, including the setting up-
of fire zones. Tn the afforestation by these pioneer species, it is
desirable to select future commercial species for the lower storey,

for making two-storied forests.

For this purpose, it is required to develop and spread economical

and ecolegical techniques for securing seeds of Ulin, Shorea,
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(6}

Dipterccarpus, etc., producing seedlings, undergrowth, control of

upper storey trees for tending, etec., and also to set plural model
forests for the purpose.

when the research for this section was started, it was demanded
from Indonesia to study on the treatment to be made after selection
cutting for the reason that the studies on the methods of afforesta-
tion and selection cutting had advanced substantially. However, in
the discussion involved in the basic survey in the process of the
research, it was found necessary to recommend the studies as des-
cribed in (1) to (5) including the improvement of working made so
far, from a basic viewpoint. Thus, the first step to ecological

researches and land use capability classification researches can be

said to have been taken.
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