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One problem in any plantation forestis the determination of an appropriate management
regime, which includes the final crop trees for species being grown for the first time. In
Malaysia, growth data and management regimes on plantation grown species are only
available on a few species, e.g. exotic tree species in the Compensatory Forest Plantation
Project (Ahmad Zuhaidi 1993, Ahmad Zuhaidi et al. 1996), some indigenous tree
species (Ng & Tang 1974, Ahmad Zuhaidi et al. 1995) and dipterocarps of the Haurbentes
Experimental Forest in Java (Masano et al. 1987). Azadirachta excelsa (Jack) Jacobs (Meliaceae),
an indigenous tree species with multipurpose properties and a fast rate of growth, has been
identified as a preferred tree species for large-scale planting. Itis a large tree that can attain
50 m in height with an open-crown and terminal bunches of leaves (Mabberly & Pannell
1989). Wyatt-Smith (1952) ranks the tree as an intermediate between the emergent and
main canopy in the natural forest. In the humid tropics, it is generally evergreen but may
be deciduous for up to three months under a more seasonal climate.

A few research plots of this species exist in the Bukit Lagong Forest Reserve, Selangor,
Peninsular Malaysia (3° 14'N, 101° 38' E}. One of the plots was measured for both its tree-
stand parameters, growth and crown size. The 0.19-ha stand of A. excelsa was established
at Field 27in January 1954. Mean daily temperature ranges from 27 to 32°C. The annual
rainfall is between 2000 and 2900 mm. The stand is located at the lower ridges of the
Reserve at 100 m above sea-level. Aspects are southerly and westerly. The soil is light
reddish loam, shallow with underlying rock and granite. The drainage is good. In the
planting trial, 143 seedlings were line-planted at a spacing of 3.6 X 3.6 m ( 771 trees ha).
The area was covered with ferns, lallang (Imperata cylindrica) and secondary forest prior to
establishment. Weedings and climber cuttings were carried out in the first five years after
planting. No thinning was carried out.

Measurements were taken for the first time in 1995. Table 1 shows the standing stock of
40-y-old A. excelsastand. As a result of mortality mainly caused by competition, the density
had declined to 358 trees ha' in 40 years. The results are similar to the estimates given by
Ahmad Zuhaidi and Weinland (1995) and for other high quality timber tree species.

Measurements of crown size were taken on 15 standing A. excelsa trees as there were no
other size class trees greater than 40 cm diameter at breast height. Selected trees were
assumed to be representative of a freely growing mature stand. The selection criteria were:

(a) diameter at breast height of stand average and above

(b)  crown ratio of about 40% (ratio of crown proportion and tree length expressed
in percentage)

(c)  bolelength 20-25 m

(d) stand age

413



414 Journal of Tropical Forest Science 10(3): 413 - 416 (1998)

Table 1. Standing stock of planted Azadirachta excelsa at Bukit Lagong Forest Reserve,
Selangor, Peninsular Malaysia (ha' values)

Age N h,. d,. hg Ilg G 12 V.
(m) (cm) (m) (m) (m?ha') (m*ha') (m*ha'y')

40 358 28.9 52.9 27.5 35.3 36.22 620 15.5

Note:

N . number of trees ha'

ko :  dominant stand height (100 biggest trees ha')

d,. :  diameter of dominant trees

A mean height of the stand

rl‘ : mean diameter of the stand

G :  basal area ha'

vV :  volume ha'

Vs mean annual volume increment for standing stock

The maximum crown spread of selected trees was measured using a measuring tape
(Suri 1975, Kleine & Weinland 1991). The radii were measured by holding one end of
the tape at the middle portion of the trunk and moving away from the base of a tree in a
predetermined direction to the fringe of the crown. The reading on the measuring tape
was the radius of the crown spread along this direction. Lengths or radii of the crown
spread were measured in four directions at right angles to each other. Each radius was
then converted into crown projection area measurement (CPAz). These areas were added
and divided by four to get the average crown projection area (ACPA) in m*(Kleine &
Weinland 1991), i.e.

ACPA = Z(7f *3.142) / 4
where 7, =radius in m.

The final stems ha' (N) for closed canopy conditions are given by

N = (10000 / ACPA) *3.142 / 4

We assumed that the canopy at stand maturity was closed and that there were no gaps
between crowns. Figures in Table 2 show that the average diameter at breast height of
the measured trees was 52.1 cm ( 41.5-80.5 cm) and the average crown projection area
was 54.3 m? (47.3-99.4 m?). For a completely closed canopy the calculated final crop trees
with average diameter at breast height of 52.1 cm was 144 trees ha' .
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Table 2. Results of crown measurement of Azadirachta excelsa stand at Bukit Lagong Forest Reserve,
Selangor, Peninsular Malaysia, 1995

No  dbh 7,  CPA 1, CPA, r,  CPA, r,  CPA ACPA, d
(em) (m)  (m?) (m)  (m? (m)  (m?) (m)  (m? (m?)  (m)
1 654 618 1199 6.13 1180 565 1003 435 594 99.4 113
2 415 360 407 485 739 3.68 425 320 322 473 78
3 527 272 232 312 306 320 322 487 745 401 71
4 470 495 769 312 306 214 144 445 622 460 76
5 518 150 7.1 344 372 552  95.7 357 400 450 76
6 550 452 642 460 664 415 541 316 314 540 83
7 553 474 706 353  39.1 343 370 225 159 406 7.2
8 475 445 622 812 306 240 181 359  39.8 377 69
9 419 495 770 487 745 256  20.6 260 212 483 7.8
10 469 523 859 596 1116 415 541 332 346 715 95
11 529 324 330 385  46.6 364 416 446 625 459 76
12 491 425 567 355 396 345 374 512 823 540 83
13 467 382 458 355  39.6 324 330 274 236 355 6.7
14 477 685 1474 634 1263 560 985 1.54 7.5 949 109
15 805 425 567 215 145 3.67 423 576  104.2 544 83
Av 521 54.3

7,.....t, : crown radii
ACPA : average crown projection area for completely closed canopy
d_ : calculated crown diameter
CPA,.. CPA, : areas of crown

The assessment shows that plantation grown mature dominant and co-dominant trees
will have attained a crown projection area of 54.3 m* during a growth period of 40 years.
Based on the assumption of a completely closed canopy stand this would be equivalent to
a possible stocking of final crop trees of 145 ha' . Itis presently not known as to how many
trees need to be planted under regulated plantation management (with thinning, etc.), in
order to achieve this final stocking. The results, however, provide some guide to
formulating realistic production targets, but they have to be judged with caution, since they
were obtained from an unreplicated trial with a limited number of trees. They may be
refined by conducting more of these comparatively simple studies on existing plantation
plots taking into consideration different site conditions and, if carried out, stand treat-
ments.
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