





















































on introduction and testing of coniferous species.
However, in a preliminary trial in northern Thailand
with four conifers, responses to both cultivation and
fertiliser were demonstrated, almost doubling height
growth after 14 months when both treatments were
combined (Granhof 1974). Unfortunately, it was
concluded that intensive establishment of only one
of the four species was profitable, and there seems
to have been no further work on nutrition and
establishment methods.

Substantial increases in growth of planted tropical
and subtropical eucalypts have frequently been
reported in field experiments following application
of fertilisers, particularly in combination with other
intensive establishment techniques (Schoriau 1983;
Ward et al. 1985; Yost et al. 1987). Growth
responses have most frequently been reported for
nitrogen and phosphorus so any new investigation
should concentrate first on these elements.

In view of the lack of information on response of
trees to nutrient applications in Thailand,
preliminary fertiliser experiments were commenced
in 1985. These trials were exploratory because
seedling stock and space available were limited at
the time. The principal aim of the experiments was
to determine potential for growth response to
phosphatic and nitrogenous fertilisers, singly and in
combination, in the three species under test.

Methods

Fertiliser experiments were set out in conjunction
with larger trials of Australian species and
provenances, established at Ratchaburi and Huai
Bong. Three species (Eucalyptus camaldulensis,
Acacia auriculiformis and Casuarina equisetifolia)
were chosen because they were expected to perform
well in adjacent species trials. Choice of these species
enabled both nitrogen-fixing and a nonfixing species
to be compared.

The design included six fertiliser treatments
(Table 1), with three replicates per site and three
species per plot over the two sites. Species were set
out in a standard pattern as subplots within fertiliser
treatment plots, which were allocated at random
within replicates. Subplots consisted of two rows of
10 trees each, providing 20 trees of each species per
plot. Spacing was I m between trees within rows and
2 m between rows, providjng an area of 2 m*/tree
(5000 stems/ha) and 40 m” in each subplot.

Triple superphosphate was used as the source of
phosphorus (17.5% P), and was applied at three
levels in factorial combination with nitrogen as urea
(46% N) at two levels (Table 1). A high level of P
was included to ensure that adsorption of phosphate
did not mask a potential response in
P-fixing soils. Fertiliser applications were made in
the following way:
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Table 1. Fertiliser treatments applied in experiments at
Ratchaburi and Huai Bong.

Treatment no.: 1 2 3 4 5 6
N level No Ny Ny N, N, N,
P level P P, P, Py, P, P
Where: Ng =0 N; = 100 kg N/ha;

Py =0 P, = 100 kg P/ha; P, = 400 kg P/ha.

(i) An application of 100 kg/ha of nitrogen
required 217 kg/ha of urea, which was equal to
44 g/tree. Since urea is very soluble, it can burn and
kill young seedlings if not applied carefully. The
total amount was therefore split into two
applications, one of 14 g applied at or soon after
planting, and the remaining 30 g applied after 3 or
4 weeks. The fertiliser was placed in a small hole
100-150 mm from each seedling, to avoid losses of
fertiliser or toxicity to seedlings.

(ii) An application of 100 kg/ha of phosphorus
required 571 kg of triple superphosphate/ha which
was equal to 114 g/tree. There is little danger to
seedlings from superphosphate fertiliser and the full
amount was spread over an area of 1| m? around
each tree. An application of 400 kg/ha of
phosphorus required 2286 kg of triple super/ha
which was equal to 457 g/tree. This amount of
fertiliser was also spread in one application.

Soil samples had been taken from each site prior
to installation of experiments and chemical
properties were determined by the Royal Thai Forest
Department. Measurements of height and diameter
were made 6 and 24 months after planting, and
samples of foliage were taken from trees for
chemical analysis at the same time. An equal mass
of young, fully formed leaves from the upper
crowns of at least six trees was removed to form a
composite for each plot. Samples were oven-dried
at 70°C and ground in Thailand, then sent to
Canberra for analysis of nitrogen and phosphorus
using a sulfuric acid, hydrogen peroxide digest and
automated methods of analysis (Heffernan 1985).
Results are presented for growth and nutrient
concentrations of trees at 24 months of age.

Results and Discussion

Soil texture at Ratchaburi was sandy clay loam to
30 ¢cm, in comparison with Huai Bong which was
sandy to 30 cm and graded into loamy sand to
50 cm. Soil chemical data (Table 2) show that while
available phosphorus was low at Ratchaburi, cation
exchange capacity was satisfactory. By comparison,
available phosphorus levels at Huai Bong were high
but cation exchange capacity was low. Organic



Table 2. Chemical properties ol soils at Ratchaburi (R) to 30 cm and Huai Bong (H) to 50 cm (means of three and four
sites respectively). Available phosphorus by Bray No. 2 method, pH by I:1 in water, organic matter by Walkley and
Black and cation exchange capacity using ammonium acetate.

Cation exchange

Available P pH Organic matter capacity
Depth (ppm) (%) (meq/100 g)
(em) R H R H R H R H
0-15 0.78 23.15 58 5.6 199 0.77 86 28
15-30 .14 9.49 59 56 1.64  0.23 78 2.9
30-50 ND  4.84 ND 5.7 ND 035 ND 4.0
ND = no data

Table 3. Mean height (h, m) and mean diameter at breast height over bark (d, cm) of Eucalyptus camaldulensis (EC),
Acacia auriculiformis (AA), and Casuarina equisetifolia (CE), 24 months after planting at Ratchaburi. Fertiliser
treatments as given in Table |; data represent mean values over the two nitrogen treatments.

Py P, P, Mean Sig*
Species h d h d h d h d h d
EC 7.64 4.83 8.05 5.24 8.25 5.24 7.98 5.11 ns ns
AA 4.40 2.99 4.51 3.04 4.79 3.28 4.57 3.10 ns ns
CE 4.32 2.31 4.73 2.57 4.29 2.51 4.44 2.46 ns ns

*Significance level of fertiliser effect, within species.

Table 4. Nitrogen (N) and phosphorus (P) concentration (mg/g) in foliage of three species, 24 months after planting at
Ratchaburi. Fertiliser treatments as given in Table 1; data represent mean values over the two nitrogen treatments
(species as for Table 3).

Py P, P, Mean Sig*
N P N P N P N P N P
EC 16.0 1.08 15.5 1.10 16.6 1.27 16.0 1.15 ns 0.001
AA 25.7 1.18 24.4 1.23 26.8 1.42 25.6 1.27 ns 0.01
CE 19.4 0.99 19.7 1.25 22.1 1.88 20.4 1.37 0.05  0.001

*Significance level of fertiliser effect, within species.

Table 5. Mean height (h, m) and mean diameter at breast height over bark (d, cm) of three species at Huai Bong, 2
years after planting. Fertiliser treatments as given in Table 1; data represent mean values over the two nitrogen treatments
(species as for Table 3).

Py P, P, Mean Sig*
h d h d h d h d h d
EC 3.23 2.46 4.04 3.38 3.70 2.97 3.66 2.94 ns ns
AA 0.97 0.54 2.12 1.21 2.14 1.38 1.74 1.04 0.05 ns
CE 0.77 0.48 1.46 0.67 1.42 0.98 1.21 0.71 0.05 0.05

*Significance level of fertiliser effect, within species.

Table 6. Nitrogen (N) and phosphorus (P) concentration (mg/g) in foliage of three species 24 months after planting at
Huai Bong. Fertiliser treatments as given in Table 1; data represent mean values over the two nitrogen treatments
(species as for Table 3).

Py P P, Mean Sig*
N P N P N P N P N P
EC 11.7 1.31 11.4 1.32 1.1 1.47 11.4 1.36 ns 0.05
AA 18.5 2.07 19.3 2.18 21.7 1.71 19.8 1.98 0.05 ns
CE 15.0 2.45 15.2 2.57 16.9 2.57 15.7 2.53 ns ns

*Significance level of fertiliser effect, within species.
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