


































Chapter 13 

Response of Australian Tree Species to Nitrogen 
and Phosphorus in Thailand 

R.N. Cromer 

Abstract 
Acacia auriculiformis and Casuarina equiselijolia responded to applications of phosphorus 

fertiliser at Huai Bong in northern Thailand, but not at Ratchaburi, near Bangkok. A smaller 
response by Eucalyptus comaldulensis at Huai Bong was not significant. Growth was generally 
poor at Huai Bong compared with Ratchaburi (height of E. camaldlllensis less than 4 m and 
approximately 8 m, respectively, in 24 months). No response to nitrogen ferti!iser was evident 
at either site. 

Growth responses to phosphorus occurred at Huai Bong, despite high levels of available soil 
phosphorus and lack of a general increase in foliar concentrations of phosphorus following 
fertiliser application . However, foliar nitrogen concentrations in Acacia and CaslIarina increased 
in phosphate-treated plots, suggesting that nitrogen fixation was enhanced by fertilisation with 
phosphorus . Site characteristics other than phosphorus nutrition probably limited growth rates 
at Huai Bong. 

Application of phosphorus fertiliser at Ratchaburi resulted in substantial and significant 
increases in foliar phosphorus concentrations in all species despite lack of a (significant) response 
in growth. Better growth rates at Ratchaburi were probably due to more favourable physical 

- aM-GhemicaLfotheu.haILphospllOlU£) access to groundwater. 
Results from these experiments demonstrate that soil characteristics of potential P1antation ­

sites in Thailand vary considerably, resulting in variable growth rates and response to applied 
nutrients. Nutrition should receive greater attention when planning research projects with 
Australian tree species in Thailand. 

Introduction 

Inherent fertility of many tropical soils is low. In 
natural forests of tropical regions, most nutrients 
available for plant growth accumulate in living and 
dead biomass, and clearing frequently leads to rapid 
deterioration in carbon, nitrogen and exchangeable 
cations. Thus, productivity of plantations managed 
on short rotations may not be sustainable over 
several rotations. Potential nutritional problems 
were identified in fast-growing plantations in 
lowland humid tropical regions by Chijioke (1980), 
and theoretical nutrient balance sheets calculated for 
short rotation plantations indicated some soils will 
require supplemental nutrients (Jorgensen and 
Wells 1986). 

Experience with rubber plantations in Malaysia 
has shown that use of phosphate fertiliser at 
planting. followed by application of a complete 
fertiliser, is required for good establishment 
(Watson 1973). Sowing of cover crops in 
conjunction with establishment of rubber 
plantations helped arrest the process of soil 
deterioration following clearing (Pushparajah 
1983). While evidence of responses to added 
nutrients in rubber plantations has been available 
for many years (Pushparajah 1966). research into 
fertiliser use in tropical plantations intended for 
wood production in developing countries has been 
limited due to their high cost. 

In Chiang Mai, Thailand, a Thai-Danish Forestry 
Project started in 1969 and concentrated primarily 
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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 treatment~ 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 (Schoii.au 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 auriculijormis and Casuarina equiselijolia) 
were chosen because they were expected to perform 
well in adjacent species trials. Choice of these species 
enabled both nitrogen-fixing and a non fixing species 
to be compared. 

The design included six fertiliser treatments 
(Table I), 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 providing an area of 2 m2/tree , 2 
(5000 stems/ha) and 40 m in each subplot. 

Triple superphosphate was used as the source of 
phosphorus (17.5070 P), and was applied at three 
levels in factorial combination with nitrogen as urea 
(46070 N) at two levels (Table I). 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.: 2 3 4 5 6 

N level No No No NI NI NI 
P level Po PI P2 Po PI P2 

Where: No = 0 NI = 100 kg N/ha; 
Po = 0 PI = 100 kg P/ha; P2 = 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 I m2 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 of 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: I in water, organic matter by Walkley and 
Black and cation exchange capacity using ammonium acetate. 

Available P pH Organic matter 
Cation exchange 

capacity 
Depth 

(ppm) (070) 
(meq/IOO g) 

(cm) 
R H R H R H R H 

0-15 0.78 23.15 5.8 5.6 1.99 0.77 8.6 2.8 
15-30 1.14 9.49 5.9 5.6 1.64 0.23 7.8 2.9 
30-50 ND 4.84 ND 5.7 ND 0.35 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 auriculijormis (AA), and Casuarina equisetijolia (CE) , 24 months after planting at Ratchaburi. Fertiliser 
treatments as given in Table I; data represent mean values over the two nitrogen treatments. 

Po PI P2 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 n5 

"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 I; data represent mean values over the two nitrogen treatments 
(species as for Table 3). 

Po PI P2 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 S. 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 I ; data represent mean values over the two nitrogen treatments 
(species as for Table 3). 

Po PI P2 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 n5 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 gi ven in Table I; data represent mean values over the two nitrogen treatments 
(species as for Table 3). 

Po PI P2 Mean Sig-

N P N P N P N P N P 

EC 11.7 1.31 11.4 1.32 11.1 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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