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ABSTRACT 

The oil palm is increasingly cultivated on acidic soils such as acid sulphate soils and peat soils where 
hyperacidity sy mptoms of desiccation of lower _(,-ands have been commonly reported. Ho.rever, the 
causal element for the hyperacidity has not been identified. Thus, a prelimina,y study 1rns carried out 
to distinguish the effects of Al3

+ and F toxicities on oil palm seedlings (7 months old) under 
hydroponic system. This study consisted of two experiments: Al3

+ treatments (0, 1.0 and 50.0 mA1 
AICl3) and F treatments (pH 4.94, 2.99 and 2.37). Results showed that the oil palm seedlings 
exhibited toxicity symptoms 4 days after treatment with 50 mM A/Cl3 whereas it took 28 days to 
appear under pH 2. 3 7 treatment. High Al concentration or low solution acidity would depress K and 
Mg concentrations in the leaf, stem and roots of oil palm seedlings. P uptake was reduced 
significantly by low solution acidity but high Al concentration had little effect. Instead, the P 
concentrations of the stem and root were significantly enhanced by lmM AlCl3 treatment. High Al 
concentration lowered the B and Fe concentrations in the stem and roots but low solution acidity did 
not have any significant effect. These experiments showed that the field symptoms of hyperacidity 
resembled Al3

+ toxicity more than F toxicity. 

Keywords: oil palm, hyperacidity, Al3+ and H+ toxicities, toxicity symptoms 

INTRODUCTION 

The oil palm is increasingly cultivated on acidic soils such as acid sulphate_soils and peat soils where 
hyperacidity symptoms, which are expressed as desiccation of lower fronds, have commonly been 
reported. Hyperacidity is detrimental to the growth and yield of oil palm (Poon and Bloomfield, 
1977). The main characteristic of acidic soils is low pH, and when soil pH is less than 4.0, the plants 
are likely to suffer from Al3+ and H+ toxicities (Saigusa et al., 1980). Also, high Al3+ or H+ 
concentration will lower the availabilities of soil nutrients such as P, K, Ca, Mg or B. 

Trivalent cations especially Al3+ are regarded as a phytotoxic species in acidic conditions (Delhaize 
and Ryan, 1995). Moreover, high Al 3+ concentration in the soil solution is more harmful compared to 
high H+ concentration especially on root growth (Fox, 1979). Hence, the first symptom of Al3+ 
toxicity in plant is usually associated with the inhibition of root growth (Ryan et al., 1993; Ishikawa 
and Wagatsuma, 1998; Doncheva et al., 2005). 

Al treated plant has reduced light absorption because of its lower chlorophyll concentration with 
consequent poorer shoot dry weight (Jiang et al., 2008). Although most plants are sensitive to 
hyperacidity, oil palm was found to be moderately tolerant to soil acidity (Auxtero and Shamshuddin; 
1991; Cristancho et al. , 2010). However, it is still unclear whether Al 3+ or H+ causes hyperacidity in 
oil palm. Also, the development of hyperacidity symptoms of oil palm has not been well defined. 
Therefore, a study was carried out to distinguish the effects of Al 3

• and H+ toxicities on oil palm 
seedlings (7 months old) in hydroponic system. 
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MATERIALS AND METHODS 

An experiment using hydroponic system was conducted at the Crop Protection Laboratory of Applied 
Agriecological Research (AAR) Sdn. Bhd. in Selangor, Malaysia. It consisted of two parts; Al3+ 
treatments (0 mM AlC13, 1.0 mM AlC13 and 50.0 mM AlCh) and H+ treatments (pH 4.95, pH 2.99 and 
pH 2.37). The pH of W treatments were similar to those of Al3+ treatments whereby the highest pH 
corresponded to the lowest rate of Al3+ treatment and vice-versa. The pH of the nutrient solution was 
adjusted with O. lN HCl. The experiment was conducted using a completely randomized design 
(CRD) with 3 replications. Dura x pisifera (DxP) oil palm seedlings (7 months old) were transplanted 
into 3 L containers from sand culture. The seedlings were grown in aerated, distilled water for a week 
and subsequently with half-strength of Hoagland nutrient solution for another week to acclimatize 
them. The nutrient solutions were changed at weekly intervals. The toxicity symptoms of roots were 
observed daily under a stereoscope microscope. 

Before each part of the experiment was terminated, the photosynthesis rate of each seedling was 
measured using LI-6400 portable photosynthesis system (constant factors were flow rate= 500µmol 
mor' , reference CO2= 400 µmo! mor' , sample CO2= 400 µmo! mor ' and quantum flux= 800µmol nf2 

f 1
). The A1 3+ treatments were harvested after 17 days of trea tment, whereas H• treatments were 

harvested after 49 days . The different time of harvesting was due to differential symptom 
development of hyperacidity as caused by Al ·1• and H 1

• The plant samples were oven dried at 80°C 
until constant weight. The ground leaf, stem and root were digested and analysed for P, K , Mg, Band 
Fe concentrations using Perkin Elmer Optima 7300 DV Inductively Coupled Plasma-Optical 
Emission Spectrometer (ICP-OES) while Al concentration was analysed using the Perkin Elmer 5100 
Atomic Absorption Spectroscopy (AAS). 

Data were analyzed using analysis of variance (ANOV A) and significant differences were tested 
using Least Significant Difference (LSD) at 5% significant level. The analyses were carried out using 
Statistical Analysis System (SAS) version 9.1 (SAS Inst. 2004). 

RESULTS AND DISCUSSION 

Al concentrations in leaf, stem and roots of oil palm seedlings significantly increased when treated 
with 50 mM AIC13 (Table 1). The highest Al3+ concentration was found in the roots followed by stem 
and leaf. At 1 mM A1Cl3, the oil palm roots were able to retain the absorbed Al3+ and prevented its 
translocation to the stem and leaf, and thus avoiding visible toxicity symptom. In contrast, there was 
no significant difference in Al concentrations when the seedlings were treated with different H+ 
concentrations (Table 2). The Al concentrations in all the palm components were low probably 
because of the seedlings were planted in sand culture prior to trial commencement. 

The oil palm seedlings exhibited toxicity symptoms 4 days after treatment with 50 mM A1Cl 3 whereas 
it took 28 days to appear under pH 2.37 treatment. Under 50 mM A1Cl 3 treatment, the oil palm roots 
were the first organ to show damage where the root tips turned brown and consequently broke off 
allowing the cytoplasmic materials to flow out (Figure la). This resulted in the appearance of "empty" 
roots. Subsequently, the older leaves showed marginal chlorosis followed rapidly by necrosis as the 
symptoms developed towards the leaf petiole and the younger leaves (Figure 1 b ). The oil palm 
seedlings died 9 days after treatment. Under the low pH 2.37 treatment, the roots of the oil palm 
seedlings also turned brownish but only after 4 weeks. In the first 4 weeks of treatment, the root caps 
may tum necrotic and dropped off but the roots continued to elongate (Figure 2a). The oldest leaf 
showed marginal chlorosis and necrosis at 28 days after treatment and was completely necrotic after 
49 days. Unlike high Al concentration, the younger leaves showed little or no symptoms even after 49 
days of treatment (Figure 2b ). 
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Figure 1. Al3+toxicity symptoms on (a) shoot and (b) root 

(a) 

Figure 2. Ir toxicity symptoms on (a) shoot and (b) root 

Photosynthetic rate of the seedlings under high Al3+ concentration showed a significant decline 
(Figure 3). Similar results were obtained for seedlings treated with low solution pH (Figure 4). In Al3+ 
treatments, nutrient concentrations in leaf, stem and root were significantly different except for B and 
Fe concentrations in the leaf (Table 1 ). However, B and Fe concentrations in all the seedling 
components were unaffected by the low solution pH (Table 2) . Both high Al3+ concentrations and low 
solution pH depressed K and Mg concentrations in the leaf, stem and roots of oil palm seedlings. In 
Al treated plant, the root tip was the most affected organ as observed by Ryan et al. (1993). This, in 
tum, reduced the uptake of K and Mg from the nutrient solution (Table 1 ). The mechanism for the 
poorer K and Mg uptake by oil palm seedlings in low solution pH (Table 2) might be attributed to the 
inhibition of proton being "released by ATPase activity as demonstrated by Schubert et al. (1990) for 
field beans. This mechanism would also explain the depressed P off-take by oil palm seedlings in low 
solution pH (Table 2), which requires energy. The experiment showed higher P concentrations in the 
leaf, stem and roots of oil palm seedlings when treated with lmM A1Cl3 although they declined 
sharply at higher Al3+ concentration (Table 1 ). This might be explained by the findings of Osaki et al. 
(1997) which suggested that plant growth can be stimulated by Al application resulting in enhanced K 
uptake by the roots provided they are not severely damaged by high Al 3+ concentration. B and Fe 
concentrations in the stem and roots were depressed by high Al 3+ concentration (Table 1) but not in 
low solution pH (Table 2). This implied that Al 3

' was more harmful than Ir especially on root growth 
(Fox, 1979) and nutrient uptake. Furthermore, the higher the level of Al 3+ in nutrient solution, the 
greater is the increase in ionic strength when compared with H+ solution of equivalent pH. This would 
reduce the plant tolerance to Al (Mascarenhas et al., 1984) resulting in quicker expression of toxicity 
symptoms. 
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Figure 3. Effect of different Al3
+ levels on photosynthesis rate. 

Means with the same letter were not significant at p>0.05 using LSD test . 
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Figure 4. Effect of different Ir levels on photosynthesis rate. 
Means with the same letter were not significant at p>0.05 using LSD test. 

Table 1. Nutrient concentrations in Al3
+ treatments in leaf, stem and root 

Treatment Nutrient concentration 

Location AICl3 Al p K Mg B Fe 

mM % m /k 

Leaf 0 0.03b 0.21a 1.80a 0.35a 14.29a 158.30a 

I 0.03b 0.29a 1.38b 0.26b 15.54a 163.90a 

50 0.31a 0.18b 1.33b "0.30b 13 .72a 170.65a 

Stem 0 0.06b 0.28b 1.55a 0.49a 15.77a 299.6a 

0.06b 0.43a 1.58a 0.29b 16.62a I 76.7ab 

50 0.68a 0.24b 1.1 b 0.25b 10.3 7b 125.lb 

Root 0 0.24b 0.16b 1.05a 0.29a 9.8a 711.4a 

0.23b 0.34a 1.22a 0.13b 10.66a 330.33ab 

50 0.74a 0.13b 0.36b 0.09b 3.98b 435.Sb 

*In the same column, means with same letter indicate no significant differences at p>0.05 
using LSD test. 
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Table 2. Nutrient concentrations in H+ treatments in leaf, stem and root 

Treatment Nutrient concentration 

Location H+ Al p K Mg B Fe 

H % m /k 

Leaf 4.95 0.0la 0.67a 2.31b 0.41a 20.78a 158.0a 

2.99 0.0la 0.78a 2.72a 0.33b 25.63a 161.6a 

2.37 0.02a 0.33b 1.94c 0.33b 24.45a 180.2a 

Stem 4.95 0.12a 0.96a 2.15b 0.50a 23.2a 151.6a 

2.99 0.07a 0.96a 2.62a 0.40ab 18.89a 163.4a 

2.37 0.12a 0.54b 1.78c 0.27b 22.44a 135.95a 

Root 4.95 0.0la 0.53a 2.04b 0.20a 19.21a 262.43a 

2.99 0.0 la 0.62a 2.27a 0.16b 20.25a 307.33a 

2.37 0.0la 0.22b 0.86c 0.!0c 16.66a 304.38a 

*In the same column, means with same letter indicate no significant differences at p>0.05 
using LSD test. 

CONCLUSION 

This study showed that there were differential hyperacidity symptoms of oil palm as caused by Al 3+ 
and H+. The symptoms developed faster in AJ3+ toxicity than H+ toxicity. Nevertheless, the effects of 
AJ3+ toxicity and W toxicity on nutrient concentrations were similar for K and Mg. However, Al 3+ 
toxicity and H+ toxicity had different effects on P, Band Fe concentrations of oil palm seedlings. This 
experiment showed that the field symptoms of hyperacidity of oil palm resembled Al 3+ toxicity more 
than W toxicity. . 
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