
INTRODUCTION

palm oil in the market. This has caused new oil palm plantations to move into 
hilly and steep land areas due to limited fertile, lowland areas. Little or no canopy 
cover can cause large losses to soil, nutrients and organic matter on sloping lands 
(Ghulam et al.
retain topsoil which is susceptible to soil erosion, reduction on soil productivity 
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is highest among the four treatments. Besides, EFB had the highest humic acid 

showed that aggregate stability of EFB was the highest among four treatments 

(p p
soil pH (p p
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commonly practised in oil palm estates was found to be the best practice on sloping 
lands due to its high organic matter and humic substances content that retain soil 
particles by improving soil aggregate stability and aggregation. 
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is light and easy to handle, it is usually used as mulching material to prevent 
erosion on hill slopes. Ecomat also enhances roots growth resulting in increased 

EFB as a mulching material in oil palm plantation include improved water holding 

usually stacked across the slope as mulching material to reduce soil erosion, have 

nutrients for oil palm growth development. Besides the use of EFB, palm fronds 
and Ecomat, silt pits, which are long and wide trenches, are dug on to terraces to 

soil moisture content in comparison to no conservation practices.  

organic matter which acts as a binding agent that binds mineral particles into 

correlate with aggregate stability due to the binding action and other microbial by-
products (Haynes et al. et al
There is also a relationship between soil organic carbon and aggregation. Since 
the interactions of organic matter with metallic cations and clay particles play a 
crucial part in soil aggregate stability, the loss of organic matter is closely related 

macrostructural stability of soils by forming a hydrophobic coating around the 

et al.
that humic substances can be used as soil conditioners as the humic substances can 

Humic substances are important in soils due to their microbial recalcitrant 

solutions. Humic acids are soluble in alkaline solutions, but precipitate in acidic 
solutions. Fulvic acids are soluble in both acidic and alkaline solutions. Fulvic 
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Little is known about the amount of soil organic constituents in these four 
types of soil conservation methods in order to determine which method is best to 

the relative differences in organic constituents and aggregate stability and factors 
affecting these two soil parameters between the four soil conservation methods.

MATERIALS AND METHODS
Field Experiment

c kg-1

 (Moradi et al.

and silt pit. Application rate of each treatment is shown in Table 1. Duration of the 

Measurement of Organic Matter

carbon. The percentage of organic matter was obtained by multiplying the 

TABLE 1
The four different treatment applications used in this study

TABLE 1 
The four different treatment applications used in this study 

 
Treatment  Application  

Control  Oil palm frond heaps after pruning  
(* approx. 4.28 kg m- 2 yr -1 dry matter)   
 

EFB  1000 kg plot -1 year-1 arrange d in a single layer  
(* approx. 11.93 kg m - 2 yr-1 dry matter)
 

Ecomat  4 Ecomat carpets, each 1 × 2 m and 0.02 m thick arranged in a single layer  
(* approx. 3.23 kg m- 2 yr -1 dry matter)  
 

Silt pit  1 m wide, 4 m long, 0.5 m deep    

*Data obtained from Moraidi et al. (2012)  
 



46

Lee Ying Ping, Christopher Teh Boon Sung, Goh Kah Joo and  Aboalfath Moraidi

Measurement of Al and Fe oxides

centrifuge tube. Before the sample was shaken on a mechanical shaker overnight, 

Measurement of Humic Substances 

The supernatant was decanted and shaken overnight with 5 g of anhydrous sodium 
sulphate before centrifugation. Secondly, for fractionation of humic substances, 

fulvic acid remained in acid solution. To separate humic acids from fulvic acids, 

for 1 week with daily change of distilled water whereas humic acids were further 

-1.

Measurement of Soil pH in Water

Physico-chemical properties of EFB, Ecomat and palm frond
TABLE 2 

Physico-chemical properties of EFB, Ecomat and palm frond 
 

       
 C/N*  P, %*  K, %*  Ca, %*  Mg, %*  Water 

content, w/w, 
%*  

EFB  56.15  0.05  1.89  0.20  0.12  64.17  
Ecomat  82.09  0.03  1.13  0.17  0.05  12.58  
Palm 
frond  

41.38  0.05  1.51  0.64  0.07  65.57  

* Data obtained from Moraidi et al . (2012)  
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Measurement of Aggregate Size Distribution and Aggregate Stability
Nested sieves method was used to determine aggregate size distribution (Kemper 

Statistical Analysis

RESULTS AND DISCUSSION

Organic Constituents

p Fig. 
1a Fig. 1b

et al
have shown that high organic matter content in EFB improves chemical and 

that EFB is better than Ecomat in improving soil chemical and physical properties 
(Teh et al.

content (p Fig. 2
content of humic acids. EFB had the highest humic acid content compared to the 
others, about two times higher than control. Furthermore, only the interaction 

p
(Fig. 3

-1 -1, respectively. However, in the September 

the December sampling, the silt pit had the highest fulvic acids content, which 
-1

in most Malaysian mineral soils. In this study, control, Ecomat and the silt pit 
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had higher fulvic acids than humic acids.  However, in the EFB treatment, humic 
acids content was higher than the fulvic acids content. This suggests that EFB as a 

organic constituents are slower compared to the others treatments. Furthermore, 
organic matter released was the highest in the EFB treatment, thus the humic acid 
content would also be high in the EFB treatment.  

p Fig. 4

(b)

Fig. 1: Organic matter content at (a) 0-15 cm and (b) 15-30 cm soil depth. 

(a)

Silt pitEcomatEFBControl

b

a
Silt pitEcomatEFBControl
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p Fig. 5

p 
Fig. 6

as organic matter content in soil. It is also known that during EFB decomposition 
et al.

This basic cation caused the soil pH to increase gradually.

Fig. 2: Humic acids averaged across soil depths and time.   

Fig. 3: Fulvic acids averaged across soil depths. 

a a
a

Silt pitEcomatEFBControl
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Fig. 5: Al oxides averaged across soil depths. 

Fig. 4: Fe oxides averaged across soil depths.  

b

Silt pitEcomatEFBControl

a

Silt pitEcomatEFBControl
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Fig. 6: Soil pH averaged across soil depth and time. 

Fig. 7: Aggregate stability averaged across soil depth and time. 

a

a
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Soil Aggregate Stability and Aggregate Size Distribution
p < 

Fig. 7

Fig. 8
in September and December samplings. Both samplings indicated that aggregate 

study period in EFB, Ecomat and silt pit. This might be due to the need for a longer 

duration for organic constituents of mulching materials to affect soil aggregate 
stability and aggregation. Moradi et al.

in order to improve soil chemical and physical properties.
Iron (Fig. 4 Fig. 5

with June and December samplings. In contrast, organic matter (Fig. 1
acids content (Fig. 3
particular EFB and Ecomat were estimated to fully decompose after 9 months of 
application resulting in high amounts of organic matter content in the September 
sampling (Teh et al.

Fig. 8: Aggregate size distribution averaged across soil depths. 

a a a a a a

Silt pitEcomatEFBControl
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Correlation Between Soil Properties
p

(p
with metal-binding agents. Soil pH in tropical soils, in particular in Malaysian 

material such as EFB, soil pH and humic substances may have increased, leading 
to Al and Fe chelation to humic substances. Therefore, the effectiveness of Al 

particles in this case is not as promising as the effectiveness of organic matter or 
humic substances. Moreover, both EFB and Ecomat are not good sources for Al 
and Fe.

Results show that humic acids correlated with soil pH (p
stability (p p
substances persist in soil as they can form stable and strong coordinate bonds 
between organic ligands on the humic substances and metals in soil (Syuntaro 
et al. et al
and improvement in water retention capacity were observed by adding humic 

aggregation and the size of the aggregates in the soils when small amounts of 

responsible for soil aggregation properties rather than organic matter content 

and aggregation is closely dependant on humic acids for retaining soil particles 
between the four different soil conservation methods.

TABLE 3 
Correlation coefficient (r) between soil properties (n = 12) at 0-15 cm soil depth 

 HA  FA  OM  Al  Fe  AS  AGG  
FA  0.19  

OM  0.14 0.48   
Al  -0.15  -0.56  -0.65**
Fe  -0.25  -0.55  -0.6**  0.83*  

AS  0.82* 0.19  0.13  -0.04  -0.13    
AGG  0.74* 0.11  -0.03  -0.02  -0.26  0.75*   

pH  0.88** 0.75  0.68  0.07  -0.1  0.93** 0.85**  
* indicates p < 0.01 and ** indicates  p < 0.05.  
HA: Humic acids (mg kg ¹); 

Fe: Fe oxides (%); AS: Aggregate stability (%) and AGG: Aggregate 
 size distribution (mm).

Al: Al oxides (%); 
FA: Fulvic acids (mg kg ¹); OM: Organic matter content (%); 
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CONCLUSION
Humic acids correlated with soil aggregation, aggregate stability and pH instead 

treatments, application of EFB as a mulching material commonly practised in 
oil palm estates was the best practice for sloping lands due to its high amount 
of organic matter and humic acids which assist in retaining soil particles by 
improving soil aggregate stability and aggregation.
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