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Abstract: Problem statement: Introduction of mechanisation in oil palnEl@eis guineensis)
plantations could result in soil compaction andseasoil degradation. This could be a serious proble
in the future due to increase in size, weight aadgportation frequency of machines used. Objextive
This trial was carried out to evaluate the effeftdifferent trailer weights and transportation
frequencies on the soil physical properties of Berrseries soilApproach: The treatments were a
combination of three trailer weights and four tramation frequencies. At the end of 6 years of the
experiment, soil samples were taken for soil ptalgicoperties characterisation at 0-10, 10-20 aid 2
30 cm depthsResults: After six years of soil compaction treatments, isults showed that the mean
soil bulk density increased and the porosity desrdaannually. However, the mean soil bulk density
was still less than 1.0 g ¢lThe mean soil bulk density decreased with increpsimil depth, but
porosity and available water increased with soiptde The 3 rounds per month transportation
frequency for all trailer weights and 2 rounds peinth for the 4 tonnes trailer weight significantly
affected the soil physical propertigSonclusion: Generally, the results indicated that the 6 yedrs
compaction treatments did not cause serious saipeation that could alter the soil physical
properties for this particular soil type.

Keywords: Soil compaction, oil palm plantation, soil physipabperties, Machinery use

INTRODUCTION physical properties which could reduce soil
productivity. A study by Peraltat al.™) indicated that
Soil physical properties include soil texture, good management of soil physical characteristics
structure, porosity, soil density, drainage andfam& improves yield and fertilizer utilization.
hydrology. These properties have an important The Malaysian palm oil industry is very much
influence on plant growth and development as theydependent on labour for routine field management
determine the ease of root penetration, wateactivities such as harvesting, weeding, fertilisiangd
availability and gaseous exchange in the soil. Desp others. Mechanisation has been introduced to dihpa
fertilizer application, use of improved crop vaiéstand plantations since early 1980s, not only to overcome
control of pests and diseases, crop productivitnoad  labour shortage but also to improve production
be sustained if a soil's physical condition detexies. efficiency. Research and development has enhaheed t
The impact of soil compaction from the wheel t@fff  introduction of various mechanised in-field equiprme
heavy machines contributes to gradual alteratiosodf such as fresh fruit bunch collector, infield traoprs
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as well as a loose fruit collector, mechanical agegs locations in treatment plots and two locations fria
for fertilizer application and mechanised sprayfns  ‘harvesting path’ (under and between the wheetk&a
applications of herbicides and pesticides. and one from the ‘frond pile path’. For the control

The introduction of mechanisation has increasedglots, soil sampling was done at two locations enly
land to labour ratio in oil palm plantations, but one from the ‘harvesting path’ and one from the
machinery used in the field could have negative@f ‘frond pile path’. Soil sampling was done twice @ay
on the soil properties and hence crop productivityfor determination of soil bulk density, porosity dan
especially with the use of heavy machinery. Theavailable water. Soil bulk density and patrticle sign
severity and the extent of soil compaction resgltin were determined using the core metfodBulk
from mechanisation in oil palm plantation is not density is the ratio of a mass of dry soil (overedrat
extensively researched. Richaatcal.?) and Hamza and 105°C to constant weight) to its total volume. Soil
Andersof found that compaction induced by vehicle porosity was derived mathematically from bulk
traffic has adverse effects on soil properties sash density and particle density. The soil moisture
bulk density, soil strength, mechanical impedanceproperties were determined by using ceramic plades
porosity and hydraulic properties (infiltration @aand  obtain pF-curves. The soil moisture was forced afut
hydraulic conductivity). the soil samples by increasing the pressure in the

The objective of this study was to evaluate theextractor until equilibrium was reached. The maistu
severity and effect of compaction on the follows@l  content between field capacity and the permanent
physical properties: Soil Bulk Density (SBD), pdtgs wilting point is known as the plant available water
and Available Water (AW).

RESULTS
MATERIALSAND METHODS
Six years of compaction treatment produced

The trial was carried out at Melentang Estatesignificant changes in SBD in the Bernam Serie$ soi
Bagan Datok, Perak. The soil is a flat coastabterof =~ The annual mean SBD showed no significant annual
Bernam series soil (fine, mixed, isohypertherfflic) increase (Fig. 1). However, the mean SBD increased
The rainfall in this location is about 1400 mm aye with increasing trailer weight with a significamicrease
The soil textural classification is clay having ab60%  for the 3 rounds per month treatment as shown in
clay, 30% silt and 20% sand. The mean SBD andable 1. Both 0 and 2 tonnes trailer weights tresatis
particle density were found to be 0.8 and 2.45 g®cm showed no significant effects on mean SBD for the o
respectively, with a mean soil porosity of 67%. Theand two monthly rounds transportation frequency but
trial area was planted in 1996 with GH300 DxPwas significantly higher for 3 rounds per month.eTh
materials according to standard estate practice Thmean SBD for the 4 tonnes trailer weight increased
compaction trial was started in 2002 when the palmsignificantly with increasing transportation freqog
were about 7 years old. All field operations at ttiel ~ and produced the highest mean SBD for 3 rounds per
site, such as fertilizer applications, FFB evaamatind month with an increase of about 10.5% more than the
weeding were carried out manually according tocontrol. The locations under and between the tratks
standard estate practices. 10 cm depth (Fig. 2) were the most affected wherein

The treatments were a combination of three trailethe bulk density decreased with increasingdeiths,
weights and four transportation frequencies. Thieeth
trailer weights were OT (tractor without trailelT 1.10
(tractor with 2 tonnes trailer weight) and 4T (tac
with 4 tonnes trailer weight). The four transpddat
frequencies were 0, 1, 2 and 3 rounds per month wit
no vehicle traffic in the control plots. Each treant
block was 4.4 ha in size with each replicated fiwges.
A total of 60 experimental plots (15 control plasd
45 treatment plots) resulting in a total area oha2

Undisturbed soil samples were taken by using a
split tube sampler with sampling rings. The heighd
diameter of the sampling rings was 5 cm. The sargpli 005 o008 0007 o008
depths for soil physical properties characterisati@re

0-10, 10-20 and 20-30 cm. Soil sampling was dor at Fig. 1: Mean soil bulk density over 4 years (2009)
2007
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Table 1: Effects of trailer weight and transpodatfrequency on soil Sampling depths
physical properties il W 010 cm
Treatment Soil physical properties B 10-20 cm
) . ) ) 72 1[0 20-30 em
Trailer weight Frequency Bulk density Porosity Aable water 2
(tonnes) (rounds) (g cm) (%) (cm cn®) NET
Control Control 0.86a 64.90a 10.83a =
oT 1R 0.83a 66.12a  10.83a g
2R 0.82a 66.53a 1l1.14a & 68 4
3R 0.94b 61.63b 11.95a R=:
2T 1R 0.85a 65.3la 11.10a S 66
2R 0.85a 65.31a 11.46a @
3R 0.92b 62.44b 11.28a =
4T 1R 0.87a 64.49a 11.33a 64
2R 0.93b 62.04b 10.37a
3R 0.95b 61.22b 11.04a 62 L
Means followed by the same letter are not signifiiyadifferent at Under tyre Between Frond pile
p<0.05 track tracks path

Sarnpling locations

11 J Bampling depths
:ff;lgoiﬂm Fig. 3: Mean soil porosity at different sampling
— ) locations and depths
cva [ 20-30 em P
;9 14 - Sampling depths
ey M 0-10cm
g & E 10-20 cm
= 5 12 O 20-30 cm
E o 124
e Rt
= [,
5 107
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=
Under tyre Between Frond pile E
track tracks path % 8
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Fig. 2: Mean soil bulk density at different samglin 6- . ol -
; Under tyre EBetween Frond pile
locations and depths trach tracks path

. . _ Sampling locations
but it was still less than 1.0 g cfrand well below the

root-limiting critical rang&'. The different trailer loads Fig. 4: Soil available water at different sampling
used were not sufficient to affect the SBD at depth locations and depths
below 10 cm and the critical stress to cause maximu
compaction below the surface was not reached Wih t number of transportation frequency and resulteth@n
trailer loads used in this study. lowest mean soil porosity at 3 rounds per monthctvhi
A reduction in mean soil porosity was expected tovas about 5% lower than the control. Porosity
be inversely correlated to the mean SBD as it wagncreased significantly with soil depth for all &tions
derived mathematically from bulk density. The meanexcept in the frond pile path due to less soilutsance
soil porosity decreased with increasing trailer gi#i in this location. The most affected area was ti® @m
and decreased significantly at 3 rounds per mosth adepth (Fig. 3).
shown in Table 1. Both 0 and 2 tonnes trailer wisigh Table 1 also shows that mean Soil Available Water
treatments showed no significant effects on medn so(SAW) was unaffected by different trailer loads and
porosity for transportation frequencies of 1 and 2transportation frequency. Soil available water was
rounds per month but significantly lower at 3 rosind higher at the sampling locations under the tyrektra
per month. For the 4 tonnes trailer weight, them®azl  and between the two tracks compared to the froled pi
porosity was significantly reduced withcrieasing path (Fig. 4). As SBD increases, porosity decreaseal
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result of reduction in the size of macropores. This
would then increase the amount of micropores ththt w

retain more water in the soil.

DISCUSSION

Adrian et all? also found that compaction
increased available water content at 0-10 cm dbpth 2.
24-59% when compared to non-compacted soil. At
both 0-10 and 10-20 cm depths of non-compacted soil

the SAW was lower than that of compacted soil.

Optimum bulk densities of soils depend on soil

texture. Typical soil bulk densities range fron®-1

1.7 g cm® in soils with varying clay and water
content$!. Generally, soils with low bulk density

possess better physical conditions. Zhaetg al.’”
reported that a small four-wheel tractor (900 kased

significant soil compaction in the top soil (20 cm)
Increased frequency of traffic resulted in more

detrimental soil conditions. Adriag al.l”) studied the

effect of ground based logging on soil physical

properties and reported that soil bulk density-80&m
depth increased by 27% from 0.63-0.83 Mg in the

most compacted portions of traffic lanes. Totall soi
porosity decreased by 10-13% with compaction and

available water holding capacity increased.

Large pores are essential for water and air
movement in soil and are primarily affected by soil6.

compaction. Porosity is often significantly reducdter

years of planting. Available Water Capacity (AWG) i

much greater for silt loam soil than sandy loamnissoi
Sands have very low AW AWC in soils is in the
order clayey soils > loamy soils > sandy soilsnast

field conditions, soil moisture increases with dept

Increasing soil bulk density reduces available ppace
for air and water in the soil at a given depth.

CONCLUSION

After six years of soil compaction, the annual mea
soil bulk density and porosity increased and desgrgéa 9.

respectively. The soil bulk density and porosityttie
frond pile path was lowest and highest respectidely
to less soil disturbance and organic matter rettnora

frond decomposition. Mean soil porosity and avddab
water were higher with increasing soil depths. The
mean available water was higher in where tyre tracKDO.
moved and between the two tyre tracks where the soi

was compacted. These results indicated that inaésye
the treatments did not cause serious and deletesioili

compaction that could subsequently affect the soil
physical properties in the oil palm plantation on

Bernam series soil.
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