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Introduction

Soils containing rock fragments represent about 30% of
the Western European surface area and about 60% in the
Mediterranean zone (Poesen & Lavee, 1994). In China, about
18% of the nation’s land mass is mountains composed of
stony soils. In Malaysia rock fragments within the soil profile
is not becoming too demanding to be studied due to heavy
precipitation throughout the years. The other advantages of
rock fragments contribution is towards the soil media which
important in urban agriculture the soil ratio of soil and rock
fragments mixtures (soil composite) as a medium for plant
growth.  Thus, soils containing coarse fragments are
important as a medium to grow plants and supply water.
Most research so far has dealt with the effect of the rock
fragment covers on infiltration and hydraulic conductivity or
percolation processes on sloping areas and not in lowland
areas. These variables are studied with the aim of
understanding how their management contributes to the
amount of water stored and the ability of plant roots to take
up water, especially with respect to arid and semi-arid plants.
The water flows in variably saturated porous media and the
amount of water in the profile system can also be measured
using the modelling approach.

This will generate important knowledge about how rock
fragments interact with the root water uptake by native
vegetation, which could in turn determine the pattern of
water redistribution within the landscape and the integration
of the surface and subsurface hydrological processes that
contribute to the stabilisation of the ecosystem. Motivated by
this knowledge gap, we set out to describe soil hydraulic
properties using binary mixtures (i.e. rock fragment
inclusions in a soil matrix) based on individual properties of
the rock and soil. As a first step of this study, special
attention was devoted to the SWRC, where the impact of
rock content on the SWRC was predicted using specific
equation model for 5 different mixing ratios of soil matrix
and rock. The SWRC for each mixture was obtained from the
mixing model analysis created using Van Genuchten
retention curve model and the combination of mixing model
based on rock fragments mixtures and water content
parameters of selected soil textures. The resulting data for the
studied mixtures yielded a family of SWRC indicating how
the SWRC of the mixture is related to that of the individual
media, i.e., soil and rock. A specific model is also developed
to describe the hydraulic properties of the mixture as a
function of the individual properties of the rock and soil
matrix. A few types of rock fragments were used in the
experiment to observe the effect and roles of rock fragments

within the soil profile on water storage for root plants uptake.
The first part of this project deals with the presence of rock
fragments and provides information about: i) the significant
effect of various types of rock fragments influencing
hydrological characteristics of the mix composite substrate
(soil + rock fragments); and ii) the available water content at
field capacity in the profile that could be taken up by plant
roots over time. So, the goal of this research component is to
determine if rock fragments significantly affect the water
storage and POME sludge might improve vegetation
establishment. Rock fragments mixing with soil and by
application of treated POME sludge as organic amendment
might improve available water capacity and fertility status of
the composite (soil+rock fragments + POME sludge). The
increasing demand of palm oil was driven by the increasing
consumption of vegetable oil due to the growing human
population (Corley, 2009). Due to this condition, palm oil
production had grown rapidly and led to a growing concern
about its environmental and ecological impacts. Increasing
global demand for palm oil was mainly supplied by the
increasing production in Malaysia (Lee, 2009) and it was
likely to increase in coming years (Wahid et al., 2008). The
competition for palm oil usage between food, the feedstock
for chemicals and biodiesel had put palm oil in the limelight
and resulted in a controversial global debate (Reijnder &
Huijbregts, 2008). The debate had revealed the importance of
considering sustainability for palm oil production (Tan et al.,
2010).

In Malaysia, there were 4.69 million hectares of land
planted with oil palm with a total annual processing capacity
of 92.78 million tonnes of oil palm fresh fruit (MPOB, 2009;
Tan et al., 2010; Wan Razali et al., 2012). According to Tan
et al. (2010), there were 406 currently active palm oil mills in
Malaysia, which produced palm oil effluent mill (POME).
POME was the most polluted organic residue generated from
palm oil mill (Baharuddin et al., 2010). POME was
consisting high organic content mainly oil and fatty acids and
able to support bacterial growth to reduce its pollution
strength. Indeed, the anaerobic process was the most suitable
approach for its treatment (Mumtaz et al., 2008).
Unfortunately, in Malaysia, the most popular method for
POME treatment was the open pond system utilized by more
than 85% of the mills due to low cost and economic value
(Baharuddin et al., 2010). POME sludge was consisting high
nutrient value (Zakaria et al., 1994). The contents of treated
POME sludge was identified suitable and in accordance with
the standard of WHO-ML for human consumption and safety
in term of heavy metal elements and microorganism (Table
1). However, the sludge was having a bad odor and
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considered as a source of surface and ground pollution.
Therefore, the industries player were focused on cost-
effective and sustainable technologies to dispose this
industrial sludge. According to Khairuddin et al., 2016 in the
recent studies showed that proper management and treatment
processes of POME sludge in the ponds might utilize this
abundant materials into the beneficial organic matter for
plant consumption. Due to that, it is possible in the upcoming
years equipped with proper treatment techniques and
methodologies the abundant POME sludge issues would be
resolved as it was possible to utilize as an organic fertilizer.
According to Chan and Chooi (1984), palm oil mill effluent
sludge was possible to be dried and used as a fertilizer due to
its high nutrients content.

2. Rock fragments mixing model
Genuchten analysis

(RFM) and van

When observing the effects of rock fragments on the
intensity of hydrological processes, a differentiation between
rock fragments at the soil surface and rock fragments below
the surface was important. Rock fragments that are resting on
the soil surface or partly incorporated in the topsoil affect
rainfall interception, rock flow (i.e. runoff generated by the
rock surface), infiltration, overland flow (generation and
hydraulics), as well as evaporation. Rock fragments situated
below the soil surface affect percolation, infiltration rate and
surface runoff. Poesen & Ingelmo-Sanchez (1992) found that
the percentage of the rock fragment cover (determined by the
distance between rock fragments) is an important factor in
controlling the continuity of overland flow along a hillslope.
It is important to understand the effects of rock fragments on
the dynamics of moisture content on the soil surface and
below.

More research needs to be done in order to characterize
the relationship between the rock fragment covers with the
water from rainfall to identify the conditions under which the
water is infiltrating and percolating, and is stored. In a wet
year (about 663 mm of rain during the growing season),
Kosmas et al. (1994) observed that the biomass production of
rain-fed wheat along catenas on shale-sandstone soils
containing about 40% to 65% of rock fragments was 60 to
80% higher than the biomass production on marl soils that
had no rock fragments at all. The different capacity of these
two soil types to support wheat growth could be attributed to
differences in clay mineralogy, soil structure and rock
fragment content. Tetegan et al. (2015) demonstrated that the
rock fragments could contribute to the available water
content (AWC) of stony soils, and neglecting the rock
fragments content in the soil profile might underestimate soil
available water content (SAWC). Rock fragments could act
as water reservoir in the soil for root uptake and water might
exchange between rock fragments and soils within the profile
(Mi et al., 2016).

The van Genuchten (vG) function is often used to
describe soil water retention curve (SWRC) of unsaturated
soils and fractured rock. Water retention curve is the
relationship between the water content, 0, and the soil water
potential, y. This curve is also called the soil moisture
characteristic. It is used to predict the soil water storage,
water supply to the plants (field capacity) and soil aggregate
stability. The equation was proposed by van Genuchten in
1980 with the expression as below:

The van Genuchten water retention model predicts rock
fragments water content according to the matric potential
using the following equation:

(v)= (05 0, 1+ (e Je (= m) (1)

where W is the matric potential in cm or the x value; 6s and
Or are the residual and saturated water contents, respectively;
and o, n and m are fitting parameters that are directly
dependent on the shape of the 6 (‘¥) curve. It is assumed that
m is equal to 1 — 1/n, and the parameters 0s, Or, a.and n are
used from the databases. This equation is used to obtain the
amount of plant-available water for selected soil and rocks
fragments without the application of the mixing model.

Typically, the parameters of the van Genuchten model
(1980) were estimated by fitting the model against discrete
(8, v) data pairs that can be obtained using a pressure plate
extractor (Dane et al. 2002). Such analyses are time-
consuming. The alternative methods to obtain the soil water
retention curve (SWRC) in a rapid way is vital. As such,
pedotransfer functions have been proposed often to estimate
either the parameters of the van Genuchten model (1980) or
the soil water content at certain matric potentials using
readily available soil properties. Therefore, determination of
hydraulic properties through measurements that can be
executed relatively fast and with a limited amount of work,
has gained growing interest. In comparing various analytical
expressions to describe the soil water retention curve
(SWRC) between saturation and —1500 kPa Cornelis et al.
(2005) demonstrated that the van Genuchten (1980) and
(Kosugi, 1994) models were superior to others. Although the
van Genuchten model often fails to describe the observed
trend in matric potential beyond the residual water content, it
remains widely used.

Most research has been focussed on the soil rather than
the rock fragment water retention, consumption and water
use, with little information on the combination or mixing
rock fragments with soils. The mixing of rock fragments and
soils may improve water availability in the profile compared
to soils alone. The mixing model was created and modified
in this experiment based on the formula of van Genuchten
equation (1980) to estimate the available water content in the
mixed profile. Generally, rock fragments alone could retain
water even it is limited. Mixing of rock fragments and soils
(mixing model from van Genuchten equation) may contribute
to additional water storage because of contribution of rock
fragments to water holding capacity. The ratio of rock
fragments in the mixed model affects the amount of water
storage as well as water exchange among the rock fragments
and soils. More research is needed to investigate the
relationship and distribution of water in rock fragments and
soils when mixed in the same profile.

The mixing model equation was used to predict the
water storage in rock fragments and soils on the amount of
available water capacity. Water retention curves from rock
fragments mixed with soils were simulated and plotted based
on the van Genuchten mixing model equation:

e;i”:(e;sji"—ei” r,i")ﬁ+(a;i”[w]T(ni))F(mi) )
0 comp = Iiwiei

i=1
6comp =wg0g +(1—wg )0,
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where Omp IS Water content of a mixture of rock fragments
and soils or sand, Oy saturated water content of rock
fragments, 0y, saturated water content of soils or sand, Wk,
percentage of rock fragments and soils or sand used in the
mixing model analysis. The above equation was used to
estimate available water content when the soils and rock
fragments were mixed at different percentages ranging from
5 to 95% soil. Various patterns of water retention curves for
the mixtures might provide useful information regarding
plant available water. The simulation was done at field
capacity and permanent wilting point for all the rock
fragment mixed with selected soils. In the rock fragments
mixing model (RFM), simulation was initiated from 10 kPa
until 1500 kPa and the pattern from the mixing graph would
show the amount of water content at -10 kPa and -1500 kPa
(available water capacity) or plant available water. Plant
available water was defined as the difference between the
soil field capacity (8y) and permanent wilting point (8y)
water contents. The equation is as below:

PAW = 0 — Oy 3)
3. Treated Palm Oil Mill Effluent Sludge

Palm oil mill effluent (POME) consists of suspended
solids and dissolves solids which were left in the mills and
discharged into the treatment ponds commonly named as
palm oil mill effluent sludge. Therefore, the amount of
sludge was increased significantly due to the large quantity
of POME production each year (Khairuddin et al., 2016).
POME sludge was consisting high nutrient value (Zakaria et
al., 1994). The contents of treated POME sludge was
identified suitable and in accordance with the standard of
WHO-ML for human consumption and safety in term of
heavy metal elements and microorganism (Table 1).
However, the sludge was having a bad odor and considered

Table 1: Physicochemical analysis of POME sludge
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as a source of surface and ground pollution. Therefore, the
industries player were focussed on cost-effective and
sustainable technologies to dispose this industrial sludge.
According to Khairuddin et al. 2016 in the recent studies
showed that proper management and treatment processes
such as hydraulic retention time (HRT) and water retention
curve technique (WRC) in the ponds might utilize this
abundant materials into beneficial organic matter for plant
consumption. These processes might produce the new
materials which is called as treated POME sludge (TPS).

Due to that, it is possible in the upcoming years
equipped  with  proper treatment techniques and
methodologies the abundant POME sludge issues will be
resolved as it is possible to utilize as an organic fertilizer.
Comparison between final compost and POME mixing with
empty fruit bunch (Wan Razali et al., 2012), POME
anaerobic sludge (Baharuddin et al., 2010) and POME sludge
(Khairuddin et al., 2016) were identified that the nutrients
and heavy metals showed that there were insignificant
difference. Nevertheless, the content of nitrogen, totally
solid, volatile solid, ferrum, and calcium of POME sludge
was higher rather than final compost and anaerobic POME
sludge. In addition, the C/N ratio value showed that maturity
stage of decomposition was below 15 which was already
stable. According to Chan and Chooi (1984), palm oil mill
effluent sludge was possible to be dried and used as a
fertilizer due to it’s high nutrients content. Drying was
conducted in the open ponds, but during the raining seasons,
this process was disrupted due to the slow rate of drying and
overflow problem. . In the present study, the treated POME
sludge was used as soil amendment for maize growth due to
its high nutrients content after adopting some procedures in
the open treatment ponds before it was applied as soil
amendment.

Parameter POME Sludge Final compost POME anaerobic sludge
(Khairuddin et al., 2016) (Wan Razali et al., 2012) (Baharuddin et al., 2010)
Carbon (%) 25.53 38.5 315
Nitrogen (%) 4.21 2.7 4.7
C/N ratio 6.35 13.8 6.7
Moisture content (%) 68.46 49.3 95.0
pH value 7.40 7.5 7.40
Total solid (%) 32.40 - -
Volatile solid (%) 89.43 - -
POME Sludge Final compost
Heavy metal elements (Khairuddin et al., 2016)  (Wan Razali et al, 2010) WHO-ML Standard
Copper (mg/kg) 45.05 + 2.87 70.40 + 21.60 75.00
Chromium (mg/kg) 27.86 + 0.55 9.30+0.20 150.00
Cadmium (mg/kg) 0.41+0.01 4.10 + 0.50 1.90
Zinc (mg/kg) 130.11 + 3.49 90.70 + 10.00 140.00
Plumbum (mg/kg) 0.38 +0.10 4.20 + 1.60 0.30
Nickel (mg/kg) 10.77 + 0.15 n.d 67.00
Manganese (mg/kg) 422.56 + 12.04 250.40 + 25.10 500.00
Nutrient elements POME Sludge Final compost
(Khairuddin et al., 2016) (Wan Razali et al, 2010)
Ferrum (%) 2.24 +0.02 1.20+0.30
Potassium (%) 0.03+0.01 0.03 +0.20
Calcium (%) 1.67 +0.04 0.70+0.20
Magnesium (%) 0.55 +0.02 1.00 +0.10
Phosphorus (%) 0.08 +0.01 1.30 +0.20
Sulfur (%) 0.30+0.01 1.20 + 0.40

WHO-ML; Codex Alimentarius Commission (FAO/WHO). Food additives and contaminants. Joint FAO/WHO Food (2001)
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4. Potential Usage of treated POME sludge in Agriculture

Usage of organic waste on land was necessary for
sustainable agriculture (Silva, et al., 2010). Furthermore,
utilizing POME sludge might increase soil quality and
environment as well as economic performances. On the other
hand, application of organic matter based on oil palm waste
such as empty fruit bunch (EFB), decanter cake and POME
in agriculture had been well utilized (Embrandiri, et al.,
2013). However, the actual practices was different where the
POME sludge was still left abundantly and underutilized by
the industrial players. Proper management and treatments of
POME sludge might become possible for the plantation to
utilize it as fertilizer. According to Aroujo et al. (2009), the
main intention was finding a solution in an ecological way to
use POME sludge without environmental risks and recycling
it as an organic waste. Meanwhile, the potential of organic
waste with high content of organic matter and nutrients could
be used as fertilizer for the plants (Singh, et al., 2015; Melo,
et al., 2007). Nevertheless, the important characteristics of
sludge was its nutrient quality, C/N ratio, trace elements, pH,
moisture, and heavy metals. Indeed, these could give
significant effect on soil nutrients and plant performances
(Singh et al., 2015). In the recent studies by Khairuddin et
al., (2016), proper management and treatment techniques
applied, the POME sludge was able to be converted into an
organic amendment (treated POME sludge)(TPS) for plant
establishment. Significant results were produced on the effect
of soil properties and plant growth after application of treated
POME sludge (Khairuddin et al., 2017a).

5. Water retention curves and rock fragments mixing
model (RFM)

This study conceptually investigated how rock
fragments contribute to the dynamics of available water at
the soil surface and below using the van Genuchten water
retention equation. Rock fragments with good porosity and
hydraulic conductivity were chosen for the analysis of the
mixtures with soils differing in texture. The mixtures tested
in the present study ranged from 5% to 90% of rock
fragments in soils. However, only the mixtures with 30%,
50% and 60% of rock fragments were presented to facilitate a
comparison with the reported literature. The difference in
water content greater than 10% was considered significantly
different (Isabelle et al. 2003). In this experiment, 10 types of
rock fragments were characterised; however, only five rock
types were chosen as representative samples in terms of
water holding capacity at variable matric potentials (-33 to -
1500 kPa) measured by the pressure plate membrane method
and modelled using the van Genuchten mixing model
equation (Table 2.3). The lowest measurement point was -
1500 kPa, the permanent wilting point (PWP) for most
agricultural plants.

The water retention curves of  weathered
metamorphosed shale (Red Shale) measured by the pressure
plate membrane method (Fig. 1A) and calculated by the van
Genuchten mixing model (Fig. 1B) were in good agreement.

There was no difference between measured and modelled
water content at -33 kPa for Red Shale rock fragments. The
available water capacity (AWC, between -33 kPa and -1500
kPa) of the Red Shale was 0.02 cm® cm™ (Fig. 1C). In the
mixture of 30% Red Shale rock fragments with silt loam soil,
AWC was non-significantly lower (0.154 cm® cm®)
compared to silt loam soil (0.168 cm® cm™) (Fig. 1C). When
the proportion of rock fragments increased to 50% and 60%
in the mixture with silt loam soil, the AWC decreased
significantly compared to 30% mixture and silt loam soil
(Fig. 1C).

We could assume that in the arid or semi-arid areas in
which soil and rock fragments were mixed for conservation
and rehabilitation purposes, if the presence of rock fragments
did not exceed 30% (except for sandy soil), the available
water content in the profile might not be significantly altered
compared with soil. In a range of tested rock fragments (such
as Red Shale, Ferry Sandstone, Permian Siltstone, Telfer and
Weathered rock) there was significant difference in available
water capacity between silt loam soil and 30% rock
fragments mixtures.

The water content of Ferry Sandstone rock fragments
between -33 kPa and -1500 kPa was relatively low (Fig. 2A).
In contrast, silt loam soil had much higher water content than
Ferry Sandstone rock (Fig. 2B). In comparison, at -33 kPa
(field capacity), the water content was 0.393 cm® cm™ in silt
loam soil and 0.076 cm® cm® (80% lower) in Ferry
Sandstone rock fragments (Fig. 2B). Hence, an increased
proportion of rock fragments in the mixtures resulted in a
decrease in the AWC (Fig. 2C). In general, most rock types
tested in this experiment might retain substantial amounts of
available water, with the 30% rock fragment mixtures having
either comparable of available water content (AWC). Higher
proportions of rock fragments (50% to 60%) in mixtures with
soils might allow evaporation loss to occur and would lower
the amount of water retained, potentially hindered root
elongation and plant growth.

This might give us a different perspective and
understanding on water storage within the soil horizon
mixing with the rock fragments content. In a dry climate,
where water storage was limited for the plants, water stored
in or below rock layers was relatively safe from evaporative
loss, thus it could be utilized effectively by the root systems.
The mechanical impedance of rocks and hardpans may
restrict the available root volume for water uptake. When
plants lack water, they expand their root systems in the deep
rock layers, widening gaps and exposing more rock surfaces
to weathering (Schwinning, 2010). The capacity of plant
roots to extract water held by rock fragments compared to the
mixtures of rock fragments and soils needs to be explored
more in the further work. Rock fragments may play an
important role in certain conditions (e.g. where water is
limited or the soil layers are shallow) providing water
accessible to plants, thus increase remediation options in
some ecosystems (eg. minesite rehabilitation).
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6. Soil chemical properties

According to Embrandiri et al. (2013) reported that
palm oil mill effluent (POME), palm kernel cake, decanter
cake, empty fruit bunch and palm kernel shell were potential
to be processed and used as an organic matter amendment for
land application. Recently, some studies were using decanter
cake with lady's finger (Embrandiri et al., 2013), tannery
sludge with capsicum plants (Silva et al., 2010), cowpea
(Silva et al., 2013) and olive mill waste with lettuce and
chicory (Kelepsei and Tzortzakis, 2009) as their organic
matter materials for soil amendment. Unfortunately, only a
few studies were focused on POME sludge as a soil
amendment for the plant growth. According to Khairuddin et
al. (2016), the treated POME sludge was identified equally
balance with C, N, and macronutrients (P, K, Ca, Mg, S, Na).
Mostly, these elements were vital for soil fertility status and
increased productivity of the crops. Moreover, heavy metals
content in POME sludge were determined in accordance with
the standard of WHO/FAO that safe for human consumption.
POME sludge increased organic matter content, decreased
bulk density and provided more nutrients in the soil.
According to Hao et al. (2008), stated that the application of
organic amendments generally elevates the soil organic
matter and microbial biomass contents to a much greater
extent. Indirectly, it could also assist in producing high yield
as well as the better growth of the plant.

7. Soil physical properties

Application treated POME sludge might enhance soil
physical properties and improved fertility status of the soil
(Khairuddin et al. 2016). According to Dexter (1988),
organic matter content reduced the soil bulk density and soil
compaction. El-Shakweer et al. (2008) were also reported
that the organic matter was able to increase soil porosity and
infiltration rate. According to Hati and Bandyoopadhay
(2011), the addition of organic matter increased aggregation
and pore volume and showed a positive effect on the
saturated hydraulic conductivity of the soil. Improvement of
soil physical and hydraulic properties would increase crop
yield and quality. The plant available water (PAW) was
determined by the different of water content between field
capacity and permanent wilting point in the soil. In addition,
the plant available water might assist the efficiency of
nutrients uptake in the soil to the plant (Karlen et al., 1994).

8. The effects of POME sludge on plant growth

Growth morphology and performance was important to
determine the potential biomass of the plant that affected the
used of various fertilizer applications (Silva et al, 2010).
Indeed, a similar effect was shown by organic fertilizer in the
growth media (Singh and Agrawal, 2009; Silva et al, 2010).
Some studies were shown the significant growth of shoot,
root and total biomass of plants such as capsicum (Silva et
al., 2010), lady finger (Singh and Agrawal, 2009), Chinese
cabbage (Wong, 1996), sesame plant (Gupta and Sinha,
2006) and beetroot (Aggarwal and Goyal, 2007). Gas
exchanges properties were important to identify the needs of
plant growth (Box, 1996). Moreover, there was important to
observe the interaction between physicochemical needs with
the gas exchange parameter including net photosynthesis
(Ane), stomatal conductance (Gg), internal CO, concentration
(Cy), and transpiration rate (E,).

8.1. Growth morphology and performance

The effect of treated POME sludge on the morphology
and growth parameter was vital to observe. Morphology and
growth parameter was observed and measured such as plant
height, diameter, leaf number, leaf area, root density, ears
length, ears diameter, ears biomass, leaf biomass, shoot
biomass and root biomass. Morphological analysis revealed
that the performance of organic amendment positively affects
the plant growth. Organic amendment based on oil palm had
shown as the suitable substitute of inorganic fertilizers
(Embrandiri et al., 2013). The treated POME sludge showed
a positive effect on the crop, due to the high nutrients content
in the organic matter. All the measurements were directly
influenced the physical growth of maize (Khairuddin et al.
2016).

Plant biomass was derived from the plant material that
included leaves, brunches, barks, woods, and roots. Dry
matter was the basic fundamental aspect of identifying the
importance of biomass for the plant. These could be observed
from the previous research publication on plant physiology.
According to Silva et al. (2010) reported that total biomass
was able to justify the effectiveness of the plant growth in
any treatments in the plant trial. According to Hunt (1982),
the growth parameter was formulated by correction of leaf
area ratio (LAR) (1), specific leaf area (SLA) (2), leaf weight
ratio (LWR) (3) and the root-shoot ratio (RSR) (4). Below
are the details:

LAR (cm?g™?) = Leaf area (4)

Total biomass

SLA (cm*g?) = Leafarea (5)
Leaf biomass

LWR (cm?g™) = Leaf biomass (6)
Total biomass

RSR (cm?g™) = Root biomass (7)
Shoot biomass
8.2 Gas exchange properties

According to Abdul-Hamid et al. (2011) the
measurement of net photosynthesis (Ane), Stomatal
conductance (Gs), internal CO, concentration (C;), and
transpiration rate (E.) were used to measure the respond of
plants towards the environment. According to Silva et al.
(2010), gas exchange content indicates the effectiveness of
plant could obtain nutrients for the growth. An organic
fertilizer from tannery sludge (Silva et al. 2010), POME
decanter cake (Embtandiri et al., 2013), and POME sludge —
humic and fulvic acids (Mia and Shamsuddin, 2010) reported
an increase in gas exchange and chlorophyll formation at
growing stage. Additionally, chlorophyll content had also
increased the pigment content in the plant. Meanwhile, there
were no negative effects on plant growth after application of
organic sludge (Silva et al., 2010).

According to Abdul-Hamid et al. (2011), there was a
positive linear between photosynthesis clean (An) and
stomatal conductance (Gs) was obviously related to the
environment and leaves morphology. In addition, the
correlation could be modulated in the long term with the
growth conditions such as nitrogen, light environment, and
high CO, concentrations (Wong et al., 1979). The
combination pattern of stomata-photosynthesis model was
the cause of the changes in physiological capacities of
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photosynthesis and patchy stomatal closure (Uddling et al.,
2005) and low leaf water potential (Kramer and Boyer, 1995
and Abdul-Hamid et al., 2011). Furthermore, the abundance
of CEC in soil affected the stomata conductivity for the gas
exchanges on the guard cells and epidermal turgor in the cell
(Franks et al., 2001).
9. Effect of POME sludge on root length density and
shear strength

Plant root system is important in the interaction with
the soil that contributes more than shoot system. According
to Hedley et al. (2010) reported that evaluations of plant root
systems are particular limits with the soil matrix. However,
analysis on the root density could possibly determine the
potential production of the plants. The root density could
highlight the reliability to sequester certain element such as
carbon in the soil properties (Hedley et al., 2010). Indeed,
root density had the potential to increase water use efficiency
by optimizing the used of subsoil water and to recapture
nitrate (Besharat et al., 2010).

Soil strength was derived from direct shear test
method which the frictional resistance met by soil constituent
particles when they were forced to slide over one another or
to move out of interlocking positions (Khairuddin et al.,
2017). The shear strength extent to which stresses or forces
were absorbed by solid-to-solid contact among the particles,
cohesive forces related to chemical bonding of clay minerals,
and surface tension forces within the moisture films in
unsaturated soils (Isa et al., 2017). The presence of roots
would result in an overall increase of the soil strength.
According to Khairuddin et al. (2017), the treated POME
sludge was able to give positive effect by increasing soil
shear strength with low cohesion and high angle of internal
friction value which significantly contributed by the root
densities. This arises from the combined effects of soil
reinforcement by a mass of roots (Mohamad Nordin et al.,
2011) and soil moisture depletion by evapotranspiration (Ali
and Osman, 2008). Other factors, which affected the soil
strength was soil moisture content, particle size distribution
(soil texture), and the mineralogical content of the different
soil series.

Generally, the graph showed that the shear strength
was obtained after the application of normal stress at 100 kN
m?2, 200 kN m? and 300 kN m™ in all samples. The peak
strength or shear strength was plotted for the different POME
sludge treatments that were used in the experiment. The
different types of POME sludge were differentiate based on
maturity stage of decomposition in the treatment ponds.
Relatively, the dumping pond (DP) treatment was low
cohesion, ¢, while the angle of internal friction, ¢, increased
and the shear stress at failure was obtained from the shear
strength equation. The maximum shear strength in DP
treatment was 500.72 kN m?, ¢ was 30° and the root length
density (RLD) was observed at 334.16 g m™ (Table 2). The
treatment with high root length density (RLD) in algae pond
(ALP) with 271.7 g m™ showed the decreased of cohesion
value to 135 and ¢ value was slightly increased. The maize
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treated with DP treatment indicated high shear strength
compared to all the treatments (Figure 3). (Ali and Osman,
2008) reported that roots system and roots length density
(RLD) increased the shear strength of the soil. The cohesion
value in control treatment was slightly lower than the other
treatments. While the cohesion value (c) was low, the
¢ value tends to increase.

600
¢-DP
5 500 0
1 #  O-ALP
= 400
E | FP
g0 X ANP
g 200 P
%100 Control
0
0 100 200 300 400
Normal Stress (KN m-2)

Fig. 3 : Relationship of shear stress and normal stress for POME
sludge treatment (control, MP, ANP, FP, ALP, and DP) (Khairuddin
etal., 2017)

Table 2: Soil and POME sludge treatment indicated root
density and shear strength parameter of Entisols (Khairuddin

etal., 2017)

Angle of

Root density Cohesion !nternal Shear strength

Treatment (cm om?) (© Friction (kN m?)
(@) ©
Control 75.53 140 25° 422.95
MP 143.69 135 26° 449.67
ANP 203.02 130 27° 454.39
FP 258.24 120 28° 462.83
ALP 271.7 100 29° 464.14
DP 334.16 80 30° 500.72

Note: MP sludge (Mixing ponds sludge), ANP sludge (Anaerobic
ponds sludge), FP sludge (Facultative ponds sludge), ALP sludge
(Algae ponds sludge) and DP sludge (Dumping ponds sludge).

10. Effect of POME sludge on microbial present

Microbial in POME sludge was vital in the digestion
process. This study had identified that microbial of anaerobic
bacteria was presesent such as methanogenic bacteria (1),
acetogenic bacteria (2) and acidogenic bacteria (3) (Figure 4
and 5). According to Mata-Alvarez (2003) that these
bacterial activities were important in the decomposition
process. According to Kankal (2012) the anaerobic
breakdown or digestion was assisted by the methanogenic
bacteria.
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Fig. 4 : FESEM micrograph (Magnification 20000x) treated POME sludge structure with acetogenic and methanogenic
bacteria in dumping pond. (Khairuddin et al., 2016)

Fig. 5 : FESEM micrograph (Magnifiato 200x) deecte colonization acienic bacteria in treated POME sludge.
(Khairuddin et al., 2016).

Conclusion

By using water retention measurements from rock
fragments mixing model (RFM) analysis, | found some rock
fragments were able to increase water content in the mixtures
with soil (30% mixture), contributing to the available water
capacity (AWC) that could be used for plant uptake. Mixing
of 30% to 60% rock fragments with soil decreased AWC in
case of silt loam and loam soils, but might increase it in case
of sandy soil. Further research as part of the field experiment
will be conducted to observe the performance of plant
species at different proportion of rock fragments mixtures
and the effects towards the plant growth.Treated POME
sludge was potential and vital to be used as an alternative of
soil organic amendments for the plants. The results had
proven that treated POME sludge is safe to use in agriculture.
Appropriate management and processes involved in the
treatments ponds system was able to produce good quality of
organic amendments with low heavy metals and rich in
nutrients content required by the plant growth. For further
research, combination application of appropriate rock
fragments ratio based on van rock fragments mixing model
(RFM) analysis with treated POME sludge (TPS) would
improve soil physicochemical status of the composite
(soil+rock fragments+treated POME sludge) and plant
performances.
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