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Abstract

Purpose Research has shown that oil palm decanter cake

(DC) serves as a potential source of nutrients for plant

growth. This study therefore investigated the applicability

of decanter cake (DC) as an amendment to soil for the

growth of Solanum melongena (brinjal) at three ratios 10,

20, 30 % DC and suitable controls (0 %).

Methods Seeds of brinjal were sown in soils amended

with decanter cake at 10, 20, 30 % w/w and 0 % as control.

Nutrient enrichment factors were calculated from the

concentration of selected metals (Cu, Ca, Fe, Zn and Mg)

in plant parts. The scanning electron micrographs were also

taken to measure the stomatal opening/closing due to the

effect of excess nutrients on the leaf structure.

Results Enrichment factor (EF) values in this study were

all below 3 indicating low enrichment of metal ions from

soil to plants. SEM studies of the leaf epidermis of the test

plants revealed the closure of guard cells with increasing

decanter cake treatments.

Conclusions Decanter cake at 20 % amendments with

soil could serve as a source of soil amendment for culti-

vation of S. melongena plants.

Keywords Palm waste � Decanter cake � Scanning
electron micrographs � Enrichment factor � Brinjal

Introduction

The Malaysian palm oil industry is a major revenue earner

(around USD 7 billion per annum in GDP) (Lim et al.

2015) and is ranked as one of the largest producers in the

world. However, growth of the industry is synonymous

with massive production of agro-industrial wastes (Liew

et al. 2015). Zwart (2013) also stated that crude palm oil

(CPO) production reached 18.91 million metric tons in

2011. Wastes such as palm oil mill effluent (POME), palm

kernel cake (PKC), decanter cake (DC), empty fruit bun-

ches (EFB), palm kernel shell (PKS), palm press fibre

(PPF) are some of the major by-products of the palm mill

(Singh et al. 2012). The easiest way to dispose oil palm

solid wastes is by burning, so that the wastes could be

reused for steam or power generation at the palm oil mills

(Lim et al. 2015), while the most typical disposal option for

the effluent is through ponding system (Lim et al. 2014).

The management of these poses a big challenge for the

palm oil producing nations (Singh et al. 2012). Embrandiri

et al. (2015) reported a number of on-going experiments

utilising these by-products in various industries such as

bio-fuels, lumber for wood, feed for animals, shells as

activated carbon for water purification etc. Likewise, there

are many studies reporting the use of organic wastes from

agriculture for plant growth experiments. Olive waste

extract at 10, 30 and 50 % amendment ratios improved

seed emergence of lettuce with reduced biomass (Kelepsei

et al. 2009). Also, combinations of poultry manure and

NPK resulted in significant differences in height and yield

of spinach (Ndaeyo et al. 2013). Another example is the

use of palm boiler ash for the growth of eggplant, okra and

pepper (Adjei-Nsiah and Obeng. 2013). However, very few

investigations have been carried out with regards to using

decanter cake for the growth of vegetables with the
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exception of our previous study on lady’s finger plants

(Embrandiri et al. 2013). Therefore this work contributes to

knowledge on the employment of decanter cake for the

growth of brinjal plants in Malaysia.

Due to the foreseen increase in oil palm acreage in the

years ahead, it is eminent that serious measures have to be

taken to ensure the proper management of decanter cake to

address the growing environmental concerns. The aim of the

present research was to investigate the feasibility of using

decanter cake in different combinations (10, 20, 30 % w/w

ratio) with soil on the growth of Solanummelongena (brinjal)

plants. Estimation of enrichment factors and scanning

microscopic studies were carried to understand the accu-

mulation pattern in shoots and leaves of experimental plant

under the different decanter cake ratios. This would in the

long run contribute to waste reuse and minimization strate-

gies as nutrients are recycled back into the pedosphere.

Methodology

Study site

The studies were conducted at the nursery of Universiti

Sains Malaysia, Penang from November 2011 to May

2012. Penang (5� 240 000N: 100� 140 000E) has a relative

humidity of 70–90 %. The average nursery temperature

ranged between 30 and 35 �C. Analysis of fresh decanter

cake has been provided in Table 1.

Sample collection

Fresh decanter cake obtained from Malpom Industries Sdn

Bhd, Nibong Tebal, Penang, Malaysia was dried in a blow

drier at 60 �C, powdered and sieved with a 2 mm sieve.

Soil samples were collected at a depth of 10 cm also from

Nibong Tebal area, Penang. It was air dried, homogenized

and passed through a 2 mm sieve for further processing.

Sampling of plants

Three plant samples from each treatment were randomly

harvested for different analyses at 60 and 90 days respec-

tively, chosen based on previous studies. Plants with intact

roots were carefully uprooted from the replicate treatments

and thoroughly washed under running water on a 1 mm

mesh sieve to remove the soil particles adhering to the

roots (Singh and Agrawal 2009) Measurements were taken

for the different growth parameters and sample preparation.

Experimental setup

The experiments consisted of planter pots of

15 cm 9 15 cm with 3 kg of amended soils as reported by

Ekutudo et al. (2011) arranged in completely randomized

designs. Amendments (0 % (control), 10, 20 and 30 % w/w

DC) were prepared homogenously and filled into pots.

Identical water regime (10–15 ml) was maintained and

pots left for 15–20 days of stabilization (Singh 2008). Prior

to sowing, seeds of brinjal were soaked in distilled water

for 3 min to enhance germination. About 10 seeds per

treatment were sown manually at equidistant positions.

After germination, the plants were thinned to 3 per pot and

identical temperature and humidity conditions were main-

tained throughout the growth period.

Measurement of data

Uptake and distribution of metals in different plant parts

The uptake and distribution of metals (Cu, Ca, Fe, Zn and

Mg) in different plants was determined by the enrichment

factors. The enrichment factor (EF) was calculated to derive

the degree of metal accumulation in plants in treated soils

with respect to plants growing in control soil (Kisku et al.

2000). Metals were estimated prior to the calculation by the

AAS using the wet digestion method (Allen et al. 1986)

EF ¼ Concentration of metals in plant parts at different treatments

Concentration of metals in plant parts in control

ð1Þ

Scanning electron micrographs of leaf epidermis of brinjal

plants grown in DC amended soils

The HMDS (hexamethyldisilazane) technique was

employed for the SEM studies (Nation 1983). Leaf

Table 1 Analysis of fresh decanter cake

Parameters Value

pH 4.40 ± 0.01

EC (mScm-1) 2.96 ± 0.02

Cd (mg g-1) 0.05 ± 0.01

Pb (mg g-1) 0.56 ± 0.03

Ni (mg g-1) 0.63 ± 0.02

Cu (mg g-1) 0.81 ± 0.04

Fe (mg g-1) 0.46 ± 0.02

Ca (mg g-1) 0.35 ± 0.02

Mg (mg g-1) 0.012 ± 0.03

N (%) 6.52 ± 0.03

K (mg g-1) 0.07 ± 0.02

Organic carbon (%) 74.4 ± 0.02

C:N ratio 11.4 ± 0.02

Bulk density(g cm-3) 0.57 ± 0.04
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samples were plucked and cut into small 1 9 1 cm

squares, fixed in McDowell trump fixative at 4 �C and

stored for preparation. The samples were then washed in

0.1 M phosphate buffer 3 times for 10 min each thereafter

post-fixed in 1 % Osmium tetra oxide for 1–2 h at room

temperature. The leaves thereafter were washed in distilled

water twice for 10 min each. Subsequent dehydration

followed in the following order; 50, 75, 95 and 100 %

ethanol for 15, 15, 15 (twice), and 20 (thrice) minutes

respectively. Dehydrated tissues were then immersed in

2 ml of HMDS for another 10 min. The HMDS was then

decanted and the vials with the leaf tissues were left in the

desiccators to dry at room temperature. The dried samples

were mounted onto the SEM specimen stub and coated

with gold dust. Each sample was viewed at 20009 mag-

nifications. The average stomatal openings of the leaf

epidermis of brinjal subjected to the DC treatments were

also calculated.

Statistical analysis

Data was subjected to one way ANOVA test to assess the

effect of each treatment on the respective parameters of the

different test plants. Duncan’s multiple range tests

(DMRT) were also performed for parameters to test the

significant difference between different treatments at

p = 0.05. All statistical analyses were performed using

SPSS 16 software.

Fig. 1 a–c Enrichment factors

of Cu, Zn, Fe in leaf (L) and

shoot (S) portions of brinjal

plants at different DC

amendment ratios. Different

letters in each group show

significant difference at

p\ 0.05
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Results and discussion

Plants have the capability to accumulate metals when grown

on soil with excess nutrients (Singh et al. 2010). The accu-

mulation of metal ions by plants depends on a number of

reasons such as soil physicochemical properties, plant spe-

cies, climatic factors and chemical speciation of metals (Al-

loway et al. 1991). The enrichment factors (EF) of selected

metals in plant parts under different DC treatments have been

presented in Fig. 1 and 2. EF is calculated in order to establish

the degree of soil contamination and heavy metal accumu-

lation. It is the ratio between the concentration of metals in

contaminated soil and the concentration of metals in uncon-

taminated soils (Mehes-Smith et al. 2013).EF of Cu in leaf

portions was in the trend 20[ 30[ 10 %while in the shoots

the trend was 20[ 10[ 30 % (Fig. 1). The lowest value

recorded was at shoots grown on 30 % DC (1.50). Zn EF was

highest in the leaves and shoots at 30 % DC amendments

(0.89 ± 0.01 and 0.98 ± 0.01 respectively (Fig. 1). Both in

the leaves and shoots the values varied significantly from

each other (p = 0.02). Enrichment factors of Fe were

0.94 ± 0.02, 1.85 ± 0.02 and 1.05 ± 0.02 for 10, 20 and

30 % in leaves and 1.33, 1.02 and 0.58 in the shoots of the

respective amendments (Fig. 1). Similar studies by Lorestani

et al. (2011) on some native plants in Iran showed the plants

had EF values of Cu, Zn and Fe below 3. The Enrichment

factors of Cu as indicators of uptake in spinach and carrots

grown on sludge amended luvisol showed that Cu EF in soil

increased with sludge applications (Ngole 2011) which is not

the case in this study. With regards to Magnesium, the EF

values of the shoots varied significantly from each other. For

Ca, maximum EF was at 30 % shoots (7.51 ± 0.13) and

lowest at its leaves (0.22 ± 0.14). Thus in Brinjal plants,

there was high enrichment of Ca only as all other metals fell

below 3. This is explained by the high concentration of Ca in

the initial DC analysis (Table 1). Table 2 presents the cor-

relation coefficients (r) between increasing DC rates and

Fig. 2 a, b Enrichment factors

of Ca &Mg in leaf (L) and shoot

(S) portions of brinjal plants at

different DC amendment ratios.

Different letters in each group

show significant difference at

p\ 0.05

Table 2 Correlation coefficient

(r) between selected enrichment

factors in test plant and the

addition of decanter cake

EF r values

Cu -0.349

Ni -0.477*

Mg -0.563*

Zn 0.494*

Ca 0.678**

Fe -0.375

* Correlation is significant at

0.05

** Significant at the 0.01 level

(2-tailed)
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metals in brinjal plants. From the table we see that Ca EF had

strong positive correlation (0.678** at p\ 0.01). For Cu EF

and Fe EF, the values were negative and not significant. EF of

Mg had significant negative correlations at p\ 0.05

(-0.563) while Zn EF showed positive correlations at

p\ 0.05. It is thus evident that there is no accumulation of

the metals in the plant parts thereby rendering the fruits safe

for consumption. The physiology of brinjal plants is such that

more nutrients are needed by other portions of the plant and

not the roots or the leaves thus explaining the reason why

there was higher concentration of Ca in the shoot portions

than the leaves.

Guard cells are capable of integrating and responding

rapidly to a number of physiological and abiotic stimuli

(Assmann and Wang, 2001). Therefore, scanning electron

microscopic studies (SEM) have become a popular model

for exploring plant response to changing environmental

conditions (Assmann and Wang, 2001). Closure of the

stomata is regarded an ecological adaptation to protect

plants against pollution damage (Ciamporova and Mistrik

1993). Scanning Electron Micrographs in this study indi-

cated that at 10 % the stomata of the leaf were almost

identical to the control plants (Fig. 3b), at 20 % DC the

stomata open up and at 30 % DC reduced in the leaf epi-

dermis of brinjal plants. The present results concur with the

observation of Kawaguchi et al. (2008) and reflect that

brinjal can have an acceptance of 30 % DC. Several

parameters including the presence of metal and nutrient

contents and enrichment factor did not provide accurate

information for what might be the cause to provide maxi-

mum yield from 20 to 30 %. However SEM studies reveal

the fact that though physical stress could be expected, it

was desirable to study the ultra structure of the leaf stomata

as a possible indicator for identifying stress mechanism in

the plant. The stomata opening in leaves of plants grown in

30 % DC compared to plants grown in soil, show a

reduction of 19.8 % (Table 3). Gupta and Bhatnagar

(2015) corroborate the findings of this study, reporting that

stomatal size reduced at higher concentrations of arsenic

contamination with increase in frequency of arrested, fused

and abnormal stomata. The closing of stomata is a funda-

mental process in the plant’s capacity to maintain plant

water status under conditions of low soil moisture content

and high evaporative demand.

Conclusions

Research on palm industry waste utilization has been

focusing on value addition to waste generated from the

palm oil industry. Apart from POME and EFB, DC also

causes stress on the ecosystem if improperly disposed as

evidenced by its high acidity. Any cost involving value

addition to DC would only add to the burden on the

industry unless the value added product is ecologically

sustainable and economically viable. DC has always been
Fig. 3 SEM images (2000X magnifications) of the leaf epidermis of

brinjal plants grown in 0 % (a), 10 % (b), 20 % (c) and 30 % (d) DC
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considered as a pollutant and the present investigation

reveals that a moderate application of DC at 10–20 %

directly into soil can assist as a fertilizer and promote

growth. This is due to the tolerance limit of brinjal plants

even though they thrive in low pH and high nutrient con-

centrations. The SEM pictures reveal a closure in the

stomatal opening at 30 %DC. Vegetable crops have been

preferred because Malaysian farmers predominantly grow

vegetables on raised beds. This provides easy facilitation

for the farmers to mix DC with the raised bed soil thereby

reducing the economic burden on the industry at the same

time serving as an excellent technology for the closure of

the loop of Palm oil agricultural technology where the

organic matter from the plant goes back into the soil as an

organic amendment.
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