
Effluent from rubber processing factories 
contains high concentrations of organics, 
nitrogen and potassium1,2. These effluents have 
to undergo treatment to the level prescribed by 
the Malaysian Department of Environment 
under the Malaysian Environmental Quality 
Act Regulations 1974, before they can be 
discharged into rivers and streams. These 
regulations were set up to prevent rivers and 
streams from being polluted. The presence of 
a high concentration of nitrogen and potassium 
in effluent makes it suitable to be utilised as 
fertiliser for crops such as oil palm or rubber3–

5. Hence, the application of  effluents to land 

is an alternative to fertiliser treatment and is 
also economically viable6,7.  The application 
of municipal wastewater to land has induced 
changes in the chemical and physical properties 
of soil8. Similarly, Mohd. Tayeb and Zaid Isa1, 
and Lim and P’ng3   have reported the charges 
on physical and chemical properties of  soil  
planted with oil palm after three and eight 
years of application of  effluent from rubber 
processing, respectively. Subsequently, the 
various changes on the chemical and physical 
properties of the soil affected the distribu-
tion, growth, composition and activities of 
microbes in the soil9. This paper describes  

Influence of Effluent from Rubber Processing 
Factories on the Chemical, Physical and 

Microbiological Properties of Soil

MOHD. ZIN ABDUL KARIM*

The high concentration of nitrogen and potassium in effluent of rubber processing can be  
utilised as fertiliser for crops such as oil palm. A study was carried out to monitor the effects of  
effluent on the chemical, physical and microbiological properties of the soil during the initial two 
years of application in areas planted with oil palm. Effluent application revealed higher content  
of potassium in the soil compared to the fertiliser-applied soil. The effluent also enriched the soil  
to a depth of 20 cm with organic carbon and total nitrogen as compared to the fertilised soil. 
Concentrations of total phosphorus, total magnesium and total calcium of the effluent-applied  
soil were comparable to the fertiliser-applied soil. Cation exchange capacity of the soil applied  
with effluent was higher than the fertiliser-applied soil but the difference was not significant.  
Total bacteria and fungi population of the effluent-applied soil were comparable to the fertiliser-
applied soil. The fertiliser-applied soil had a significantly higher population of ammonium  
oxidiser than the effluent-applied soil.

Key words: effluent; fertiliser application; soil; chemical properties; physical properties; 
microbiological properties; total bacteria; fungi; cation exchange capacity

J. Rubb. Res., 9(4), 217–237

217

 *Rubber Research Institute of Malaysia, Malaysian Rubber Board, P.O.Box 10150, 50908 Kuala Lumpur, Malaysia
 (e-mail: mohdzin@lgm.gov.my)



Journal of Rubber Research, Volume 9(4), 2006

218

the effects of the initial two year applica- 
tion of effluent from rubber processing 
factories on the chemical, physical and 
microbiological properties of soil planted with 
oil palm. 

MATERIALS AND METHODS

Effluent from a latex concentrate factory was 
applied on a commercial scale to the land area 
planted with oil palm.  The effluent was applied 
at a hydraulic loading rate of 220 thousand  
litres per day according to the nitrogen 
requirement of oil palm. The area of 
application per day was 5.6 ha and the same 
area was applied with the effluent at a monthly 
frequency. The total area of application was 
150 ha. 

Before the effluent was applied to the land, 
the effluent had to undergo retention and 
compositing. The retention stage was carried 
out on the effluent after being discharged 
from the factory. During this stage, the 
effluent was retained in the rubber trap for a 
period of 12 h for the removal of coagulated 
rubber and rubber particles. From the rubber 
trap, the effluent was then directed into a 
compositing tank and kept in the tank for at  
least 24 h for equalisation.  From the compo- 
siting tank, the effluent was pumped into 
distribution tanks. These tanks were situated  
on the highest location of the area to ease 
irrigation of the effluent to the land area by  
gravity flow. The area of application had a  
3% to 16% slope.  From the distribution tanks, 
the effluent was irrigated to the land area by 
means of furrows. The furrows were arranged 
in a ‘herring bone’ pattern as described by 
Mohd. Tayeb and Zaid Isa1, and Lim and P’ng3.  
The effluent was applied to the land area with 
Bungor Series soil type which had a sandy  
clay loam texture. The characteristics of the 
effluent irrigated to the land are shown in 
Table 1. 

For the study on physical, chemical 
and microbiological properties of the soil, 
sampling was carried out at three locations 
from the effluent-applied area. Bulk and core 
samples of the soil were taken along a line 
perpendicular from the tree to the furrow. Soil 
was sampled at the 8th month, 14th month, 16th 
month and 27th month after the initial effluent 
application. Sampling of the soil was carried 
out at two depths: 0 cm to 10 cm and 10 cm 
to 20 cm, and at five locations: in the furrow; 
edge of the furrow; 15 cm; 30 cm; and 60 
cm, from the furrow. Physical, chemical and 
microbiological analysis were carried out on 
the composite soil samples. The soil samples 
were analysed for organic carbon, total 
nitrogen, total phosphorus, total potassium, 
total magnesium, total manganese and cation 
exchange capacity according to the Rubber 
Research Institute of Malaysia Manual 
of Laboratory Methods for Chemical Soil 
Analysis10. The physical properties analysed 
were soil aggregate and moisture; the analysis 
was carried out according to Kemper and co-
workers11. Microbiological properties of the 
soil were determined according to Voets12.

The effluent-applied area was not applied 
with fertiliser. For comparison, soil from 
the area not applied with the effluent was 
also sampled. This area was applied with 
fertiliser according to the rate and frequency 
requirements of oil palm estates. Soil from 
this fertiliser-applied area was sampled at two 
locations for the analysis of chemical, physical 
and microbiological properties.

           
RESULTS AND DISCUSSION

Organic Carbon

Organic carbon content of the effluent-
applied and fertiliser-applied soil are shown in 
Figure 1. Organic carbon content of the effluent-
applied soil (0 cm to 10 cm depth) ranged from 
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0.7% to 1.8% with an average of 1.4% and the 
contents fluctuated with time. The fluctuation 
could have been caused by the frequency of 
effluent application of once per month and the 
variability of organic carbon concentration in 
the effluent. The organic carbon content of 
most soil samples were above 1%, except for 
two samples. The organic carbon content of this 
soil did not decrease with distance away from 
the furrow. This indicated that there was lateral 
movement of the effluent when applied to the 
soil. For the fertiliser-applied soil (0 cm to 10 
cm depth), organic carbon content decreased 
from 2.3% to 0.8% with time. This could be 
due to decomposition and downward mobilisa-
tion. This soil did not accumulate organic car-
bon as compared to the effluent-applied soil.  
This could be due to the application of fertiliser 
at a frequency of only once or twice per year. 
However, there was no significant difference 
between the organic carbon content of the 
effluent-applied soil and the fertiliser-applied 
soil at the depth of 0 cm to 10 cm (Table 2).

The organic carbon content of the effluent-
applied soil (10 cm to 20 cm depth) ranged 
from 0.8% to 1.5%. The effluent application 
had enabled this soil to be enriched with 
organic carbon down to the depth of 20 cm. 
The organic carbon content of the fertiliser-

applied soil (10 cm to 20 cm depth) was 
consistent at 0.8%. This could be due to the  
low decomposition rate of organic carbon at 
this depth. The organic carbon content of the 
effluent-applied soil was significantly higher 
than the fertiliser-applied soil at the depth of 
10 cm to 20 cm (Table 3). 

Total Nitrogen

Total nitrogen content of the effluent-
applied soil and fertiliser-applied soil are 
shown in Figure 2. Total nitrogen content of 
the effluent-applied soil (0 cm to 10 cm depth) 
ranged from 0.1% to 0.2% and the contents 
fluctuated with time. The fluctuation could  
be due to the application frequency and  
variability of nitrogen concentration in 
the effluent.  Total nitrogen content of the 
fertiliser-applied soil (0 cm to 10 cm depth) 
ranged from 0.1% to 0.3% and the contents 
decreased with time. The loss of total nitrogen 
from this soil could be due to the uptake by  
plants and micro-organisms, downward 
mobilisation and transformation to gaseous 
nitrogen. The fertiliser-applied soil could 
not accumulate total nitrogen as the nitrogen 
fertiliser was applied at a frequency of once 
or twice per year. However, there was no 

TABLE 1. CHARACTERISTICS OF RUBBER EFFLUENT APPLIED TO THE SOIL

Parameter (mg/L) Range Mean

COD 5680 – 8180 6620
BOD 2350 – 4580 3720
Ammonium nitrogen 320 – 745 560
Total nitrogen 655 – 1075 820
Zinc 12 – 17 15
Iron 3 – 4 5
Magnesium 50 – 58 55
Potassium 17 – 394 205
Phosphate 110 – 262 170
Calcium 25 – 1525 775
Manganese <1 <1
Copper <1 <1
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Figure 1. Organic carbon content of soil.
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Figure 2. Total nitrogen content of soil.
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significant difference in total nitrogen content 
between the effluent-applied and the fertiliser-
applied soil at the depth of 0 cm to 10 cm 
(Table 2).

Total nitrogen content of the effluent-
applied soil (10 cm to 20 cm depth) ranged 
from 0.1% to 0.2%. Effluent application 
had enabled the soil at the depth of 10 cm 
to 20 cm to be enriched with nitrogen. Total 
nitrogen content of the fertiliser-applied soil 
was consistent at 0.1% indicating that there 
was negligible loss of nitrogen from this soil. 
Total nitrogen content of the effluent-applied 
soil was significantly higher than the fertiliser-
applied soil at the depth of 10 cm to 20 cm 
(Table 3).

Total Phosphorus

Figure 3 shows total phosphorus content 
of the effluent-applied and fertiliser-applied 
soil. Total phosphorus content of the effluent- 
applied soil (0 cm to 10 cm depth) ranged 
from 120 p.p.m. to 1130 p.p.m. with an 
average of 505 p.p.m. For the fertiliser-applied 
soil (0 cm to 10 cm), total phosphorus content 
ranged from 170 p.p.m. to 400 p.p.m. with 
an average of 306 p.p.m. There was no signi-
ficant difference in total phosphorus content 
between the effluent-applied soil and the 
fertiliser-applied soil at the depth of 0 cm to 
10 cm (Table 2).  

Application of the effluent had enabled the 
soil at the depth of 10 cm to 20 cm to have 
total phosphorus content in the range of 150 
p.p.m. to 750 p.p.m. with an average of 325 
p.p.m.  The fertiliser-applied soil (10 cm to 
20 cm) had its total phosphorus content at the 
average of 230 p.p.m. The average content 
of total phosphorus of the effluent-applied 
soil was higher than the fertiliser-applied  
soil but the difference was not significant 
(Table 3). 

Total Potassium

Total potassium content of the effluent-
applied and fertiliser-applied soils is shown 
in Figure 4. Total potassium content of the 
effluent-applied soil (0 cm to 10 cm depth) 
ranged from 3.1 cmolc/kg to 7.6 cmolc/kg 
soil with an average of 4.7 cmolc/kg soil. 
Application of the effluent at a frequency of 
once a month might be the cause for the total 
potassium content of this soil to  fluctuate with 
time. Total potassium content of the fertiliser-
applied soil (0 cm to 10 cm depth) increased 
with time from 0.8 cmolc/kg to 4.3 cmolc/
kg soil. This increase could be due to the 
potassium provided by decomposed vegetation 
in addition to the potassium from the fertiliser 
application. Total potassium content of the 
effluent-applied soil was significantly higher 
than the fertiliser-applied soil at the depth of 0 
cm to 10 cm (Table 2).

Total potassium content of the effluent-
applied soil was significantly higher than the 
fertiliser-applied soil at the depth of 10 cm to 
20 cm depth (Table 3). This showed that the 
effluent application had enabled the soil at a 
depth of 20 cm to be enriched with potassium 
from the effluent. 

Total Magnesium

Total magnesium content of the effluent-
applied and the fertiliser-applied soil is shown 
in Figure 5. Total magnesium content of the 
effluent-applied soil (0 cm to 10 cm depth) 
ranged from 0.3 cmolc/kg to 5.2 cmolc/kg 
soil with the average of 3.9 cmolc/kg soil.  
Distances as far as 60 cm from the furrow 
had benefited from the effluent application 
for magnesium fertilisation. Total magnesium 
content of the fertiliser-applied soil (0 cm to 
10 cm depth) ranged from 2.0 cmolc/kg to 5.0 
cmolc/kg soil with the average of 3.1 cmolc/
kg soil. Total magnesium content of this soil 
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Figure 3. Total phosphorus content of soil.
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Figure 4. Total potassium content of soil.
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Figure 5. Total magnesium content of soil.
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increased with time and this could be due to 
the fact that the added magnesium through 
fertiliser application was not easily mobilised 
in the soil. There was no significant difference 
in the total magnesium content between 
effluent-applied and fertiliser-applied soil at 
the depth of 0 cm to 10 cm (Table 2). 

Total magnesium content of the effluent-
applied soil (10 cm to 20 cm depth) ranged 
from 2.4 cmolc/kg to 6.4 cmolc/kg soil and 
these levels were comparable to the effluent-
applied soil at the depth of 0 cm to 10 cm.  
This indicates that the effluent application  
had enabled total magnesium in the effluent 
to be mobilised to the depth of 20 cm. 
The fertiliser-applied soil (10 cm to 20 cm 
depth) had total magnesium content ranging 
2.1 cmolc/kg to 3.7 cmolc/kg soil with  
an average of 2.9 cmolc/kg soil. Total magne-
sium content of this soil was not significantly 
different from the corresponding effluent-
applied soil (Table 3).

Total Calcium

Total calcium content of the effluent-applied 
and the fertiliser-applied soil is shown in 
Figure 6. The effluent-applied soil (0 cm to 10 
cm depth) had its total calcium content ranging 
from 0.3 cmolc/kg to 6.9 cmolc/kg soil with the 
average of 2.3 cmolc/kg soil. For the fertiliser-
applied soil (0 cm to 10 cm depth), its total 
calcium content ranged from 0.4 cmolc/kg to 
5.7 cmolc/kg soil with the average of 2.5 cmolc/
kg soil. The effluent-applied and the fertiliser-
applied soil did not show accumulation of total 
calcium with time. There was no significant 
difference in total calcium content between 
the effluent-applied and fertiliser-applied 
soil at the depth of 0 cm to 10 cm (Table 2).  
Total calcium content of the effluent-
applied soil (10 cm to 20 cm depth) was not 
significantly different from the total calcium 
content of the corresponding fertiliser-applied 
soil (Table 3).

Total Manganese

Total manganese content of the effluent-
applied and fertiliser-applied soils is shown 
in Figure 7. Total manganese content of the 
fertiliser-applied soil at depths of 0 cm to 
10 cm and 10 cm to 20 cm was significantly 
higher than the corresponding effluent-applied 
soil (Tables 2 and 3). Low concentration of 
total manganese in the effluent had caused the 
soil applied with the effluent to be low in total 
manganese. Hence, the effluent-applied area had 
to be supplemented with manganese fertiliser 
according to the requirements of the crop. 

Cation Exchange Capacity (CEC)

The CEC of the effluent-applied and 
fertiliser-applied soil is shown in Figure 8. 
Application of the effluent had increased 
CEC of the soil (0 cm to 10 cm depth) to the 
values of 10 to 12 from about 8. Addition of 
organics through the effluent application could 
possibly cause the CEC of the soil to increase 
but the increase did not provide the CEC value 
of the effluent-applied soil to be significantly 
different from the corresponding fertiliser-
applied soil (Table 2).

The CEC value of the effluent-applied soil 
(10 cm to 20 cm depth) ranged from 8.3 cmolc/
kg to 13.3 cmolc/kg soil with an average of 10.4 
cmolc/kg soil. For the fertiliser-applied soil 
(10 cm to 20 cm depth) the CEC value ranged 
from 4.8 cmolc/kg to 8.6 cmolc/kg soil with 
an average of 7.8 cmolc/kg soil. The effluent 
application had increased the CEC of the soil. 
However, the CEC value of the effluent-applied 
soil was not significantly different from the 
fertiliser-applied soil (Table 3).

Total Bacteria Population

Total bacteria population of the effluent-
applied and fertiliser-applied soil after 14 
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Figure 6. Total calcium content of soil.
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Figure 7. Total manganese content of soil.
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Figure 8. Cation exchange capacity of soil.
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months of effluent application is shown in 
Figure 9. There was no significant difference in 
total bacteria population between the effluent-
applied and fertiliser-applied soil (Table 4). 
The total bacteria population of the effluent-
applied soil decreased with the increase in 
distance from the furrow and this could be due 
to the lower availability of nutrient. 

Total Fungi Population

Total fungi population of the effluent-
applied and fertiliser-applied soil after 14 
months of effluent application is shown in 
Figure 10. Generally, the fertiliser-applied 
soil had a higher total fungi population than 
the effluent-applied soil and this could be 
due to the consistent moisture conditions of 
the fertiliser-applied soil. However, there was 
no significant difference between total fungi 
population of the fertiliser-applied soil and the 
effluent-applied soil (Table 5). 

Ammonium Oxidiser Population

The ammonium oxidiser population of the 
effluent-applied and fertiliser-applied soil after 
14 months of effluent application is shown in  

Figure 11. The fertiliser-applied soil had a signi-
ficantly higher ammonium oxide population 
than the effluent-applied soil (Table 6). Water-
logged conditions of the effluent-applied soil 
had caused anaerobic environment to occur 
during effluent application periods. Anaerobic 
environment had caused the ammonium oxi-
diser population of the effluent-applied soil to  
be lower than the fertiliser-applied soil since 
the ammonium-oxidising bacteria enumerated 
were of aerobic autotrophic bacteria.

Physical Properties

Application of the effluent had caused the 
total aggregate percentage of the soil to be 
unsteady and generally lower compared to the 
fertiliser-applied soil (Table 7). The application 
of the effluent had increased the soil moisture  
of the soil to be greater than 20% in most occa-
sions as compared to the fertiliser-applied soil  
(Figure 12). The maximum moisture content 
observed for the effluent-applied soil was 30%.

CONCLUSION

The effluent-applied soil contained a  
significantly higher total potassium content 

TABLE 4. TOTAL BACTERIA POPULATION OF  
EFFLUENT-APPLIED SOIL AND FERTILISER-APPLIED SOIL

Location
  Total bacteria population (No. per g soil)

 0 cm – 10 cm depth 10 cm – 20 cm depth 20 cm – 30 cm depth

Fertiliser-applied soil (Control) 25.5  107a 44.5  107a 25  107a
In furrow 16.5  107a 22.5   107a, b 36.5  107a
Edge of furrow 15.5  107a 14.5  107a, b 17.0  107a
15 cm from furrow 20.0  107a 16.5  107a, b 22.0  107a
30 cm from furrow 14.0  107a 8.0  107b 14.0  107a
60 cm from furrow 23.0  107a 15.5  107a, b 17.5  107a
Anova: Pr > F 0.7893 NS 0.2602 NS 0.7405 NS

Values are the mean of total bacteria population at 8 and 14 months after initial effluent application.
Mean values with the same letter are not significantly different (P>0.05). 
NS = Not significant.



��
������������������
�������������������
���������������������

��

��

��

��

��

�
������� ��������� �����������

����������������������

�
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
���

�
��
� �

����������
������

����������
������

����������
������

��
������������������
�������������������
�������������������

��

��

��

��

��

�
������� ��������� �����������

����������������������

�
��
��
��
��
��
���
��
��
��
��
���

�
��
� �

����������
������

����������
������

����������
������

��
������������������
�������������������
���������������������

��

��

��

��

��

�
������� ��������� �����������

����������������������

�
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
���

�
��
� �

����������
������

����������
������

����������
������

��
������������������
�������������������
�������������������

��

��

��

��

��

�
������� ��������� �����������

����������������������

�
��
��
��
��
��
���
��
��
��
��
���

�
��
� �

����������
������

����������
������

����������
������

Figure 10. Total fungi population of soil.

Figure 9.  Total bacteria population of soil.
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Figure 12. Moisture contents of soil.

Figure 11. Ammonium oxidiser population of soil.
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than the fertiliser-applied soil. The application 
of effluent had enabled the soil at depths of 
20 cm to be enriched with organic carbon 
and total nitrogen. The effluent-applied soil 
had concentrations of total phosphorus, total 
magnesium and total calcium comparable with 
the fertiliser-applied soil. Low concentration 
of total manganese in the effluent had 
caused the effluent-applied soil to contain 
significantly lower total manganese content 
than the fertiliser-applied soil. Hence, the 
effluent-applied area had to be supplemented 

with manganese fertiliser according to the 
requirement of the crop. The CEC of the soil 
increased with the effluent application but the 
increase was not significant when compared 
to the CEC of the fertiliser-applied soil. The 
application of the effluent did not increase 
the total bacteria and fungi population of 
the soil as compared to the fertiliser-applied 
soil. However, the fertiliser-applied soil  
had a significantly higher ammonium oxidiser 
population than the effluent-applied soil.  The 
effluent application had generally lowered 

TABLE 5. TOTAL FUNGI POPULATION OF  
EFFLUENT-APPLIED SOIL AND FERTILISER-APPLIED SOIL

Location
  Total fungi population (No. per g soil)

 0 cm – 10 cm depth 10 cm – 20 cm depth 20 cm – 30 cm depth

Fertiliser-applied soil (Control) 21.0  103a 23.5  103a 23.0  103a
In furrow 26.0  103a 24.0    103a 19.0  103a
Edge of furrow 19.5  103a 24.5  103a 22.5  103a
15 cm from furrow 19.0  103a 15.0  103a 17.5  103a
30 cm from furrow 14.5  103a 22.5  103a 35.5  103a
60 cm from furrow 24.0   103a 25.5   103a 22.5  103a
Anova: Pr > F 0.940 NS 0.964 NS 0.906 NS 

Values are mean of total fungi population at 8 and 14 months after initial effluent application.
Means with the same letter are not significantly different (P>0.05).
NS = Not significant.

TABLE  6. AUTOTROPHIC AMMONIUM OXIDISER POPULATION OF  
EFFLUENT-APPLIED SOIL AND FERTILISER-APPLIED SOIL

Location
 Autotrophic ammonium oxidisers (Most probable no. per g soil)

 0 cm – 10 cm depth 10 cm – 20 cm depth 20 cm – 30 cm depth

Fertiliser-applied soil (Control) 31.5  103a 26.5  103a 28.0  103a
In furrow 21.5  103b 18.0    103b 16.0  103b
Edge of furrow 19.5  103b 15.0  103b 7.5  103d
15 cm from furrow 8.0  103c 7.0  103d 18.5  103b
30 cm from furrow 7.5  103c 10.0  103c 10.0  103c
60 cm from furrow 7.5   103c 6.0   103d 5.5  103d
Anova: Pr > F 0.0002*** 0.0001*** 0.0001***

Values are mean of autotrophic ammonium oxidisers population at 8 and 14 months after initial 
   effluent application.
Means with the same letter are not significantly different (P>0.05).
NS = Not significant.



Journal of Rubber Research, Volume 9(4), 2006

236

the total aggregate percentage of the effluent-
applied soil as compared to the fertiliser-
applied soil. The maximum moisture content 
of the effluent-applied soil was 30% and the 
fertiliser-applied soil had its moisture content 
consistently at 20%.
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