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Physical Characteristics of Coir Pith as a Function of
Its Particle Size to Be Used as Soilless Medium
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Abstract: Coir pith is a mass of heterogeneous particles having diversified physical characteristics. Bulk density
was found to be high in small particles (150 pum) and it decreased as particle size increased (2000 um). High bulk
density in smaller particles of coir pith was found to be 0.11 g/ce which is low compared to soil. Total porosity
and aeration porosity of the coir pith mass formed of a specific particle size showed direct relationship with
particle size whereas water holding porosity had a negative relation. High bulk density showed by big particles
had a low total porosity which would cause reduction in growth and distribution of roots of the plants grown
on 1t. Water absorptive and particle size of coir pith showed a strong negative linear correlation. Smaller
particles of coir pith which was compactly arranged absorbed more water due to innumerable micro pores than
the coarser particles which contamed larger but limited amounts of macro pores. Both surface area as well as
specific surface area of coir pith particles decreased with the increase in the average size of the coir pith. As
water retention in a medium depends primarily on the number and size of the pores and the specific surface area

of the medium, it was observed to be higher in the smaller sized particles.
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INTRODUCTION

Coconut palm (Cocos nucifera L.) 1s bemng cultivated
in many parts of the world producing around 54 billion
coconuts per year from an estimated area of 12.78 million
hectare [1]. India produces 22.3 percent of the total
coconuts and is being considered as a premier coconut
producer n the world. Coconut 1s known to play a vital
role in the economy of many marginal farmers in India [2].

The coconuts are processed in industries to yield oil
from dried kemmnels {(copra). The above process generates
huge quantities of husk (mesocarp) which was considered
to be a waste [3]. These husks are now being utilized as a
raw material for the production of coir fiber. During the
extraction of coir fibre from the husk, a light weight
spongy material is released. This spongy material is
referred to as coir pith which accounts for 50-60 percent
of the total weight of the husk.

Total generation of coir pith in India is estimated to
be around 0.5 million tones per year while the world

production 1s around 3.6 million tones [4]. Therefore coir
industries are facing great difficulties in the disposal of
coir pith [5]. Very often coir pith i1s heaped as mounds on
way side. Large quantities of coir pith thus stored causes
contamination of potable ground water due to the
percolation of leachates containing residual phenol from
these dumps [6] especially during rainy season. Tt also
acts as an ideal breeding ground for rodents and msect
pests [7]. Coir pith is easily blown by wind due to its light
weight thereby creating air pollution. In comparison to
other waste materials such as saw dust, rice husk and
groundnut shell, coir pith is found to have a higher heat
value [8.,9]. Unfortunately, high levels of carbon dioxide
and smoke are released from coir pith while burning due
to its poor combustion properties.

To overcome the problems associated with coir pith
disposal, many innovative practices are being followed. In
certain parts of India, coir pith finds its application in
making bricks [5] and particle-boards [10]. A mixture of
cow dung and coir pith at 4:1 ratio increases the biogas

Corresponding Author:

Dr. D. Maragatham Jeyaseeli, Department of Natural Resources and Waste Recycling,

School of Energy. Environment and Natural Resources, Madurai Kamaraj University,
Madurai-625 021, Tamil Nadu, India, Tel: +9486504927



Am-Euras. J. Agric. & Environ. Sci., 9(4): 415-421, 2010

production [3]. Coir pith forms a good bedding material in
poultry shed [11]. The coir pith bed enriched with poultry
litter 1s directly used as manure for crops such as
sorghum, groundnut and sunflower [12]. Removal of
fluoride from drinking water 1s also effected by the
application of activated carbon prepared by carbonisation
of coir pith [13]. Charcoal made from coir pith 1s alse
employed in selected industries to absorb toxic metals
(cadmium, arsenic, nickel, copper and lead), harmful dyes
(thodamine B, acid violet and cargo red) and chosen
pesticides (paraquet) [14].

Now it is being successfully utilised as a socilless
vegetable crops bhendi
(Abelmoschus esculentus) [15], tomato (Lycopersicon
lycopersicum) [16] and an effective substrate for brinjal
(Solanum melongena) [17].

Considering the abundant scope of utilizing the coir
pith as a major soilless media in many countries especially
m terrace gardening for price worthy vegetable crops
and also with a great understanding that such soilless
media’s primary function largely depends on the physical
characteristics of the particle involved, this work is
initiated.

medium for such as

MATERIALS AND METHODS

Coir pith required for the present study was collected
(each per month for a period of one year) from the coir
mounds 1n the vicimty of a coir industry at Solavanthan,
Madurar which 1s about 9 km away from Madurai Kamaraj
University where coir processing s being carried out
commercially. Tt was then transported to the laboratory
and sun dried for 3-5 days. Subsequently long fibres were
removed by hand sorting. As the collected coir pith mass
was formed of assorted particles of varied size it was
sorted out inte different grades (12) based on the particle
size using sieves [18)]. The occurrence of particular mass
was expressed in percent by weight as per the procedure
of [19] and followed by [15, 20].

Surface area (SA) of a single particle of a specific
grade of cowr pith was calculated using the following
formula: SA (m®) = 4nr’. The surface area of all the
particles present in a liter of specific grade of coir pith was
calculated as per the procedure of [15]. One liter of coir
pith of specific grade was measured in a measuring
cylinder and was weighed (w,). Total number of particles
(tn) present in one litre of the coir pith was calculated as
tn = (nf/0.05 g) x w,, where n is the number of particles
present in 0.05 g of specific grade of coir pith. Surface area
of all the particles present in one liter of the coiwr pith of a
specific grade was calculated (SA x tn).
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The bulk density (D) of an individual grade of coir
pith was assessed as per the procedure of [21]. A clean,
dry standard flask of 100 ml (cc) capacity was taken and
weighed (w,). The flask was then filled up to the mark with
coir pith of a specific grade and weighed (w,). The bulk
demnsity was D (g/cc) = (wp-w,) / 100

In order to asses the porosity, a plastic cylindrical
container of 250 ml capacity was taken. The bottom of the
container was pierced with a fine needle so as to have ten
holes uniformly distributed at the bottom of it. The holes
were then closed with a water proof adhesive tape. Then
the container was filled with the coir pith by gently
tapping 1t till the coir pith fills the 250 ml mark. Then water
was slowly dripped over the coir pith so that the coir pith
was completely drenched and saturated (surface glistens).
This process took several hours. The total volume of
water added (a) in ml was recorded. Then the container
was placed over a water-proof pan and the adhesive tape
at the bottom was removed so as to drain the water on the
pan. Then the drained water (b in ml) was measured. Total
porosity (TP in %) was [(a / 250) x 100]. Similarly the
aeration porosity (AP in %) was [(b/ 250) x 100]. Water
holding porosity (WHP in %) was total porosity
(TP in % )-aeration porosity (AP in %o).

The water absorption capacity (quantity of water
absorbed by a known volume of dry cor pith) was
assessed as per the procedure followed by [15, 20]. Sun
dried coir pith was used for this experiment.

The experimental set up consisted of a plastic rigid
tube of 3 cm mner diameter and 30 cm length. One end of
the tube was fixed with nylon net of 50 gm mesh. This set
up was clamped in a stand The dried coir pith was
measured (200 ml) in a measuring cylinder accurately by
tapping and transferred to the above plastic tube. A
burette was also clamped in the stand just above the
plastic tube. From the burette a known volume of water (v,
in ml) was released slowly (drop by drop) to the plastic
tube loaded with coir pith. The leachate drippmng out from
the bottom of the plastic tube was then collected and
measured i ml (v;). From the volume of water dropped
1nto the burette and also from the volume of leachate came
out, the actual quantity of water absorbed was calculated.
The absorptive (ml / 1) was [(v,-v,) / 200] x 1000

Water retention capacity of a specific grade of coir
pith was estimated for a period of ten days as per the
procedure followed by [15, 20]. This enabled to assess the
ability of the coir pith to retain the moisture for a specific
duration of time and also helped to identify the particle
size (grade) which retains maximum moisture in a specific
duration of time. A known weight (d in gm) (sun dried) of
coir pith in a specific grade was wetted as above, weighed
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and transferred to a pre-weighed glass tray. The spread
thickness of the coir pith in that tray was around 1 cm. It
was then kept exposed to air m the laboratory (average
temperature 31 °C and average humidity 61 %). After ten
days the weight of coir pith in g was noted (Total
weight-tray weight) (e). The water retention capacity was
[(e-d)/d] x 100 %.

RESULTS

The percentage occurrence by weight of various
grades of coir pith (average with one standard deviation)
1s shown in Fig. 1. The particle size ranging from 475 to
1165 pm occurred above 8.33 percent.

The relation between surface area of all the coir pith
particles present in a litte of each specific grade of coir
pith and particle size shows that the particle size below
500 pm shows a steep negative relation with the total
surface area whereas the relation is feebly negative for the
particles above 500 um size (Fig. 2) (R*= 0.8234),

The bulk density offered by various grades of coir
pith and their relation with particle size is graphically
shown in Fig. 3 (R* = 0.9447). The bulk density and
particle size are negatively correlated since the bigger
particles are less dense. The total porosity, aeration
porosity and water holding porosity of various grades of
coir pith inrelation to the particle size are shown mn Fig. 4.
The total porosity and aeration porosity showed a steady
mcrease as the particle size increased. While examiming
Figs. 3 and 4 together 1t 1s known that bulk density and
water holding porosity have identical pattern of
relationship especially on particle size. The total porosity
of the various sized particles has a diwect functional
relation with aeration porosity. In smaller particles,
the total porosity is mainly due to water holding porosity
since both the lines are tending to merge in fig. 4. But the
role played by water holding porosities in the total
porosities dimimishes mn big particles (Fig. 4).

Total porosity 1s directly related to aeration porosity
whereas water holding porosity i1s mversely related. In
bigger particles, the aeration porosity holds the lion share
(Fig. 4). The grade having big sized particles show high
aeration porosity and that contamning small sized particle
size show high water holding porosity. In other words,
smaller particles do not hold much aeration and bigger
particles do not hold much water.

The role of particle size on the water absorbing
capacity of various grades of coir pith is shown in Fig. 5
(R?=0.9425). A total of 1015.76 ml of water per litre of coir
pith (more than the actual volume of the coir pith) was
absorbed by 150 gm particles. The absorption capacity
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Fig. 1: Particle composition of the coir pith (n=12)
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Fig. 2: Relation between surface area of all the particles
present in one litre of each grade of coir pith and
the corresponding particle size (n=12)
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Fig. 6 Water absorptivity in relation to particle size of
coir pith (n=12)
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lowered as the particle size of coir pith increased. The
1550 um particle absorbed 506.72 ml of water per liter of
coir pith only. Two fold changes in water absorption were
observed for ten fold change i the particle size. The
grade of coir pith having the highest particle size
(2000 pm) absorbed 343.1 ml per litre of coir pith. Thus the
bigger particles neither absorb relatively high quantities
of water nor hold water in rich quantities.

Moisture retentivity decreases when the particle size
increases. Moisture retention is the function of water
holding porosity (Fig. 6). Such water holding porosity 1s
higher in smaller particles (Fig. 4). It means that moisture
retention is higher in smaller particles.

DISCUSSION

Coir pith is richly used as soilless media of glass
houses. In this context, the particle size of the coir pith is
very important. Media developed out of coir pith should
provide adequate oxygen, water and nutrients for the
proper function of the root. Tt also should offer physical
support to the plants.

The mam purpose of studying the particle size
distribution by sieve fractionation (Agnew and Leonard,
2003) is to know the particle-wise physical characteristics
which has a direct bearing on the functioning [22] of a
growing medium.

In the present study, it 1s observed that the coir pith
particles are highly heterogeneous. The percentage
occurrences of smaller as well as higher grades of coir
pith particles were low when compared to medium grade
particles. The coir pith particles ranging from 475 to
1165 um occurred in higher quantities. [23] in his study
reported that medium sized particles occurred in higher
percentage m three container substrates (peat mix, bark
mix and so1l mix). [24] opmned that the actual constituent of
the medium was not a major factor influencing the rooting
response, but the physical properties as well as the
management of the substrate were the subject of major
importance.

Bulk density is one of the factors determining the
successful functioning of a growing medium [22]. The
bulk density of coir pith in a filled container 1s a function
of the mternal arrangement of the mdividual particles
(Landis, 1990). In the present case, bulk density decreased
{0.11 t0 0.05 g/cm”) as particle size of coir pith increased
(150 to 2000 pm). According to [25] an ideal growing
medium consisting of vermiculite and perlite shall have a
bulk density of 0.10 g / cm’.
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The bulk density observed for coir pith [26] was
rather high (0.15 g / cm”). High bulk density is considered
to offer mechanical impedence to plants [21]. Any solid
medium which provides effective anchorage to the plant
roots is to be sufficiently heavy to prevent a potted plant
from falling-over due to the weight of the plant [25]. But
i the present case the relatively low bulk density has a
specific advantage especially when considermng this in
terrace gardening [15].

The amount of pore space present between particles
1s expressed m terms of percent porosity and 1s a function
of the size, shape and spatial arrangement of the
individual particles of coir pith in the container. Porosity
is functionally classified into total porosity, aeration
porosity and water-holding porosity [27, 28]. Total
porosity 1s a measure of the total pore space of a growing
medium, expressed as the percentage of its volume that is
not filled with solid particles. Aeration porosity is a
measure of that part of the total pore space that 13 filled
with air after the growing medium 1s saturated with water
and then allowed to drain freely. The pores that contain
air are relatively lame and are termed as macro pores.
Water holding porosity 1s the measure of the part of the
total pore space that remains filled with water after the
growing medium is saturated with water and allowed to
drain freely. The pores that contain water are relatively
small and are termed as micro pores. Porosity 1s important
to the horticultural properties of a growing medium, since
it influences the moisture-holding and nutrient-holding
properties.

According to [29] well-formulated growing media
contain about 60-80 percent total porosity. [29] stated that
the total porosity of a growing medium should be more
than 50 percent. In the present study, total porosity of
fine (150 pm) to coarser particle (2000 um) ranged between
75.6 and 88.2 percent. Regarding aeration porosity [30]
recommended maintenance of aeration porosity of
approximately 25 to 35 percent for container tree
seedlings. In the present case, aeration porosity of
various grades of coir pithranged from 4.6 to 43.7 percent.
A well formulated growing medium is expected to contain
a mixture of macro pores for aeration and drainage and
micro pores for water-holding ability.

In container nurseries, porosity 1s determined mainly
by the range of particle size present in the growing
medium [29]. Large particles do not pack as closely as
small particles and therefore will have high total porosity
as mn the case of present work. Aeration porosity and
water-holding porosity of coir pith have a peculiar
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relationship. When the size of the coir pith particle
increased, the water-holding porosity decreased which
ultimately increased the aeration porosity.

Porosity and bulk density of soilless medium were
strongly linked. The increase in bulk density reduced the
porosity of the medium which ultimately hamper the
growth and distribution of roots of the plants grown in it.

In the present study, the bulk density decreased with
the increase in coir pith particle size. Total porosity and
aeration porosity increased along with the increase in
particle size. In comparison with bulk density, total
porosity and aeration porosity decreased as bulk density
increased which was confirmed by [31]. The aeration
porosity 1s inversely related to the bulk density.

[32] reported reduced soil water availability under
increased bulk density. The quantum of total pore space
(TPS) in a root medium is inversely proportional to the
bulk density [33]. As the bulk density decreases, total
pore space increases linearly. It is also confirmed that the
increased bulk density to the root zone provides less pore
space for water movement, adversely affecting the crop
growth by limiting root growth [34, 35].

[36] reported that the total porosity was about
96 percent and that the materials’ air-filled porosity was
22-40 percent depending upon the length of time the
material had been composted. Apparently these readings
are on a mass of coir pith not specific to any particle. [37]
observed the bulk demsity, total porosity, water-holding
porosity and aeration porosity of coir pithas 0.08 g /cm’,
95, 79 and 16 percent respectively.

Aeration 18 necessary for the diffusion of CO,
away from the roots. Therefore growing medium is
required to be sufficiently porous to avoid the
accumulation of CO, at the root zone, otherwise that
would lead to the suffocation and eventual death of
plant roots. Lack of aeration caused by poor drainage
leads to a wet, waterlogged condition that is a
conducive condition for the development of diseases like
devastating root rots.

Water absorptive and particle size of cowr pith
showed a strong negative linear correlation (y =-0.3636x
+1070.3). Smaller particle which was compactly arranged
absorbed more water due to the inmunerable micro pores
than the coarser particles which contained larger but
limited amounts of macro pores.

Total surface area of all the particles present in a unit
volume decreased with the increase in the average size of
the coir pith. As the surface area of various grades of coir
pith increased, water absorptivity of coir pith also
increased. Besides being absorbed water 1s also held on
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the surface of these particles as a film, the total amount of
water in the medium increased as the particle diameter
decreased [25].

Aeration porosity was found mereasing when
the particle size of coir pith increased. But there is a
parallel decrease in the moisture retentivity. Aeration and
water-holding capacity (moisture retention) are the
properties of primary interest to any agriculturist because
they directly affect plant growth. Micro pores present in
lower grades of coir pith resist the water to move out
which in tumn increases the moisture retentivity. Moreover
a reduction of the particle size leads to a decrease in
aeration and might also possibly decrease the water
availability [38].

There is a strong correlation between the presence of
finer particles n the mix and aeration porosity. A
significant negative correlation is also found between
aeration porosity and water holding capacity which varied
from 585 to 740 ¢cm’ / dm’ Substrates with very high
porosities are likely to restrict the lateral movement of
water and nutrients, whereas substrates with low aeration
porosities are likely to result in reduced root densities,
due to a lack of aeration and perhaps encourage the
incidence of soil-borne pathogens [39]. Inadequate
drainage and poor aeration in container media are the
major hmiting factors in the production of quality nursery
crops. In the present study, due to less aeration and high
water holding capacity m the smaller grade of cowr pith,
root length of the plants may be minimized. Tncrease in
porosity of a substrate helps to suppress pathogenic
infestations but a reduction in water holding capacity may
induce water stress in plants.

Water retention mn a medium depends primarily on the
mumber and size-distribution of pores and the specific
surface area of the medium [40-43]. [44] reported that 80
percent of the observed variations in the percentage
increase in water retention were due to the texture of the
medum. Excessive large pores however decrease the
amount of water the media can store [45].
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