HortSciencE 40(7):2138-2144. 2005.

Physical Properties of Various Coconut
Coir Dusts Compared to Peat

Manuel Abad,' Fernando Fornes, Carolina Carrion, and

Vicente Noguera

Instituto Agroforestal Mediterraneo, Universidad Politécnica de Valencia,
PO. Box 22012, E46071 Valencia, Spain

Patricia Noguera, Angel Maquieira, and Rosa Puchades
Departamento de Quimica, Universidad Politécnica de Valencia, P.O. Box
22012, E46071 Valencia, Spain

Additional index words. air—water relationships, relative hydraulic conductivity, coarseness
index, particle size distribution, container media, Cocos nucifera, sphagnum peat

Abstract. Selected physical properties of 13 coconut coir dusts from Asia, America, and
Africa were compared to physical properties of sphagnum peat. All properties studied
differed significantly between and within sources, and from the peat. Coir dusts from
India, Sri Lanka, and Thailand were composed mainly of pithy tissue, whereas most of
those from Costa Rica, Ivory Coast, and Mexico contained abundant fiber which was
reflected by a higher coarseness index (percentage by weight of particles larger than 1
mm in diameter). Coir dust was evaluated as a lightweight material, and its total porosity
was above 94% (by volume). It also exhibited a high air content (from 24% to 89% by
volume) but a low easily available and total water-holding capacity which ranged from
<1% to 36% by volume and from 137 to 786 mL-L", respectively. Physical properties of
coir dust were strongly dependent on particle size distribution. Both easily available and
total water-holding capacity declined proportionally with increasing coarseness index,
while air content was positively correlated. Relative hydraulic conductivity in the range
of 0 to 10 kPa suction dropped as particle size increased. Coir dusts with a particle size
distribution similar to peat showed comparatively higher aeration and lower capacity to
hold total and easily available water. An air—water balance similar to that in peat became
apparent in coir dust at a comparatively lower coarseness index (29% vs. 63% by weight
in peat). Stepwise multiple regression analysis showed that particles with diameters
in the range of 0.125 to 1 mm had a remarkable and highly significant impact on the
physical properties studied, while particles <0.125 mm and >1 mm had only a slight or

nonsignificant effect.

Sphagnum peat is a widely used medium
constituent for the production of container-
ized crops (Bunt, 1988; Puustjirvi, 1977;
Ravivetal., 1986, 2002; Schmilewski, 1996),
particularly in the U.S., Europe, and Canada.
However, given the rising price ofhigh-quality
horticultural peat (Raviv et al., 1986), peat’s
highly conducive effects for diseases caused by
avariety of soilborne plant pathogens (Cotxar-
rera et al., 2002), and its questionable future
availability due to environmental constraints
(Robertson, 1993), there has been a worldwide
search for suitable alternatives to peatsince the
late 1970s (Morel et al., 2000; Pryce, 1991;
Raviv et al., 1986).

With regard to this search, much attention
has been paid to recycling and reclaiming
solid organic wastes generated by produc-
tion, industrial and consumer activities for
use as soilless growing media ingredients for
containerized crop production (Abad et al.,
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2001; Fitzpatrick et al., 1998; Morel et al.,
2000; Pryce, 1991; Raviv, 1998; Raviv et al.,
1986, 2002; Verdonck, 1984).

In recent years there has been a dramatic
increase in the use of coconut coir dust (CD)
as an environmentally sound peat substitute
in soilless growing media for containerized
crop production (Abad etal., 1997; Evans and
Stamps, 1996; Handreck, 1992,1993; Makand
Yeh, 2001; Meerow, 1994, 1995; Noguera et
al., 1997,2000; Offord etal., 1998; Stamps and
Evans, 1997, 1999). Coir is the name given to
the fiber that constitutes the thick mesocarp or
husk of the coconut (Cocos nucifera L.) fruit,
and which is used for manufacturing ropes,
matting, and many other products. CD is the
waste material that remains after the coconut
husk has been processed for the extraction of
the industrially valuable long fibers, and it is
normally incinerated or dumped without con-
trol (Grimwood, 1977; Meerow, 1997; Vidhana
Arachchi and Somasiri, 1997). Waste-grade
coir may be finally sieved to remove part or
most of the fiber, and the remaining product
(CD) is then dried and compressed into bricks
or bales, wrapped, and shipped (Evans and
Stamps, 1996; Evans et al., 1996; Konduru
etal., 1999).

Although Sri Lanka is the leading manu-
facturer of plant substrates derived from CD,

other countries in Asia, tropical America,
and Africa are also major coconut producers
and processors (FAO, 2003). Nevertheless,
research into CD physical properties—which
affectirrigation management—is scarce and in-
complete,and most of these studies concentrate
only on coirs from Sri Lanka (Meerow, 1994,
1995) or a few Asian countries (Evans et al.,
1996; Handreck, 1992, 1993; Konduru et al.,
1999; Stamps and Evans, 1997). Furthermore,
contradictory reports have been published in
the literature (Fornes et al., 2003) since it has
been stated that in comparison with sphagnum
peat CD shows either a similar or superior
ability to hold water (Cresswell, 1992; Evans
etal., 1996; Handreck, 1992, 1993), or alower
water-holding capacity (Bragg, 1998; Noguera
etal.,1997,2000; Prasad, 1997), and reversely
for the aeration properties. In addition, little
work has been undertaken to examine the ef-
fect of particle size distribution on the physical
properties of CD as container medium.

Therefore, an in-depth study of the physical
properties—and their relationships—of vari-
ous coir dusts from different tropical countries
would considerably improve existing knowl-
edge regarding the characteristics ofthis mate-
rial as well as irrigation practices when using
CD as a container medium component.

The objectives of this research were to
determine the main physical properties of
thirteen CD samples from different sources for
use as peat substitutes, and to examine both
their variability and the effect of particle size
distribution on the properties studied.

Materials and Methods

CD and peat samples. Thirteen CD
samples from six countries in Africa, tropical
America, and Asia and one peat sample from
Canada were characterized and compared at
the physical level.

The CD samples were either collected by
one of the authors or provided by collaborators
from Costa Rica (Cocos La Costa Ltda., San
José; samples CR1 and CR2), India (Comptoir
Roussillonnais, Madras; IN1), Ivory Coast
(Tropical Plantation Fruit Co., Daloa; IC1),
Mexico (Eco Productos Palmira, Colima; ME1
to ME4), Sri Lanka (Delmege Forsyth Co.
Ltd., Colombo; SL1 and SL2), and Thailand
(Chia Thai Seed Co. Ltd., Bangkok; TH1 to
TH3). In each country, samples were labelled
by increasing particle size (coarseness index,
see below). Coir dusts were selected according
to their different sources, processing methods,
commercial presentations, relative propor-
tions of pith to fiber, and colors. CD samples
from Asian countries came from husks that
were retted (soaked in water) during the coir
extraction process, whereas the African and
American ones came from unretted husks,
processed by mechanical means only. Samples
SL2, THI1, TH2, and TH3 were collected as
highly compressed dried bricks (0.8 to 1.2 L
volume, compression ratio 6:1 to 10:1), IN1
and SL1 as compressed bales (5.8 to 13.0 L,
compression ratio about 4:1), and CR1, CR2,
IC1, ME1, ME2, ME3, and ME4 as moist,
loose materials. All the CD products were com-
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mercially produced and marketed as container
mediaingredients for soilless substrate culture.
Fourrandom samples (about 25 L/sample) were
collected from each batch. Coir dusts were
rehydrated with distilled water according to
manufacturers’ instructions before laboratory
determinations. In addition, CD compressed
samples were expanded mechanically to re-
cover the original volume.

The peat sample used as standard mate-
rial (control) for comparisons was a light and
weakly decomposed (H1-H3 in accordance
with the humification scale; Von Post, 1937)
Canadian sphagnum peat (Annapolis Valley
Peat Moss Co., Berwick, Nova Scotia). This
purchased sample was representative of the
peatcommonly used for container grown crops.
It was marketed in bales of compressed dried
productand imported by Comercial Projar S.A.
(Valencia, Spain). It was expanded mechani-
cally and rehydrated with distilled water.

Physical characterization. Particle size
distribution was determined on 200 mL air-
dried samples. Particle sizes were separated by
means of an electromagnetic, digital vibratory
shaker (model 002; CISA, Spain) for 10 min at
the highest intensity, using sieves of 200 mm in
diameter and square mesh sizes 0 0.125, 0.25,
0.5, 1, 2, 4, 8, and 16 mm. Material collected
in each sieve was weighed and expressed as
percentage by weight of the whole sample. Both
the geometric particle-size diameter (d_ )-the
geometric mean diameter of particles—and
the geometric particle-size standard deviation
(Gg)—an indicator of the degree of the spread
of the particle-size distribution curve—were
calculated using the following expressions
(Shirazi and Boersma, 1984): dg= exp (a) and
O, =exp (b), where
a=) mlInd

1

and b=y m, (Ind) - a’
i

with m, being the fraction of total CD mass
having diameters equal to or less than the sieve
i,and d, equal to the average (arithmetic mean)
mesh diameter of two consecutive sieves. In
addition, the coarseness index (CI)—a param-
eter that defines the particle size distribution
with one single value—was calculated and
expressed as the cumulative percentage by
weight for all particles with a diameter larger
than 1 mm (i.e., the sum of fractions with par-
ticle sizes ranging from > 1 mm to > 16 mm)
(adapted from Richards et al., 1986).

The water release curve of CD samples
for a suction range of 0 to 10 kPa (series of
water suction applied =1, 2, 3, 5, and 10 kPa)
was determined according to De Boodt et al.
(1974). These authors also defined the air-water
relationships determined in the present work.
Total pore space is the percentage of the vol-
ume of the material that can actually be filled
with water. Air content is the difference—in
percentage by volume—between the total pore
space and the moisture content at a suction of
1 kPa. Easily available water is the percentage
by volume of water released from the material
when the suction increases from 1 to 5 kPa.
Water buffering capacity is the volume—in
percentage—of waterreleased from the material
when the suction increases from 5 to 10 kPa.
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The retention characteristic model proposed
by Van Genuchten (1980) was used to fit the
measured water release curves and to describe
the hydraulic properties of CD samples. This
model is expressed by the following equation:
0(h) =0+ (6,—0)/[1 + (ah)"]™ where 6(h) is
the volumetric moisture content at the water
suction (h in cm) applied when measuring
the retention curve; 0, and 6_ are the residual
and the saturated water content, respectively;
and o, n, and m are parameters that determine
the shape of the curve. Both 6(h) and 6_were
measured—0 by saturating the samples before
the suction increase—whereas 0, o, n, and m
were estimated by fitting the measured reten-
tion curve to the model and assuming that m
=1 - 1/n (Van Genuchten and Nielsen, 1985).
Moreover, the relative hydraulic conductiv-
ity-K (h)-of CD samples was predicted by
combining the hydraulic models proposed
by both Van Genuchten (1980) and Mualem
(1976), using the equation:

K, (h)=[1-(ah)"" [1 + (ah)'] "]

[1+ (ah)"]™2

where h, a, n, and m mean the same as that
previously stated.

Bulk density and total water-holding capac-
ity at container capacity were determined using
loosely packed cores and methods adapted from
De Boodtetal. (1974) and Evans et al. (1996).
In the present study, steel cylinders measuring
40 mm inheightand 82.3 mm internal diameter
(about 210 mL) were used.

Finally, wettability characteristics were
determined according to AS 3743 (Australian
Standard 3743) and the results expressed in
minutes taken for the water to soak into the
substrate. All physical determinations were
replicated four times.

Data analysis. An analysis of variance
(ANOVA) was conducted to determine if
CD source significantly affected the physical
properties studied and to compare the coirs
tested with the sphagnum peat used as control.
Where significant differences did exist, a New-
man-Keuls multiple range test was conducted
at P <0.05 to establish significant differences
between means. Linear regressions were fitted
by least squares and determination coefficients
(r*) were calculated. Stepwise multiple regres-
sion analysis was used to find a limited set of
independent variables with which the depen-
dent variable might be predicted adequately.
All statistical analyses and correlations were
performed using the Statgraphics Plus 4.1
statistical package (Statistical Graphics Corp.,
1999).

Results and Discussion

Physical properties of CD and their com-
parison with peat. The particle size distribu-
tion varied considerably between the different
samples tested with the graphs fluctuating
between flattened and spread distribution
curves (Fig. 1). Further, data for o, indicated
that the coir from India (IN1) was the most
homogeneous (well graded), whereas sample
ME4 from Mexico was the most heterogeneous
(poorly graded) (Table 1).

From the 9 sieved fractions with particle
sizes ranging from <0.125 mm to >16 mm in
diameter, the frequency of the most abundant
particle-size ranges was: 0.5 to 1 mm, 8
samples; 0.25 to 0.5 mm, 2 samples; 1 to 2
mm, 2 samples; 8 to 16 mm, 1 sample (Fig. 1).
In all the coir dusts from India, Sri Lanka, and
Thailand as well as in some from Costa Rica
(CR1) and Mexico (ME1 and ME2), most of
the particles were from pithy tissue (particle
diameter <8 mm, according to Evans et al.,
1996). Sample TH1 from Thailand had the
greatest amount of fine particles (<0.5 mm)
and hence the smallest d_(Table 1). On the
contrary, most of the sampfes from Costa Rica,
Ivory Coast and Mexico contained abundant
fiber (particle diameter >8 mm, according to
Evans et al., 1996) and therefore showed the
largestd . The CI, expressed as the cumulative
percentage by weight of particles larger than 1
mm, ranged from 12%to 66%, the lowest value
being for sample TH1 and the highest for ME4
(Table 1). Differences in particle size distribu-
tion observed between CD sources are prob-
ably related to the most complete extraction
and exploitation of the long coir fibers when
processing the raw coconut husks in Asian
countries as compared to those husks processed
in African and American locations (Fornes et
al., 2003). When comparing coir dusts taken
from the same country, both the CI and the dg
fluctuated widely and significantly between the
different samples collected with the exception
of Sri Lanka, where particle size did not differ
between the two coirs tested (Table 1). This
could be because this country has become the
leading processor of CD as horticultural sub-
strate (Handreck, 1993; Konduru et al., 1999;
Meerow, 1994), and the manufacturers apply
severe quality control standards. Moreover,
CD particle size was generally smaller than
that of peat (Table 1).

CD was evaluated as a lightweight material
with bulk density varying from <0.03 g-cm™
to about 0.09 g-cm> (Table 2). For each CD
source, bulk density decreased when the CI
increased. Bulk density of peat was in general
significantly higher than that of CD.

Good and highly significant agreement
between the measured and the fitted water
retention data—following the model proposed
by Van Genuchten (1980)—was obtained
throughout the tested suction range (0 to 10
kPa) for the CD samples examined in this
study (R > 0.985 in all the cases, P <0.001)
(data not shown).

CD showed aparticularly high total porosity
for air and water, the total pore space reaching
levels as high as 98.3% ofthe volume (Table 2).
Total pore space and bulk density were closely
and inversely related. From the values of these
parameters for the thirteen coir dusts studied,
the following relationship was established:
TPS=99.9-64.8 BD (> =0.988, P<0.001)
in which TPS is the total pore space (% by
volume) and BD represents the bulk density
(g-em™). Furthermore, for the coirs from the
same country, total porosity increased with
increasing CI.

Given theremarkable differences in particle
size distribution between CD samples, the
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Fig. 1. Particle size distribution of thirteen coir dusts
from different sources, and of the sphagnum peat
(PEAT). CR = Costa Rica; IC =Ivory Coast; IN
= India; ME = Mexico; SL = Sri Lanka; TH =
Thailand. In each country, samples were labelled
by increasing coarseness index.

air-water relationships also varied sharply
and significantly (Table 2). Air content ranged
from 24.2% for TH1 to 89.4% of the volume
for ME4, whereas the easily available water
varied between 36.0% and <1% of the volume
forsamples TH1 and ME4, respectively. Water
buffering capacity averaged 3.5% by volume,
the lowest limit corresponding to ME4 (0.2%)
and the highest to TH2 (7.5%). Total water-
holding capacity fluctuated between 137 and
786 mL water/L substrate for samples ME4
and TH1, respectively. The remarkably small
values for both easily available water and water
buffering capacity in some of the coir dusts
studied, especially in samples ME4, ME3,
CR2, and IC1, are not related to the actual
availability of water to plant roots growing
in these substrates (Fornes et al., 2003; Hiit-
termann et al., 1999). Laboratory methods
(De Boodt et al., 1974) underestimate these
parameters for coarse-textured substrates rela-
tive to the water volume that plants take up
from the medium. That occurs because of the
loss of contact between water and particles as
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Table 1. Geometric particle-size diameter (dg), geometric particle-size standard deviation (o ), and coarseness
index (CI) of coir dusts from different sources. Comparison with peat. Each value is the mean of four
replications.

CI

Source (mfgn) o, (% by wt)
Costa Rica (CR)

CR1 0.89 a* 3.14cd 43 f

CR2 2.0lc 428 ¢ 62h
Ivory Coast (IC)

IC1 1.38b 3.16 cd S3g
India (IN)

IN1 0.65a 2.11a 29 cd
Mexico (ME)

MEI1 0.57a 2.53 abc 22b

ME2 0.75a 3.29d 35de

ME3 1.57b 387¢ 62h

ME4 2.34d 5.05f 66 h
Sri Lanka (SL)

SL1 0.78 a 2.37 ab 31de

SL2 0.79 a 2.51 abe 36¢
Thailand (TH)

TH1 035a 2.63 abed 12a

TH2 05la 3.06 cd 25 be

TH3 0.62a 2.81 abed 33 de
Peat 1.73 be 430e 63 h
Significance ok ok ok

“Mean separation within columns by Newman-Keuls multiple range test at P < 0.05.
“*Significant at P < 0.001.

the initial water is removed by bottom suction.  of these materials. Under these conditions, the

This condition produces artificially low values  unsaturated hydraulic conductivity—being
forthose parameters despitethe highaircontent  a characteristic function of the medium and
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Table 2. Selected physical properties of coir dusts from different sources and their comparison with peat.
Each value is the mean of four replications.

Total
Total Easily Water water-
Bulk pore Air available buffering holding
density space content water capacity capacity
Source (grem™) (%byvol) (%byvol) (%byvol) (% by vol) (mL-L™)
Costa Rica (CR)
CR1 0.041 b* 97.0d 59.6¢ 14.4d 29b 417d
CR2 0.026 a 98.2¢ 753¢g 49b 13a 252b
Ivory Coast (IC)
IC1 0.071e 952b 66.7f 8.6¢ 09a 276 ¢
India (IN)
IN1 0.056 ¢ 96.3 ¢ 412 cd 21.6f 6.5de 547 e
Mexico (ME)
MEI 0.072 ¢ 952b 43.7d 228f 52cd 639 f
ME2 0.061 cd 95.9 be 57.8¢ 14.7d 3.0b 458d
ME3 0.039b 97.4d 833 h 2.6 ab 03a 201b
ME4 0.025a 983 ¢ 89.41 0.7a 02a 137 a
Sri Lanka (SL)
SL1 0.089 £ 94.1a 31.7b 22.5fF 53cd 585 ef
SL2 0.072 ¢ 95.1b 42.0cd 224f 4.0 be 54l e
Thailand (TH)
TH1 0.073 ¢ 952b 242 a 36.0h 48c¢ 786 g
TH2 0.063 cd 95.8 be 373¢ 27.7g 75¢e 648 f
TH3 0.056 ¢ 96.2 ¢ 453d 18.6¢ 3.0b 533e
Peat 0.084 £ 942a 412cd 225¢fF 4.4bc 620 f
signiﬁcance sk sk sk ek ki ek

“Mean separation within columns by Newman-Keuls multiple range test at P < 0.05.
“Significant at P < 0.001.

highly sensitive to moisture variation—is a
better indicator of the actual availability of
watertotheroots (Ravivetal., 1999; Wallach et

al., 1992a,1992b). Moreover, the hydrophobic
characteristics of these four samples, particu-
larly ME4, could be partly responsible for their

poor water-holding properties. The hydraulic
characteristics of the coir dusts tested were
also studied since the hydraulic conductivity
indicates the actual availability of water to
plant roots better than the static approach to
casily available water, and therefore it should
be used for effective management of irrigation
and fertilization in soilless substrate culture
(Ravivetal.,1999,2002; Wallachetal., 1992a,
1992b). In the present study a first approxi-
mation towards the estimation of hydraulic
conductivity was attempted by predicting the
relative hydraulic conductivity, K (h). The
predicted relative hydraulic conductivity vs.
suction for the thirteen CD samples is shown
in Fig. 2. As suction increased from 0 to 1 kPa,
K, (h) decreased significantly from about two
orders of magnitude for TH1 to eleven orders
of magnitude for ME4. The predicted values of
K, (h) also declined as suction increased from
1 to 5 kPa (over the range of easily available
water), but were horizontally asymptotic at
higher tensions (from 5 to 10 kPa, over the
water buffering capacity range). The hydraulic
characteristics of CD clustered around those of
peatwith significant differences between them,
and were in ranges similar to those found for
other materials used as container media (Raviv
et al., 1999; Wallach et al., 1992a, 1992b).
Finally, the wettability results obtained in-
dicated that CD is a material which rehydrates
easily and rapidly. In general, wettability data
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Fig. 2. Predicted relative hydraulic conductivity vs. water tension of thirteen
41 coir dusts from different sources, and that of peat (PEAT). CR = Costa
Rica; IC = Ivory Coast; IN = India; ME = Mexico; SL = Sri Lanka;
TH = Thailand. In each country, samples were labelled by increasing
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for CD were under 7 min, a value much lower
than that for peat (19 min) (data not shown).
Particle size distribution effect on physi-
cal properties of CD. Physical properties of
container media depend on the material used,
the particle size distribution, and the packing

characteristics of particles (Burésetal., 1993a,
1993b). Moreover, particle size affects pore size
distribution and, hence, the air-water balance
in the medium (Evans et al., 1996; Raviv et
al., 1986, 2002).

At this stage of the research, it was con-
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Fig. 3. Relationship between the water-holding
properties of thirteen coir dusts from different
sources and their particle size distribution ex-
pressed as the coarseness index (percentage by
weight of particles with & >1 mm). (a) Easily
available water, (b) total water-holding capacity.
Each value is the mean of four replications + the
standard error of the mean.

sidered valuable to study the results for CD
physical properties by regression analysis using
the CI. By regression of the experimental data,
linear models were established with optimum
fittings (coefficient of determination, 72, highly
significant) (Figs. 3 and 4). Both total water-
holding capacity and easily available water
declined proportionally with increasing CI.
On the contrary, air content was positively
correlated to the CI.

To achieve optimal plant growth, a high
content of easily available water (20% to 30%
by volume) together with an adequate air sup-
ply (20% to 30% by volume) are considered to
be the most important physical characteristics
of container media (Bunt, 1988; Fonteno and
Bilderback, 1983; Raviv etal., 2002; Richards
etal., 1986; Riviere etal., 1990). CD complied
with these conditions when the CI was around
20% (Figs. 3 and 4).

CD samples with a CI similar to sphagnum
peatshowed comparatively higher aerationand
lower capacity to hold total and easily available
water (Tables 1 and 2). An air-water balance
similar to that in peat was registered in CD at
a comparatively lower CI (29% vs. 63% in
peat) (Figs. 3 and 4). Differences in physical
properties between peat and CD samples with
similar particle size distribution are related to
their microstructure and porosity character-
istics. Pithy tissue particles in CD have been
found (Fornes et al., 2003) to be highly porous
(sponge-like), these particles exhibiting round
external pores of around 44.3 um in diameter
whichaccounted forarelative surface porosity
of 40.9%. By contrast, the cells of sphagnum
moss leaves showed oval-shaped pores 0f20.1
x 11.5 um and a relative surface porosity of
only 12.0%. Both significantly higher surface
porosity and larger openings in pithy tissue
particles of CD facilitate water penetration into
the cells as well as subsequent drainage to a
greater extent than in peat. This could explain
the higher air content and the lower total and
available water-holding capacity of CD in
comparison to peat. Additionally, the larger
pores of CD would allow the removal of water
at lower suctions than with peat.

To determine which particle sizes (X))
control the main physical properties of CD,
experimental data for air content (AC, % by
volume), easily available water (EAW, % by
volume), and total water-holding capacity
(TWHC, mL-L") were subjected to a regres-
sion analysis according to the stepwise variable

Fig. 4. Relationship between the aeration properties
of thirteen coir dusts from different sources
and their particle size distribution expressed
as the coarseness index (percentage by weight
of particles with & >1 mm). Each value is the
mean of four replications + the standard error
of the mean.
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selection procedure (property vs. particle size
ranges). The following models were selected
for these physical properties, taking into ac-
countthe hypothesized signs for the regression
coefficients and the highest coefficients of
determination:

AC=1233-33X (R*=0.943; P<0.001)

EAW =-142+13 X +04 X, (R*=0.943;
P<0.001)

TWHC =268 +25 X, + 18 X, (R* = 0.974;
P <0.001)

where X, = Percentage of particles (by weight)
within the size range 0.25 to 0.5 mm, X, =
Percentage by weight of particles with diam-
eters in the range of 0.125 to 0.25 mm, and
X, = Percentage of particles (w/w) measuring
between 0.5 and 1 mm in diameter. From these
equations, it can be concluded that particles in
the 0.125 to 1 mm size range had a remarkable
and highly significant impact on the physical
properties of CD, while particles <0.125 mm
and >1 mm had only a slight or nonsignificant
effect. In addition, particles between 0.125
and 0.5 mm in diameter affected air content,
easily available water, and total water-holding
capacity to a significantly greater extent than
did those in the 0.5 to 1 mm fraction.

The hydraulic characteristics of CD also
depended on the particle size distribution
(Fig. 2). Coarse-textured samples underwent
a remarkable drop in relative hydraulic con-
ductivity with the increase in the suction ap-
plied, whereas in the fine-textured coirs this
physical parameter declined gradually. CD
hydraulic conductivity was strongly correlated
with the particle size distribution: K, (1 kPa)
=2x10°CP+2x10*CI?-9.4x 103 CI
+0.1320 (R*=0.877; P<0.001), where K (1
kPa) is the relative hydraulic conductivity at 1
kPa suction, and CI stands for the coarseness
index (in % w/w).

Wide variations observed in particle
size distribution and in physical properties
between CD sources are probably related to
two major factors: the coconut fruititself, and
the processing of the coconut husk (Evans et
al., 1996; Fornes et al., 2003; Konduru et al.,
1999; Noguera et al., 2000). Raw coconut
fruits may vary in their proportions of pith to
fiber in the mesocarp tissue, and hence in their
particle size distribution. On the other hand,
the degree of both husk grinding and screen-
ing of the remaining waste-grade coir may
influence the relative proportions of particle
sizes in the commercial product. Further, the
age of the stockpiled CD could also affect its
physical properties since long-term microbial
degradation of organic materials leads to
a significant reduction in the size of their
constituent particles (Abad and Puchades,
2002; Orquin et al., 2001).

Conclusions

Physical properties of CD such as water
supply and availability, aeration, and relative
hydraulic conductivity strongly depend on
particle size distribution. From the regression
equations presented in this study, a CD-based
medium with suitable physical characteristics
for a specific soilless substrate culture system
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could be prepared by mixing adequate propor-
tions of the different particle size fractions. By
varying either the degree of husk grinding, the
screen size or the screening strength of the
waste-grade coir, or by selecting the CD age,
coir dusts with specific particle size distribu-
tions could be obtained, and thus the required
physical properties achieved. An understand-
ing of how these factors affect the physical
properties of CD is needed so that a consistent
product with acceptable characteristics can
be produced.

In addition, CD and peat differed remark-
ably in their particle size, and therefore, in
their physical properties. As a consequence,
irrigation schedules may need to be adjusted
on a crop-by-crop basis.

Results obtained from this study will
contribute to existing knowledge regarding
the physical characteristics of CD, thus help-
ing to improve irrigation management in CD
container media.
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