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Abstract. This paper presents the results of a field exper-(Abramson et al., 1995). The effect of vegetation is only
iment conducted in Kerala, South India, to test the effec-fully realised once it has reached maturity. During the crit-
tiveness of coir geotextiles for embankment protection. Theical stage of plant establishment the beneficial engineering
results reveal that treatment with geotextile in combinationproperties of the vegetation may not be apparent and a site is
with grass is an effective eco-hydrological measure to pro-still highly susceptible to soil erosion. Without immediate,
tect steep slopes from erosion. In the context of sustainableappropriate and adequate protection, slopes can suffer from
watershed management, coir is a cheap and locally availablsevere soil erosion and instability, which in turn makes vege-
material that can be used to strengthen traditional earthetation establishment extremely difficult. Erosion of seeds and
bunds or protect the banks of village ponds from erosion.seedlings from unprotected sites by surface runoff and winds
Particularly in developing countries, where coir is abundantlyis costly since all previous attempts to establish vegetation on
available and textiles can be produced by small-scale industhe slope have to be repeated (Rickson, 1995). Hence a pro-
try, this is an attractive alternative for conventional methods.tective covering on soil is required which resists soil erosion,
This paper analyses the performance of coir geotextile in difretains runoff and facilitates establishment of vegetation on
ferent treatments with respect to soil moisture content, prothe surface. By protecting the surface, these covering mate-
tection against erosion and biomass production. rials dissipate the energy of raindrop impact, increase infil-
tration by reducing surface sealing and reduce the velocity of
overland flow. In addition they help to reduce intense solar
radiation, suppress extreme fluctuations of soil temperature,
reduce water loss through evaporation and increase soil mois-

. Lo . . . ture, which can assist in creating ideal conditions for plant
Soil erosion is increasingly recognized as a problem which

needs an effective and economic solution. Several slopéJrOWth (Sutherland et al., 1998; Zlegle.r etal, 1997). _
protection methods are currently used to stabilize slopes. OVer the past decade, geosynthetics have played a sig-
Among these methods biotechnical methods, making use opificant role in geo-environmental engineering appllcat'lons.
natural vegetation are becoming more popular mainly for en\Woven and nonwoven geosynthetics have been used in var-
vironmental and economic reasons. Natural vegetation odCUS applications such as soil stabilization, turf reinforce-
slopes is able to self-maintain, brake and dilute the kinetic™ent, erosion control, separation, filtration and drainage. De-
energy of the rain and also provide surface roughness whicpending on the application, they are available under various
slows the runoff velocity. The root system reinforces the (rade names such as rolled erosion control systems (RECSs),
soil and also facilitates infiltration of water by improving the 9€0Synthetic matting, geotextiles, erosion control blankets
porosity of the soil (Ranganathan, 1994: Ahn et al., 2002).(ECBS), erosion control re-vegetation mats (ECRMs) and
However there are certain limitations which can hamper thelurf reinforcement mats. Despite the technological advances
establishment of vegetation: it is susceptible to drought, itmade in this relatively new discipline, the majority of re-
is difficult to get established on slopes, it is unable to re-S€arch has focused on geosynthetics made from synthetic

sist severe scour or high runoff and takes time to establisinaterials. The use of naturally occurring fibre products for
similar applications has not received significant considera-
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Table 1. Manufacturing details of different types of coir. Geotextiles (adapted from Ayyar et al., 2002)

Designation  Type of warp yarn  Approx. scorage Ends perdm Type of weftyarn  Picks per dm Masy (kg/m
of warp yarn (No.)

MMA1 Anjengo 14 9 Vycome 8 0.650
MMA2 Anjengo 12 19 Aratory 11 1.400
MMA3 Anjengo 12 11 Aratory 7 0.700
MMA4 Anjengo 11 13 Aratory 7 0.900
MMAS5 Anjengo 11 18 Anjengo 9 1.300
MMR1 Aratory 15 14 Aratory 14 0.875
MMV1 Vycome 13 9 Vycome 8 0.740
MMV2 Vycome 12 4 Vycome 4 0.400

to synthetic fibres (Mandal, 1987). But there were only very this will provide a livelihood and an important source of food
few scientific literature available in field conditions in vari- security for many farmers in Kerala, India.

ous applications using coir geotextile, and that has been cited

in this paper.

. " . 2 Background
Detention ponds are traditional water conservation struc- 9

tures used for drir_lking, domestic and irri_gation pUrposes iN«cqir is the agricultural fibre obtained from the husk of
Kerala, South India and they are the major water source fOfng coconut fruit which surrounds the base shell. It pro-

the village community. These ponds also act as an infiltrayjges the raw material for the coir industry. Coir fibres are

tion basin or recharge basin, which enhance groundwategg gitterent types and are classified according to varying de-
recharge. In.alrr)ost all micro-watersheds there is one V'I'gree of colour, length and thickness. Length of coir varies
lage pond which is under the control of the local governmente. ;.\ 50 mm to 150 mm and diameters vary from 0.2 mm to
called the Panchayat. During monsoon, the side banks of) g mm. The fibre is of two types depending on the process
these ponds erode and the ponds get silted up. The samg eyiraction: white fibre and brown fibre. White fibre is ex-
silt from the pond is subsequently used to restore the sidg a.teq after retting mature coconut husks for 9-12 months,
banks but it is often eroded before vegetation can establishy,oyed by beating of the retted husks with mallet manually
Hence continuous maintenance is required for deepening angl 1hrashing out the coir pith. Brown fibre is extracted by

desilting of ponds to maintain their water holding capacity. mechanical means after soaking the husks for a short period
Neither the local government nor the community may havej, yater. The brown fibre is relatively inferior in terms of

enough funds for these labour intensive works. Ultimately o ,ajity. Brown coir is mainly used for ropes, rubberized coir
the ponds get filled up and deteriorate and the area becomeg, in upholstery. The extracted fibres are then spun into
subject to water shortage during the summer season and even, o gifferent weights. The yarn is classified in terms of

in dry spells. Most watershed projects meant to support COMyy e of fibre, colour (natural), twisting and spinning. The
munities propose conventional stone bunds for soil and was

X e %arn is then converted into mats in handlooms, semi auto-
ter conservation. However, the majority of the people cannot, 4+ic looms or power looms. Scorage of yarn differs among

afford these structures without support from the governmentyjigarent types of geotextiles. The scorage of the yarn is the
Water storage capacity of the ponds is reduced due to erosiof,mper of strands that can be laid close to each other without
of side banks. This leads to water shortage in summer. HenCSverIapping in a length of 0.9 m (1 yard). Coir is a lignocel-
itis interesting to look for an alternative material which is ef- | |1 cag polymeric fibre with 45% lignin and 43% cellulose.
fective in reducing soil erosion, enhancing soil moisture andc; fipres are less sensitive to UV radiations due to leaching
vegetation growth, and which at the same time is economi<, ;4 of photo-sensitive materials from its surface during the
cally attractive and can be manufactured locally. retting process. It has low tenacity (a unit used to measure
The aim of the experiment was to study the effectivenesghe strength of a fibre or yarn, which is usually calculated
of coir geotextiles (natural fibre) for slope protection and to by dividing the breaking force by the linear density (linear
provide an alternative, cost effective option to reduce soildensity in rope specification is weight/unit length) but the
erosion, increase vegetation growth and increase soil moiselongation is much higher (Ayyar et al, 2002). It is a natu-
ture availability. If the efficacy of coir is proved, it can be ral biodegradable material with a highly crystalline structure
used to strengthen watershed structures, thereby offering awith the spiral angle of the micro fibres ranging between 30—
attractive alternative for the expensive conventional methods45°. This leads to a greater extensibility than in most other
Although the processing of coir geotextile is labour intensive,natural fibres. Its high lignin content contributes to higher
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durability and slow bio-degradation compared to other nat-their study revealed that geotextiles can be used in combina-
ural fibres (Balan and Rao, 1996). There are two types otion with vegetation to provide a composite solution of sail
coir mats (geotextiles) available: non-woven mats and wovererosion control.
mats. Non—-woven mats are made from loose fibres, which Coir matting has an open area of 40 to 70 percent. Hence
are interlocked by needle punching or rubberizing. Wovenit allows the growth of grass and provides a large number
mats are available in different mesh openings ranging fromof miniature porous check dams per square metre of soil. It
3to 25 mm. A higher density means a tighter mesh and lesslows down and catches runoff so that sediment settles and
open area. Over the years many varieties have been develvater either passes through the matting or percolates into the
oped in India and are now commercially available in dif- underlying soil. As geotextiles degrade, they provide mulch
ferent mesh matting with international trade names such asand conserve moisture for plant growth. On impact with an
MMA1, MMV1, MMR1 etc., where MM stands for mesh unprotected soil surface, raindrops loosen the soil particles,
matting and A, V or R stands for the name of yarns based orcausing an incremental movement of the suspended particles
the place of origin. Manufacturing details of different types down slope. Soils are susceptible to erosion by flowing water
of coir geotextiles are given in Table 1. even at very low flow rates. If the energy of falling rain can be
Coir has the highest tensile strength of any natural fiberabsorbed or dissipated by vegetation or some other soil cover
and retains much of its tensile strength when wet. It is alsoor surface obstruction, the energy transfer to the soil particles
very long lasting, with infield service life of 4 to 10 years will be reduced and hence soil erosion. When geotextiles are
(English, 1997). The reason for the greater strength of coir isused, they absorb the impact and kinetic energy of raindrops
its high lignin content (Ayyar et.al, 2002). Because of its high and reduce surface runoff. Also seeds and vegetations are
tensile and wet strength, coir matting can be used in very highprotected from being washed away (Anil, 2004).
flow velocity conditions (English, 1997). Tests conducted
by Schurholz (1991), cited in: Banerjee (2000), for material
testing on jute, sisal, coir and cotton over a prolonged pe3 Study area
riod of time in highly fertile soil maintained at high humidity
(90%) and moderate temperature revealed that coir retaine
20% of its strength after one year whereas cotton degraded i
six weeks and jute degraded in eight weeks. Rao and Bala
(2000), in their erosion control study, showed that coir geo-

textile (MMA3 and MMV?2) is capable to prevent surface n ; .
erosion of particles along the surface of a slope and facil—77o7 16" east. The watershed is characterized by moderately

itates in sedimentation of soil on previously exposed rockSIOping to steep hi"S_ intervened b_y very_gently sloping val-
surfaces. Even after seven months, the matting retained 56()|/gy§. The area experiences a humid tropical climate with two
of its original strength against the reported value of 56% re_(flstmct monsoons (Northeast and Southwest) and an average

duction in strength in six months by Oostbuizer and Krugermean annual temperature of 2680 The relative humidity

(1994), cited in Rao and Balan (2000). Anil and Sebastianvariecj from 62 to 100 percent (.GOK’ 2002). The Southwe;t
monsoon commences by the first week of June and contin-

(2003) in their study using coir geotextile (MMV1) on dif- 10 Septemb d the Northeast tsin b

ferent slopes show that there is considerable reduction in sotr'heS uPddOI efpgn: ke)r an q et OZ;] eas tm%nsoonbse S": Y

erosion in the treatment plots. In the treatment plots with a € middle ot Lctober and extends up fo December. An-
nual rainfall amounts to 1500 mm/year. Peak rainfall in the

slope of 20%, soil conservation was 77 times higher com- , X .
pared to control plots; on a slopes of 30-40% it was 17 timeEXperimental period was observed in the month of October

higher. Also there is considerable reduction in the time that(429 mm/month) followed by June (243 mm/month). Rain-

it takes for the different treatments to achieve slope stabili-fall events are generally of high intensity and short duration

sation. Plots with geotextiles stabilised earlier than controlfESpeCIaIIy in the Southwest monsoon. This rainfall typically

plots. Reduction in soil loss is mainly due to the coir mat- is in the form of an evening shower with a clear sky during

ting, which reduces the raindrop impact as it intercepts thethe day (GOK, 2002).

direct contact with soil. Balan (2003), in his study using coir

geotextile (MMV1) for gully plugging in the high land re- 4 The experiment

gion of Kerala shows that gullies on the upstream side have

a siltation of 45cm and on the downstream side a siltationg.1  Materials

of 10cm after one monsoon season. Lekha (2004), in her

field trial using coir geotextile (MMA3) for slope stabilisa- Coir has been used in this experiment as a temporary ero-
tion, observed that after seven months of laying, coir retainedsion control measure to help in establishing vegetation and
22% of the strength of a fresh sample. Also the reduction into stabilise steep slopes such as embankments of ponds. Coir
soil erosion and increase in vegetation is significant in plotsmatting selected for the study is MMV1 with the smallest
treated with geotextile. Thomson and Ingold (1986) throughmesh opening of €6 mn? and a density of 0.74 kg/n The

he Amachal watershed in the Trivandrum District, in the
g/estern Ghat region of Kerala, India, has been selected for
gn experiment to test the effectiveness of using coir geotex-
tiles for bank stablisation. The watershed lies in the midland
region between @857’ and 82944" north, 776'26” and
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irregularity may allow water to flow under the matting and
thus cause undercutting (Rao and Balan, 2000). Trenches
of 30cmx 30 cm were dug at the top of the slope to anchor
the geotextile. Rolls of the matting were first anchored in
the top trench and then unrolled along the slope. Anchoring
was done using bamboo pins cut to a length of 25-30cm,
instead of iron hooks used conventionally. Pins were driven
at right angles to the slope to anchor the matting. Each roll
was given an overlap of a minimum of 15cm and anchored
firmly with bamboo pins spaced in a grid of 1 m spacing.
Bamboo pins were also driven at the joints with a spacing
of 1 m. At the bottom, matting was rolled in two layers and
anchored with bamboo pins to hold the soil eroded if any and
also to reduce the intensity of runoff. In the conventional
practise trenches were also dug at the bottom of the slope.
After installation, matting was pressed to closely follow the
Fig. 1. Side of pond with different treatments. soil surface. Trenches were backfilled and compacted.

4.3 Planting of grass
tensile strength of fresh coir matting is 13.8 kN/m. The se-
lection of material was based on the steepness of the slopeshe common grass Speci@xonopus Compressueas se-
Literature shows that for higher slopes, geotextiles with smalligcteqd for the study. This species is used as fodder in this

mes_h openingS_ are better to reduce soil erosion and absoffatershed. It was planted in the treatment plots at a spacing
the impact of raindrops. of 10cm.

4.2 Field layout and installation techniques

A village pond in the watershed was selected for the field® Monitoring
experiment. The side banks of this pond get eroded even
during summer showers. The type of soil is silty sand. TheRainfall was measured using a self-recording rain gauge in-
capacity of the pond is 48 m123 mx2.1 m. The pond has a stalled in the field. Soil moisture, vegetation, nutrient loss
natural depression on one side (see Fig. 2a); the water leveind bio-degradation of coir were measured from all the three
in the pond fluctuates from season to season. The slope dfeatments directly. The experiment was conducted and mon-
the embankment is 70 The height of the exposed slope of itored with close involvement of the user community. In this
the embankment is about 3m. The length of the embankstudy the user community themselves developed indicators
ment varies from 3.10m to 3.50m. Erosion is caused byfor monitoring and evaluation. They scored monitored and
both rainfall and runoff. The limitation for providing a gen- evaluated the results.
tle slope to the embankment is that three sides of the pond Through joint experimentation with the people, beneficia-
are surrounded by existing village roads and the other side isies received training and experience in the design, imple-
a pedestrian road. Beyond the road on two sides, there amhentation and evaluation of experiments. In this way their
existing irrigation canal. Conventional method using rubble capacity for innovation can be substantially increased (John-
for the protection of the embankment is very expensive andson et al., 2003). Bunch and Lopez (1999), through their
hence they opt for the vegetative measures. Hence coir geatudy reveal that, for farmers to accept soil conservation tech-
textile was applied as a protective material for stabilising thenologies, the technology should enhance yields. It is the in-
steep slopes. The experiment consists of three treatments (8jease in yield that convinces the farmers of the value of soil
coir geotextile with planted grass (CGG), (b) Coir geotextile conservation. If the yields have increased or costs have de-
alone (CG) and (c) control plot (CP); replicated four times creased, artificial incentives are not required. On the other
along the sides of the pond. Each side of the pond was dihand if yields have not increased, no artificial incentive will
vided in three equal parts for the three treatments. Figure Inake the adoption of the technology sustainable. Hence
shows the side of pond with different treatments. sixty people living in the vicinity of the pond were selected to
The coir was laid during 17-22 May 2004, just before the monitor and evaluate the performance of the different treat-
onset of the monsoon. The installation procedure followedments. They monitored the density and uniformity of the es-
was generally similar to that used for surface erosion controltablished vegetation, and the soil erosion from the upper and
All the vegetation was removed and the soil on the surface ofower portion. Data sheets were provided for scoring. Fig-
the slope was well graded to remove unevenness, since anyres 2a and b shows the pond before and after the treatment.
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Fig. 2a. Pond before treatment.

Fig. 2b. Pond after treatment.

6 Results and discussions

6.1 Soil moisture
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Fig. 3. Variation in moisture content with respect to rainfall.

cause in CGGAxonopus compressiss well established as

a canopy reducing solar radiation. Whereas in CG, the area
was invaded with the same natural vegetation as in the con-
trol plot and most of this vegetation consists of shrubs and

broad-leaved plants. These plants dried up from December
onwards, and less moisture was retained than in CGG. In CP,
the density and uniformity of vegetation was much less along

with the occurrence of soil erosion and runoff. Hence mois-

ture retention was least in these plots. Soil moisture retained
during the dry period in CGG, CG and CP experiments are

in the ratio 1: 0.75: 0.21.

6.2 Protective covering

As the pond is used by the community for both domestic pur-
poses and irrigation, a participatory approach was adopted to
measure soil erosion. People living near the pond were se-
lected and data sheets were provided monthly to compare the
erosion in the different plots. The response of the partici-
pants shows that the erosion in the treated plots is signifi-
cantly less compared to the control plot. It varied in response
to the rainfall. Treatment with CGG stabilised first followed
by CG. The control plot did not stabilise during the monitor-

Soil moisture was determined by gravimetric method from ing period.

different treatment plots. Soil samples from the root zone Figure 4 shows the mean and standard deviation of the
were collected monthly and its initial weight was recorded scores given by the participants with respect to soil erosion
(w1). Subsequently samples were dried in sunlight until ain the different plots. People could give a score from 10-50,
constant weight was obtained, which was considered as thehere 50 represent maximum reduction in soil erosion. In

oven-dry weight (w). Variation in soil moisture in differ-

the plots with CGG, scoring lies in the range of 40-50 and in

ent treatments with respect to rainfall is presented in Fig. 3.CG the scoring ranges from 30—40. The graph clearly shows
Soil moisture was found to be declining subsequently dur-that an immediate effect was seen in plots treated with geo-
ing the observation period even with the increase in rain-textiles. It can be seen that there was some erosion in the
fall events (40—-120 mm/day) in the month of October; dueplot treated with CG alone during the initial stage, but that
to the peculiarity of the Southwest monsoon. Soil moisturethereafter erosion decreased with the growth of vegetation.
in CGG is 21% higher than in the control plot during the dry Both CGG and CG stabilised within nine months. Whereas
period. In CG, soil moisture is less than in CGG. This is be-erosion persisted in the control plot.
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60.0 Table 2. ANNOVA table; response of participants on length of
3 grass, whole treatment
& 50.0
< —+—CGG
g 40,0 —o—Ca Bl B2 B3 B4 B5 B6 B7 B8 B9
= —m—CP
gso.o— Cl1A1 32 35 42 45 47 46 44 42 36
@ ClA2 21 25 30 30 33 3 36 29 31
$ 200 ClA3 13 20 22 20 23 19 17 18 28
%’10'0 C2A1 44 A5 44 47 48 48 45 43 42
C2A2 39 41 32 34 3 30 21 25 28
0.0 C2A3 19 28 23 19 19 15 15 14 19
0 2 manth (1=Jurke) 10 C3A1 46 47 49 49 48 49 48 46 43
C3A2 42 32 34 34 31 27 24 21 28
Fig. 4. Soil Erosion, people’s response C3A3 30 30 21 18 19 18 15 16 19
' ' C4A1 45 46 46 44 50 47 47 46 44
C4A2 31 29 26 21 24 19 18 23 24
500 . : : C4A3 23 22 21 20 20 18 18 16 19
Rainfall 90
400 - %Cge [ ] ./% - 80 F=10.8
—=—CP [ 70 £ A- Treatment, Al= CGG, A2 = CG, A3 = CP respectively, C- Sides
£ 300 T e 7 of the pond, C1= North , B- Month, (1= June)
g o 5
Ezoo- -— " ._502
3 . Fa0 € Maximum intensity was found to be dxonopus compres-
& 100 -30 - Sus
20 The average length of the sampled leaves, at any period,
0 H ﬂ ﬂ [ is assumed to be indicative of the vegetation growth at that
: : period. The perception of the people has been statistically
0 o (1—Jun6e) ¢ 0 analysed by 3 factor ANOVA The ANOVA table for the
) perceived length of the grass is shown in Table 2 (qualitative
Fig. 5. Length of grass (measured). data).

In the CGG (A1) experiment, the length of the grass gen-
erally increased over the first four-five months. Minimum
response on length of grass was noted in the initial months,
and gradually it increased until the month of November. The

Coir matting installed to cover the soil surface provides am-monitoring was carried out for 9 months from June, with 3
ple opportunity for the growth of vegetation. Even degradedm:“atrnents on4 areas. Hence the (_:I(_agree O,f freedom (df) =48
geotextile contributes to the organic composition of the soil (8%2x3). The criterion for 5% significance is aR galue of

and promotes vegetation. Length of grass, weed intensity}-4 and for 1% significance, the F value is 1.6. In this study
uniformity and density of grass has been considered as medhe F value = 10.8, which shows that there is highly signif-
sures for vegetation growth. Within nine months, vegetation!Cant difference between treatments.  Among the three dif-
was well established and the slope was stabilised in the arefgrent tregtments 5'9”“"93“ increase in length of grass was
covered with geotextiles. Average length of the grass of theobserved in geotextile with grass plots compared to control
same species as that in CGG is being measured from all thBlots- _ .
plots to compare the length of grass. Considering individual treatments, with df = 2, the crite-

Figure 5 shows the variation in height of the vegetation atrion for 5%. significance is F = 3 and for 1(.)/0 significance, F
all plots. Growth of vegetation in CGG shows greater val- - 4.6. In this study the F value is 1321, which shows that the

ues than in CG. The control plot shows the lowest value. Intreatments are very effective and differences between treat-

CGG, vegetation established well before it started at CG an ents are highly significant. The mean value for treatment

. . I . Al (CGQG) is 44, for A2 (CG) is 28 and A3 (CP) is 19.
CP. In CG and CP, vegetation established with different vari- A .
eties of weeds, whereas in CGG orlyonopus compressus The difference between Al (CGG) and A2 (CG) is 15 and

was grown. This vegetation started drying up in Decembelbetween A2 (CG) and A3 (CP) is 9, whereas between Al

and even at that time the control plots were not stabilised. 1 ANOVA is a procedure to test for the difference in variability
Intensity of plants per fiwas identified from June 2004 to among treatments and between treatments.

February 2005. Among the grass&gonopus compressus 2 F value is the ratio of the variance between groups to the vari-
and Heteropogon contortualone survived after December. ance within groups.

6.3 Vegetation

Hydrol. Earth Syst. Sci., 10, 565%4, 2006 www.hydrol-earth-syst-sci.net/10/565/2006/



S. Vishnudas et al.: Coir geotextiles in watershed management 571
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Fig. 7. Density of grass, people’s response.

(CGG) and A3 (CP) is 24, while the critical difference €D
= 0.9. This shows that treatment A1 (CGG) is significantly
different from A3 (CP), and A1 (CGG) and A2 (CG) are sig-
nificantly different from A3 (CP). This shows that variations
in the height of vegetation in the three treatments were simiig. 9. CGG thick vegetation after 7 months.

lar in both qualitative and quantitative analysis. Response of

the community with respect to the three treatments in terms

of uniformity and density are shown in Fig. 6 and Fig. 7 re-  Figure 12 shows the degradation curve of the geotextile
spectively. Figures 8-11 show the photographs of the plotswith respect to time. The coir retained 19% of the strength

under different treatments. of a fresh sample after 9 months. After 7 months, it was
observed that tensile strength of geotextiles was reduced by
6.4 Biodegradation of coir about 70%. By that time a sustainable erosion control mea-

sure by the establishment of vegetation was observed in the

Biodegradation of coir was studied based on ultimate tensilé=GG and CG plots whereas erosion persisted in the control
strength of the matting collected from the field during the Plots. Hence the increase in the rate of degradation during
period. The tensile strength test is carried out using the widethe period did not affect the effectiveness of coir geotextiles
width strip tensile test for geotextiles, a uniaxial tensile test in@S an erosion control measure.

which the entire width of a 200 mm wide specimen is gripped

in the clamps and the gage length is 100 mm (ASTM standard

D 4595-86).

3 Critical Difference (CD) is the minimum difference between a
pair of means to be significantly different from each other.
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Fig. 12. Biodegradation of coir with time.
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Fig. 13. Net loss in NPK.

Fig. 11. CP- less density, non uniform vegetation with soil erosion,
after 7 months. in loss of NPK and organic carbon during the study period in
the three treatments.

6.5 Nutrient losses 6.6 Cost analysis

High intensity rainfall in the tropics result in top soil erosion. India is the largest country (66% of the world production)
Soil samples from the surface (top soil) were periodically producing coir fibre, of which Kerala account for two-thirds
collected from the field and tested in the laboratory for Nitro- of the production. According to FAO, out of the total an-
gen, Phosphorous, Potassium and organic carbon. In all theual global production of coconuts, only 10% of the co-
plots, it was seen that loss in NPK and organic carbon wasonut husk is used for fibre extraction which is estimated
higher in CP than in the plots treated with coir geotextiles.to be around 500 Gt/year of coir. Out of this only about
This is mainly due to the protective covering of the geotex-30% enters the world trade. Goshal and Som (1993), cited
tiles. The net loss of nutrients in CGG, CG and CP are in thein: Kaniraj and Rao (1994) have presented an economical
ratio 1: 1.3: 6.2 for Nitrogen, 1: 1.4: 3.5 for Phosphorous evaluation of the use of geotextiles from the Indian perspec-
and 1: 1.4: 4.9 for Potassium. The loss in organic carbon irtive. They compared the costs with synthetic geotextiles and
the three plots is in the ratio 1: 1.4: 2.8. Difference in valuesconventional methods for typical geotechnical problems in
in CGG and CG may be due to leaching of nutrients in CGfour metropolitan cities of India. Even with synthetic geo-
during the initial stage. Figure 13 and Fig. 14 show variationtextiles, it was found to be economical than the conventional
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very attractive option for sustainable development scenarios
in watershed management.
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