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I ntroduction

Aquatic weeds have become a r.*nace to agriculture,
pisciculture and inland navigati't in r*any arts of humid 
trc- ics• This is artlcularly true of the st te oi Kerala 
where the wet. da have spread to such an alarming extant*

Salvinia molest© iitchell locally known as ‘African 
payal* is found all over Kerala* It is estimated that 
nearly 50* 000 he of; water surface is infest* with this 
molesting weed. Alle pey* imakulam* Kottayar- and Trichur 
are the most affected districts* Salvinia is a non
flowering weed of South American origin and is ca able of 
prolific growth and rapid multiplication* They spread 
themselves like © blanket over the water surface. They 
compete with crops for available space and nutrients and 
interfere with peddj cultivation* The additional expendi
ture incurred lor clearing the weeds from paddy fields has 
enhanced the cost of cultivation* It is reported th<rt the 
additional expenditure needed for clearing the weeds from 
paddy fields* varies from &• 900/- to is?* 2*709/- per 
hectare depending upon the degree of infestation*

aalvinia often carnages the engines of sr-all motor boats 
by blocking cooling water intake apertures* in thickly 
infested canals* the forward movement of boats is hindered 
by the resistance offered by the we-- as* A thick layer of 
salvinia restricts the assage of sunlight anc consequently 
fish production is adversely affected* JJecayed salvinia



pollutes water* making it unfit for human use. It 
1 rovides optimum breeding conditions for certain types of 
mosquitoes* There are also reports of extensive clog ing 
of irrigation and drainage channels by the weeds* In 
short* these weeds adversely affect the quality ol human 
as well a s fci (p/CQt i 11 f e * 11 1 s the re i ̂̂ r o* tiiir o s t
importance that these weeds which have elreedy become to 
widespread in Kerala ere controlled*

Mtho-gh necbartical control of aquatic weeds ic a 
sound management -i;. ro*cti> the present day equipment 
available is too expensive in relation to the benefits 
derived* However mechanical measures of wec c; control have 
the great attraction that the control obtained is very 
quick enc also causer, minimum pollution hazards* Another 
advantage is that thu collected weeds can be put to use 
for agricultural or industrial purposes*

The Kerala Agricultural University in 1901 developed 
a chaa. mechanical device for harvesting Salvinia molesta. 
But in this r. • chine clogginfe was © serious problem*
Further the efficiency under all condition© of weed growth 
was not studied*

The objectives o: the present study •■■ire to evaluate 
the perforr-enee char act eristic© of the machine developed 
earlier under various conditions and to develop a clog 
free high c-oscity ejector system*
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REVIEW OF LITERATURE

The information* relating to the origin* growth 
and control of salvinia are reviewed in this chapter* 
The review is presented in the following headings*

1* origin of salvinia
2* salvinia in Kerala
3* Properties of salvinia and
4* control of salvinia

2*1 origin of salvinia

salvinia r.olcata which is locally known as 
African rayal Is actually a native of South America* 
Records gave evidence that specimens of Salvinia 
moleata. salvinia blloba and Salvinia euriculata were 
present in the Botanical garden at Rio de Janeiro* 
South America in 1941* This raises the possibility 

Salvinia molesta is a hybrid of horticultural 
origin (iltChell* 1973). Upto 1973* Salvinia 
molests : itchell was misidentlficd as Salvinia 
aurlculata Aubl. Itchell studied the biology* 
morphology* taxonomy and ecology of this and revealed 
that the weed which was of common occurence in Africa 
and Ceylon was not the same as salvinia aurlculata but 
a distinct taxon* named Salvinia molests. This weed 
may be distinguished from other species of salvinia*



initially by the confirmation of the presence of hairs 
on the spices of the pepillae on the upper surface of 
the leaves, in Africa* salvinia was reported for the 
first time in 1948 at Zambesi river system* but was not 
considered as a weed until it invaded Kariba reservoir 
in 1989. fiance to call it ‘African Payal’ is perhaps a 
little erroneous*

2*2 salvinia in Kerala

CoOk and Out (1971) rsported that salvinia must 
have reached Kerala la about 1950-*80 from Ceylon and 
was first noticed as a menacing weed around 1984*
George (1978) pointed out thet the plant* unknown in 
Kerala before 1953, was believed to have been brought 
to Trivandrum from Bangalore for botanical studies* 
According to Tboras (1979)* salvinia was introduced as 
a rarity in the Botanical Cardens* and the presence of 
this floating fern was first noticed as a noxious weed 
in 19S8 at Veli naar Trivandrum*

over the last 30 years the weed has spread to all 
districts of the state extending from the fresh water 
surface of Kuttanadu region Which lies below sea level* 
to the Kakki dam which has an altitude of 984*5 m* 
a study conducted Jointly by the Kerala Agricultural 
university and the Calicut University identified that 
nearly 7150 km2 (18*4% of the total area of the state)
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was effected by the weed* The diatrictwlae infestation 
of salvinia according to this report is given in Table 1,

The table shoes that the more heavily infested 
districts ere Aileppey# Emekulon, Kotteyam and Triehur. 
The eeed is causing extensive damages to paddy culti
vation and disruption of inland navigation for several 
months in an year.

The lov< lying, costal areas of the state have 
provided a highly favourable condition for the growth 
and spread of this weed. Consequently there was an 
explosive development of the weed from the Trivandrum 
district# where it originated# into the Kuttanadu 
region and the Kole lands of TriChur district. The 
spread of the weed however# has been less drastic to 
higher elevation areas of the northern and eastern 
regions of the state.

The state Department of Agriculture estimated 
that the total area of water-surface actually covered 
by the weed was about 2#00#000 ha. This Information 
Indicates the magnitude of the problem and the enormity 
of the task involved in effecting any control in the 
spread of this weed.

Estimates made by Samuel (1980) revealed that 
the area requiring removal of the weed was of the order 
of 1#00,000 ha.



Table 1. African Payal Infestation in Kerala 
state H>Tf*‘?8

si*
NO* Diftrlett area

OhA

Approx.areaiiMfr
salviniainfestation,

U m h

Per, cent
area
infested

1* Cannaaore 5706 100 1.75
2* Calicut 3726 300 8.04
3* Kal apparent 3636 450 12.37
4* i-alghat 6400 150 3*40
S« Trichur 3032 1300 42*87
6* £mekula» 3377 1200 50*49
7. Alleppy 1664 1100 58*38
6# Kotteyam 2196 700 31*88
9* Idukki 5087 200 3*93
10* wuilon 4621 800 17*31
11. Trivandrum 2192 850 36*79

Total 38864 7150 18*40

(Joy# 1978)



2*3 Properties of salvinia

2*3*1 Biological properties

The Important biological properties concerning 
the morphology# growth phases and reproduction are 
briefly described below.

2.3.1.1 morphological characters

Salvinia has small fragile horlsontelly floating 
stems which bears paired floating leaves* a long 
finely dissected submerged leef hangs from each mode 
and this absorbs water end ions, under the influence 
of transpiration pull exerted from the floating leaves 
and thus performs the function of the roots which are 
absent* one of the three buds present at each node 
produces a dissected leaf* another a pair of floating 
leaves while the third normally retrains dormant* Any 
part of the stem bearing one or more buds is capable 
of growing into an independent plant. The floating 
leaves as well as the submerged leaves are shown in 
Flg.l.

2.3.1 .2  Growth phases and factors effecting growth

Cook and Gut (1971) Identified four distinct 
phases during the growth of salvinia (fig* 2). in the 
first phase salvinia was in the primary invading form



Floating leaves

FLOATING & SUBMERGED LEAVES OF A SALVINIA PLANT



Second phase : vertical growth

Third phase : colonisation of salvinia

Fourth phase : colonisation by woody plant

FIG-2. FOUR GROWTH P H A S E S  OF SALVIN IA

( Cook & Gut ,1971)
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and only lateral growth occurad• But whan thare vaa no 
space for lateral growth* the leaf grow in the vortical 
position and built up an its own dead materiel* In 
this second growth phase plant became very large. This 
growth stage went on until the weed was not able to 
obtain the large quantity of water needed for its growth 
due to the massive dspoait of dead litter. The habitat 
was thus changed and was ready to be colonised by other 
plant apedes. The initial colonisers were mostly 
herbaceous plants Which crept over the nets of salvinia 
and bound them together# giving riae to the third phase. 
The herbaceous plants also contributed litter which was 
deposited on the island# providing a comfortable habitat 
for woody shrubs which would* in turn# be eventually 
replaced by trees (fourth phase)•

Light, tenperature and nutrients are the £unda~ 
mental factors that influence the growth of salvinia. 
Hlbehell and Tur (1975) noted that as the light 
intensity increased the growth of salvinia also 
increased. Growth rates shot up with increasing 
temper ture* from 22*C to 30*C# but decreased rapidly 
with further rise to 35*C. salvinia grows four litres 
as fast in direct sunlight as in the shade# (George, 
1976} • Shade# mcverent and salinity of water and 
drought conditions inhibit the growth of salvinia. The 
submerged third leaflet of salvinia is essential for



absorption of nutrients end its removal affects growth 
end development of the plant.

it waa found that the transition from the first 
growth phase of salvinia to the second phase takes 
place in as little as one and a half months time in a 
suitable habitat like Kumarekam area (sankaranarayanan# 
1981). host habitats in Kerala are either in the first 
or in the second phase of growth. But in isolated 
ponds the third growth phase is also seen. There have 
been little information of the weed having grown into 
the fourth phase anywhere In Kerala.

2.3.1.3 Reproduction

In all the salvinia species* fragmentation and 
regeneration were wore prevalent than development of 
sexual propogules (Loyal and Grovel# 1966). itchell 
(1970) showed that salvinia was incapable of forming 
viable spores and as such did not reproduce separately.

According to Joy (1978)# Salvinia moleata was 
a sterile plant and its reproduction was solely 
vegetative, the broken pieces of mother plants developing 
into new ones, it has a surprising ability to regenerate 
from relatively very small pieces of the plant tissue, 
winds and waves# birds and bsasts and though quits 
inadvertently# man himself play the part of a propagating 
agent and transport and disperse the weed. There is



abundant evidence that man# through his equip ent or 
activities# is the twain agent for spreading the plant 
into new situations.

2*3.2 Chemical properties

a series of chemical analysis of salvinia by 
williams (1956) yielded the following results shewn in 
Table 2.

Little and Henson (1967) analysed the salvinia 
and found that protein content in it was 0.63 per cent, 
studies conducted by Thongs al. (1976) on salvinia# 
based on the samples collected from Kerala state gave 
the following composition on dry matter basis (fable 3).

2*3*3 Physical properties

Important physical properties of aquatic weeds 
relevant to mechanical harvesting include water 
content* density characteristics and pressure density
relationships.

7.3*3.1 water content

The analysis made by williams (1956) on salvinia 
showed that the water content was 89*30 per cent. 
According to Little (1966)# the water content of all 
aquatic p ants was about 92 per cent by weight# resulting 
in only eight per cent of solid matter* Analysis by



Table 2. Chemical content* of Shi viola molests

si*
I<Q* Contents Fresh matter

%
Dry matter

%

1* Moisture 89*30 «.

2. organic matter 6*07 56*72

3* Aeh and sand 4*63 43.28

4. Nitrogen 0*09 0*84

5. Potash (KjO) 1*156 1*46

6. Phosphoric acid 0*022 0*207

7. idme (cao) 0*042 0*386

(williams, 1956)



Table 3* Composition of salvinia on dry matter basis

si. rnnt>nf. Dry matterHo. contents {%)

Dry matter (ovan dried) lO.i £ 0.21

2. crude protein 13.2 £ 0.92

3. Ether extract (fat*
carotene, etc.) 3.7 £ 0.18

crude fibre (Cellulose) 23.5 £ 1.1

Nitrogen free extract 
(soluble carbohydrates) 46.9 £ 1.3

Total aati 12.7 £ 0.41
Acid insoluble aah 
(silica) 2.1 £ C.31

8. Calcium 1.35 £ 0*15

Phosphorus 0.35 £ 0.03

(Thomas ££ al., 1976)



Thomas || j&. (1976) 00 salvinia yielded a value of
10.1 £ 0*2 per cent of dry (tatter content, studies 
made by the Department of life science# of Calicut 
University (Ignatioua# 1979) and Department of Agri
cultural Engineering of Kerala Agricultural University 
(Bamuel £| al*« 1980) indicated that salvinia weed 
contained only leas than five per cent solid matter. 
This showed that the moisture content of fresh 
salvinia would be around 99 per cent.

2.3.3.2 Bulk density

Bulk density means the weight of weed (In moist 
stage) per unit volume* Field experiments conducted 
by sankeranarayanan (1961) in Kuttanadu region and in 
Kole lands of Trichur district showed that the bulk 
density of salvinia at the beginning of the second 
phase of growth was between 370 and 400 kg/m2.

2.3.3.3 Spread density

The term spread density was introduced by Samuel 
(1972) which was defined as the weight of immediately 
harvested drip dry salvinia per unit area. Preliminary 
experiments done by Sensael and Jacob (1977) showed that 
for salvinia weed which had completed horizontal 
expansion Just to cover the water surface* the spread 
density was of the order of 3 kg/»2* in the second 
phase of growth the value was about 7*5 kg/ta2 end with



secondary growth of creepers over the salvinia canopy,
2the spread density was found to be upto 12.5 kg/m .

saakaranarayansn (1981) observed the values of 
spread density under different habitats and degree of 
packing as given in Table 4*

2.3.3.4 Pressure * Density relationship

Livermore £&. CI971) reported that in the
case of water milfoil* it was possible to reduce about
SO per cent the original weight by the application of a

2pressure of 2 kg/car* However, similar studies on
salvinia has not been yet reported.

2*4 Control of salvinia (Weed Management)

since aquatic weed management aims at drawing the 
maximum benefits from these weeds# it does not often 
call for total eradication. Biological# chemical and 
mechanical methods are the usual techniques for 
controlling aquatic weed growth in weter bodies* But# 
so fer# no single method atone has found suitable for 
the complete control of salvinia*

2*4*1 Biological control

Biological methods are the moat desirable bee- uae 
it will not c use environmental pollution and the 
control once achieved will be relatively permanent*



Table 4* spread density of salvinia under different 
habitats and degree of packing

Si.
NO. Degree of packing

Approximate 
spread density 

(t/ha)

1. Light infestation (no 
artificial pecking, does not 
completely occupy the eater 
surface • X stage 80

2. severe infestation 
(conpletely occupies the 
eater surface - 12 stage 160

3. severe infestation end 
packing under eind pressure * 
II stags ♦ wind action 240

4. severe infestation and 
pocking by manual puehing 320

(Sankaranarayanan, 1981)



But this is a slow precsss and will take its own time 
to accomplish, this method involves the use of 
competitive org nisms to suppress the growth of the 
weed species* this pauses the problem of uncontrolled 
growth of organisms mad then attack on alternate feed 
stocks.

A common tropical snail* Pile globose has been 
found to eat voraciously on Salvinia molests* without 
ny appetite for paddy plants (Thomas# 1975)• the over
growth in population of the snail could be used as 
human food* According to Phillipose (1976)# most 
submerged weeds in confined water areas could be 
controlled by rearing of weed eating Chinese grass 
carp of proper slse with the weed* In Kenya and 
Rhodesia* Paulinia acuminata was considered as a 
promising biocontrol agent of salvinia (sankaran# 1976) • 
He also reported Paulinia acuminate* Sanaa multlplicalla 
and Cyrtohaoous yafr̂ fl|ag as promising biocontrol agents 
for salvinia* the Department of Agricultural Entomology, 
Kerala Agricultural university# Vellanlkkara has 
initiated a scheme for ths biological control of 
Salvinia and has found that in Kerala* Cvrtobaooue 
salvinlaa is the soat suitable bioagent.

Various types of bloegeata mey prove useful in 
different places* In acme places, the existing stand



of the weed may be too donee nod herd for the biological 
agent to be very effective* In such pieces* the weed# 
have to be eliminated by chemical or mechanical means and 
the use of a biological agent should come as a secondary 
step to keep down the palatable re-growth* a h  these 
bioagents reported need be subjected to further research 
for achieving complete control of salvinia.

2.4*2 chemical control

Control of aquatic plants with herbicides is 
usually easier# tester and frequently cheaper than by 
any other method* Ecologically# chemical methods are 
disadvantageous because they cause environmental 
pollution*

Reports of Stephen* al. (1963) showed that 
Diquat at 2 kg/ha was recommended against salvinia 
species in 9*3*/»• in the non-fishery waters of Ceylon 
methyl-chlorophenoxy acetic acid (hcpa) plus mineral 
oil emulator« sold as "Shell Salvinia"# has proved 
effective in destroying the salvinia (shllipoee* 1966). 
Dassanayaka (1976) reported that Paracjdjt gave temporary 
control of salvinia in Ceylon.

George (1976) found that Dlquatft and 2* 4-D wore 
effective against salvinia in India* oiquat at 2 kg/ha 
was found to dostroy salvinia plants in five days#
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2# 4-D was affective at a high dose of 25-40 kg/ha.
Both herbicides were effective at the first growth 
phase of salvinia. Mineral oils# kerosene# diesel and 
povcrene, particularly along with urea or some 
surfactant# destroy salvinia leaf hairs# Which are 
the main loci of bouyancy control of this plant. The 
treated plants then sink and decompose thereafter.

salvinia was found to be sensitive to bases# 
among which ammonia waa the moot effective in killing 
the weed selectively# (Ariyaratna# 1977). salvinia 
was found susceptible to thiram# a wall known fungicide# 
at the rate of 7-12 kg/ha when applied with a wetting
agent like Agral-90. Thiram is highly selective to

arice plants# therefore# it ia very pronlasing compound 
for salvinia control in paddy fields (wrg# 1977).

Xn Kerala# chemicals like Paraquat have proved 
effective in paddy fields where the weed met is not 
very thick (Joy and Abraham# 1977). The use of 
chemicals on an extensive scale might cause water 
pollution problems# particularly in watar loggad areas 
of the State# like Kuttanadu. studies on the pollution 
haserds due to frequent use of chemicals are to he 
carried out prior to the extensive use of toxic 
chemicals.



2.4.3 Mechanical control

Mechanical control of aquatic weeds la defined 
as the physical removal of aquatic weeds mannually or 
by power operated devices (generally called as 
harvesters). Mechanical control might be more 
advantageous# if utilisation of the harvested materiel 
can be further developed# for the manufacture of hard 
board and packing materials# for biogas pro uction# 
for making compost and for mulching in coconut gardens 
(Thomas# 1980).

2.4.3.1 Manual methods

Floating boocae mede of bamboo# rope or nets are 
used for removing free floating weeds by encircling s 
smell portion of the weed infested area and pulling 
the weeds ashore. This method can be effectively 
used for small arses from the shore and for larger 
areas if a boat is employed. The most widely practised 
method in Kerala for the removal of salvinia from paddy 
fields is hand picking. Dragging was often recommended 
for use in lakes# canals and narrow rivers Ucul thrope# 
1967) * a heavy chain ear rake bearing downward projecting 
teeth is dragged by means of a power winch or two 
persons on either bank. Cook (1976) reported that 
mannual chaining was used for the removal of salvinia 
from Kakkl reservoir in 1972# end the estimated
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2*4*3 Mechanical control.

Mechanical control of aquatic weeds la defined 
as the physical removal of aquatic weeds mannually or 
by power operated devices (generally called as 
harvesters)* Mechanical control might be more 
advantageous# if utilisation of the harvested material 
can be further developed# for the manufacture of hard 
board end pecking materials# fox biogas production# 
for making compost and for mulching in coconut gardens 
(Thomas# 1900)*

2*4.3.1 Manual methods

Floating booms mads of bamboo, rope or nets are 
used for removing free floating weeds by encircling a 
small portion of the weed infested area end pulling 
the weeds ashore. This method can be effectively 
used for small areas from the shore and for larger 
areas if a boat is employed, the most widely practiced 
method in Kerala for the removal of salvinia from paddy 
fields is hand picking. Dragging was often recommended 
for use in lakes# canals rod narrow rivers (^culthrope# 
1967). a heavy chain or rake bearing downward projecting 
teeth is dragged by means of a power winch or two 
persons on either bank, cock (1976) reported that 
mannual chaining was used for the removal of salvinia 
from Kakki reservoir in 1973# and the estimated



expenditure wee Rs. 2,700/he. In Ceylon drag-netting 
of salvinie was adopted on thousands of hectares of 
water during a "salvinia week", but the area was 
Infested with salvinia in a few months (Robson. 1976). 
These methods are very slow, tins consuming end also 
not suitable for very large areas.

The method now practised in kuttanadu area 
consists of draining the paddy field, collection of 
salvinia into hoar* and then dragging them on coconut 
leaves to the border bunda (sankaranaerayan# 1981)• 
he also pointed out that the minimum cost for manual 
removal just by pushing the material during the low 
tide to the adjoining canal, which provides only 
partial control, was about Rs* 500/ha* The costs for 
collection and disposal of salvinia at a reasonable 
lead distance varies from Re. 900 to Rs. 2.700/ha,

2.4.3,2 Mechanical harvesters

Machines that either cut the submerged weeds or 
pick up floating wedds and transport them simultane
ously to the shore are called aquatic weed harvesters, 
A harvester nay be either mobile or shore based. The 
mobile harvesters are launched on sturdy boats or 
floating platform* They move In weter and pick up 
weeds and throw them on to the shore.



Weed cutting machines manufactured abroad have 
been tried in Kerala# but without much success* These 
machines ©re generally made for submerged weeds and 
they only cut the qpper portion of the weeds leaving 
behind 40-50%. which regenerate very fast*

under the initiative of the Government of 
Kerala# cook and Gut (1971) Professor© at ths University 
of Zurich made a study of the weed problem* in Kerala* 
They’ have reported that chemical control is not advisable 
owing to possible pollution of water and consequent 
danger to human life. The report while endorsing the 
proposal r-ede earlier by sirftnonds of Commonwealth 
Institute' of lioioglcel Control# Trinidad eeys that 
trials of biological control of weeds may be attempted.
It was further suggested that "it is perhaps worth 
considering tie development of a suitable salvinia 
removing machine" as an approach to aquatic weed 
control.

Samuel (1972) formulated some concerts for 
mechanic 1 devices which could utilise manual and 
mechanic* 1 power to suit different habitats of weeds.
The Central institute of Fisheries Technology# Cochin 
has developed one machine for the removal of aquatic 
weede (Velu# 1976). This machine is claimed capable 
of clearing weed infested area at the rate of 1.5 to 
2.0 hc/dey of eight hours et e rate of Re. 150 to 
bs.200/he. The estimated cost of the machine



including the engine vae Re. 84# 000/- (Kalmal# 1976).
But the equipment has not yet been brought into public 
use for went of further modification to handle speci
fically the salvinia weed* A local innovator# near 
Kottayam# developed a machine in 1977# which ensisted 
of an engine operated conveyor ayatem mounted on a 
platform supported by two country boats* Due to the 
very low speed attainable by the harvester when 
pushing a large conveyor through the water# the 
tendency of tim weed materials is to flow away from the 
pick up point and this development programme is also 
now suspended*

Samuel rod Jacob (1977) proposed a novel fluidl- 
sation technique for harvesting the salvinia weed# 
based on the principle of a high capacity water jet 
device originally developed by Samuel in 1972 to 
improve the discharge capacity of the convent!oral 
irrigation pumpsets* They suggested that a portable 
pumpset can be used as s prlmsmover to produce the 
primary flow which will induce the weed to move through 
an ejector system into the collection tank* Based on 
the above design concept# the Department of Agricultural 
Engineering# Kerala Agricultural University, Vellanlkkara 
successfully developed one prototype salvinia Harvesting 
Machine (Sankarenarayanan# 1981),



Later Chandranohan (1984) developed e email ecale 
dredging unit for the collection of sand using the 
above fluidiaatlon technique* It hss got a collection 
cci; acity of four tonnes of dry sand per hour*

2*4*4 The kau salvinia Harvester

The four major components of this (machine are,

a) a twin pontooned floating platform on which
the harvester is mounted

b) An engine driven hi#* heed pumpset which
serves as the prlmemover for the ejector 
system

c) a high capacity jet device Which multiplies
the purp discharge by about four times* The 
secondary flow generated toy the Jet device suck 
the salvinia from water*

d) A floating container placed at the delivery
side of the ejector system collects the weed*

Figure 3* shows the schematic represent®tion of 
salvinia Harvester developed in kau* In this machine# 
the delivery ot the pwspset is connected to a jet# 
positioned near the venturi shaped throat of the ejector 
system* High velocity of the water discharged through 
the jet creates a partial vacuum inside the throet*
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This causes water to be sucked in through the inlet 
of the ejector system# located just below the water 
surface* Along with the water# salvinia passes 
around the jet to the delivery side of the ejector 
system* During this process weed does not pass through 
any moving part. The delivery is connected to a 
floating container, water from this container is 
drained off by gravity and the weeds are collected 
in it* The capacity of this machine was found to be 
about 16 tonnes per hour and the estimate-: cost of 
©: oration amounted to .... 28 C/ ha (Sankarasarayanan# 
i m ) .

2*4*4*1 Ejector systems

Ejector system* which is the main part of the 
talvinia Harvester# consists of a jet device# having 
a jet inlet fitted into a suction chamber# a throat 
portion and a diffuser* Figure 4. shows the ejector 
system used by Samuel (1972) to improve the discharge 
capacity of convent!oral irrigation pumpsets. He has 
studied the influences of area ratios* throat entry 
profile# nossle spacing# throat length ..nc diffuser 
angle* on the performance of the ejector system** Some 
of his findings are listed below*-

i) The maxir.uni efficiency was obtained with a 
throat entry profile of 90* at almost zero 
nozzle spacing*



FIG A. DETAILS OF EJECTOR SYSTEM (Samuel, 1972)
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11) For any given area ratio (area of the nozzle 
to the area of the throat), the throat entry 
profile difference affected only to a lesser 
degree then the location of the nossle required 
te achieve maximum efficiency*

ill) deduction of the throat length frot 7 to 5
tires diameter had caused the- beet efficiency
point to remain relatively const - r,t when the 
nereis spacing varied item. aero to one throat 
Olanetor*

iv) a 5* diffuser angle gave traxitmr efficiency 
than 7*5® diffuser*

v) 7he ksxIhut efficiencies for e?cr -'tea ratio
(C.S25, 0*063, 0.043, 0.036, and 0*028) were
obtained in a configuration hr'Ving a throat 
lengtl- of 7 tires diameters, a diir'user angle 
Oi fP tnd i-t aero neizle s; eclng for a throat 
entry included angle of “"'**

vi) For the lowest area ratio o£ 0,02b, the maximum
efficiency of 24*96 per cent was achieved at
a capacity retio (total flow to primary flow) 
of 7..: 2, This pump had . throat length of 7 
timer diameters, a 5* diffuser and a throat 
entry angle of 90* at zero ncz-le spacing*



vii) in the highest area rtio of 0*125, the
maximum efficiency was 40 per cent* This 
difference in ; erformance was attributed 
to the low throat entry angle and the high 
diffuser included angle used in the 
particular configuration*

Considering all the above points and keeping the 
primary flow straight, an ejector system was developed 
In KAU (sarikaranacayanan, 1981), The details of this 
ejector are given in rig.S*

For the prototype Salvinia Harvesting Kachlne, 
the ejector system was designed to suit the two 5 hp 
pumpsets which were connected in series* The dimensions 
of this prototype ejector system are at shown in Fig*6*

In the initial ejector system-, ■: straight line 
direction was given to the primary flow and in the 
prototype a 99* flow pattern was given. In the prototyiv 
dalvinic Harvesting Machine a circular mouth (an elbow) 
wet need a the fee.ing mouth* It wet suggested that 
the effect of the change of direction of the primary 
flow ,c well as the secondary flow and the effect of 
making the mouth other then the circular one, on the 
collection c-acity hue to be studied in detail*



Primary flow ->• Total flow

Scale 1 '• 5 

All dimensions in mm

FlG.S. INITIAL EJECTOR SYSTEM
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FIG.6 . PROTOTYPE EJECTOR (EQ



MATERIALS AHD METHODS

This Chapter deal* with tha mathods and materials 
asployed for tha invastlgatlona. These ere arranged in 
the following sub-headings*

1. Objectives
2. Preliminaries
3. Ejector system
4. Fabrication works and
5. Experimental programme

3*1 Objectives

The main objective of this study was to design 
and develop a high capacity ejector system and matching 
feeding month for tha already developed Salvinia 
Harvester by the Kerala Agricultural university. The 
specific objectives wars

1) to design a high capacity ejector system for 
the salvinia Harvester developed by kau

2) to modify tha feeding mouth sod feeding 
machanlam for the collection of Salvinia 
moleeta

3) to conduct preliminary investigations on 
additional approaches to improve mechanical 
control of the floating type aquatic weed. 
Salvinia moleeta



3*2 Preliminaries

The main ports of the salvinia Harvester are
i) Prime mover and punpeet
11) Ejector system
ill) Feeding mouth
iv) Fleeting platform
V) Floating fence

The prime mover* pimps and the floating platform 
used for the sand dredging equipment were in good 
condition and those were used for the present study 
also* The details of prime mover* pimps end floating 
platform are given in Appandlx-I .

3*3 Ejector system

3*3*1 Theoretical consideration

The ejector system operates on the principle of 
transfer of energy and momentum from primary to 
secondary fluid through a process of turbulent nixing* 
a schematic representation of an ejector system is 
shown in Fig* 7* The primary fluid# which has a high 
pressure* is accelerated to a high velocity fluid by 
means of the nossle* The secondary fluid is entrained 
by and mixed with the primary fluid in the constant 
diameter throat section* The mixed fluids then pees



through a diffuser in which a portion of the velocity 
head la converted to pressure head. Figure 8. shows 
the mixing velocity profile in the ejector system.

According to Gorlina end O’Brien (1834) the 
characteristics of an ejector system can he repre
sented by three ratios* The ratios ere the nossle-
throat area ratio# R • r* # secondary to primary flow

o t P5 *P2
ratio# R ■ #  i and pressura ratio# 8 • #

Si p1“*5

where

A„ e» Area of the noesle
\ - Area of the throat
u. • secondary flow discharge

- Primary flew discharge
H - Pressure at the nossle
“a - suction pressure
P5 m Delivery pressure at exit

The conventional form expression for efficiency 
based on the concept of useful work done as Qe (H^-Ha) 
and input energy expended as Qq (h^-h^)# is

G (Hd-4i )
^  *  Q t T % Z TW  #

where
Hd - Delivery head 
Hfl - suction head 
Hp - Head at nossle



GLs

FIG. 7. Schematic representation of ejector system

uniform high velocity core-region

primary fluid

secondary fluid

mixing region

FIG,8- Mixing velocity profile in an ejector system



The efficiency esn also be represented ae

y * M X U

Silvester (i960) pointed out that whan the primary 
and secondary liquids are drawn from the seme source, 
the useful work consists of both qq and being

pump then has only to supply a head of (Hp - Hg) to ŷ , 
which results in the efficiency ratio

H* and N* are termed ee capacity ratio and heed 
ratio in ordar to distinguish from M and N.

In designing an ejector system for a particular 
application, the most critical feature is to consider 
the area ratio. It also serves ae a type of criterion 
in the same maimer as specific speed does for a centri
fugal pump, An accepted procedure for the design of an

elevated through a head of (ML - Hfl), The centrifugal

Qm ♦ U H - - H.
*

rf m (1+K) X ujjy

V  « M* x N* (2)
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ejector system for any application wee described by 
stepanoff (1964)• Zn this method, the flow phenomenon 
is related to physical parameters of the ejector by 
equating the momentun of the driving fluid to the 
discharge fluid, which consists of both the driving 
and driven fluids. Assuming no pressure change 
within the throat the relation la

f  -nvn • / (Bn + Q.> vt «»
whera

/ - the density
VQ - the velocity through the nosale and
Vt - the velocity at the throat exit

A
Since R » r“ , by applying continuity equation it can 

t
be shown that

rc • - 1 (4)
/ r  l4 J

Thus for a required flow ratio Eqn.4 defines the 
particular area ratio to be used.

since analytical methods have not been suffici
ently developed to predict head ratio, stepenoff (1964) 
developed an equation considering the efficiency values 
obtained by general research workers and it showed that

H * 1.5 m (5)
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would mMt the desired criteria satisfactorily,
since '■ ■ K * K this in turn provided the
esnperleal equation for efficiency as

**1 “ 1»5R - 1) (6)/ r

Thus for conventional application ot the ejector 
system the set of equations 4* 5 and 6 could be used 
as design equations, all of which are reelated only to 
R# the Independent parameter* as shown in Fig,9,

These equations can he rearranged in terms of the 
flow ratio to give

R - (1 ♦ »M)*2 (7)

N « 1*5 (1 ♦ M)~2 (8)

\ » 1.5 H (1 ♦ M)~2 (9)

which are shown graphically in Fig.10.

For use in low lift puoplng application these 
equations were modified in accordance with £qn*2. This 
led to the following set of squations

H* * (10)
t/r

»♦ ■ 1.3 R (i ♦ 1*5 R)"1 (11)

- 1.5 / T  (i ♦ 1,5 JO*1 (12)

r • k* "2 (13)
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FIG.9. Design relationships for conventional ejector applications (Samuel, 1975)

FIG.1Q. Design relationships of ejector system for various flow ratios
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** - 1.5 K*~2(l ♦ 1.8 (14)

rf *1.5 ♦ 1.8 M*~2)~X (15)

These relations ere shown graphically in Pig.11 
and Fig. 12.

Xt nay be seen from the graphs that when we use 
a centrifugal ejector system combination, the efficiency 
will be higher in low lift applications than the conven
tional applications.

3*3.2 Design procedure

The prototype ejector system developed by 
snnkaranarayanan (1961) was deeigned to notch two 5 hp 
pumpsets which were connected in series. Me designed 
the ejector system of the following specifications.

Suction head (H#) * 1.5 m
Delivery head (Ĥ ) • 2.5 m
Head at nossle (Ĥ ) - 40 m
Discharge y m 500 Iptri at 40 m head
Diameter of the nossle (D_)» 20 mmXI
Head ratio (H) • 0.10?
Nossle throat area ratio (6)* 0.0713 
Flow ratio (K) • 2.65
Diameter of throat (D̂ ) * 75 mm



Capacity 
ratio, M

Efficiency,!-)*’/. Head ratio, N*

FIG.11. Design relationships for low lift apptiications in terms of area ratio
(SamuGl 1975)
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Capacity ratio 9 M*

FlG,12.Design relationships for low lift applications in terms 

of capacity ratio (Samuel, 1975 )
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Even though the preliminary investigations were 
carried out by the punpsets used by sankaranarayanan, 
main observations were carried out on a high ~ ressure 
single stage centrifugal pump operated with an 6 hp 
diesel engine* From the laboratory experii ents 
conducted, the design discharge was chosen to be 
400 1pm at 40 in head* From this the nossle di are ter 
(dr) is calculated as follows

un ’ °d * An * vn
where

$»n - discharge through the nossle
Cd - the coefficient of discharge
aq * the area of the nossle, and
VR - the velocity of flow through the nossle

vn

An
w_  &-■

cd > ^

substituting the values for QR# g# ftR and assuming 

Cd • 0.95
A_ -  m .  a. m ,  * m _________
n 0*95 x 1000 x 100 x |/r* ^*81 x 46

* 2*505 cm2
A . T'n X ®
D .l/ joI I  . >■»» « *n tt tr

* 1*785 an (selected a diameter of 16 am)
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The main characteristic* of the ejector system 
can now be determined as follows;

Assuming suction heed equal to 1*5 r to 
Include entrance# sudden expansion and friction losses 
and delivery head (Ĥ ) squal to 2.5 m to include 
velocity and friction head losses.

H - - Hd i

m 0*096

0*096 (1 + 1.5 R) - 1.5 R
0*096 ♦ 0*144 R - 1.5 R
0*096 e 1*356 R

* 0*0709
esJkn* m \mmm

• 3.76
2

since R
" ~t



• i8 x

» 57*6 m  (salacted a diameter of 70 mm)

Tha remaining dimensions of the ejector system 
were found out toy the relatione developed toy Samuel 
(1975).

Throat length * 5 Dt • 5 x 70 ■ 350 mm
Nossle spacing » 0*75 Dt • 0*75 x 70 * 52*5 mm
Throat entry profile ■ §0*
Diffuser angle * 7*

The eiqpeeted efficiency of the ejector was found 
from the eqn.2

TJ* *  H * X  » *

• 37*6 x 0*95 x 100
- 38*

3*4 Fabrication works

3.4.1 Ejector system

The nossle was fabricated with 10 gauge sheet 
metal. The cone angle wes taken ea 16* and tha nosale 
length was calculated as 11*4 cm Inordsr to weld it to 
e piece of standard 50 ran 01 pips. A 50 mm OX coupling 
was prcvidad on tha suction chamber to which tha nossla

Dt



was fitted. The pipe of tha nosale aseestoly was 
externally threaded to a length of 50 set which enabled 
the adjustment of the nossle throat spacing, while 
conducting preliminary investigations with the 
prototype ejector, it was noticed that clogging of the 
weeds Inside the ejector, was a serious problem, in 
order to avoid clogging inside the ejector system and 
to study the effects of direction changes in primary 
and secondary flows, three different ejectors were 
fabricated with the above designed values (Plate 1) •
The directions of the primary flow ae well as 
secondary flows were changed in these ejectors as 
shown in Pig. 13. Fig. 14 and Fig. 15.

In the ejector (Eg). the primary flow was made 
straight and a direction change of about 40* was 
given to the secondary flow by using a portion of a 
10 cm diameter 90° elbow as tha suction chamber. 
Suitable attachments were welded so that It could be 
fixed to the throat and diffuser used for the earlier 
experiments.

Ejector (Eg) was also fabricated with the primary 
flow straight and a change of direction of about 20s 
was given to the secondary flow with the help of a 
portion of 10 cm diameter 90* bend.





Y*S t j t e t o r  (S4 ) * •«  f l b l l f i t o d  W ith 1 6  gauge

i .s.sheet with the secondary flew straight and a 30” 
change of direction to the primary flow. The ejector 
suction and discharge pipe slse were chosen as 10 cm 
for convenience in handling and fitting of pipe 
connections. The suction line was extended by means 
of flexible pipe to the front portion where the mouth 
was to be fitted,

3.4.2 Feeding mouth

in the previous experiment* of prototype salvinia 
Harvester, e 10 cm diameter Cl elbow was used as the
feeding mouth, in older to get control over the 
feeding mouth, a new rectangular shapsd mouth with two 
adjustable flaps was fabricated. The prevision of 
adjustable flaps enabled the adjustment* in mouth 
opening. The test results with the rectangular feeding 
mouth showed that the optimum sloe would be 30 cm x 7*5 cm, 
Hence an elliptical feeding mouth having major axis 30 cm 
and minor axis 7.5 cm was also fabricated. The details 
of these feeding mouths are shown in Fig, 16 and also In 
Plate 12,

3.4.3 Floating fence

For the collection of the harvested weeds, a 
floating fence of else 150 x ISO xl2C cm was fabricated 
and its floatation was given by six air tight





*

Circular mouth (Mj)

FIG 16. D IFFERENT FEEDING MOUTHS



Pint* I. Ejectors K̂ I s3# «3 and *4

Platm il. Itading eoothi Mj, «2 and Kj
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pd^Di|l«M drum of N  1 capftdty. the total valgbt 
of the floating fame «a« SO kg, (Fig,17). welded 
mash (20 a* x 36 Mai m m  moO to oower tha aidaa and 
provision waa also ante to open ana aid# for tha easy 
tweval of haivaotal saivinis froo tha floating fence, 
Thia floating tcsea waa fouod essential for collecting 
tha harvested saivinis, whan tha unit waa operated aa 
a aalf propelled one*

3,5 Experimental programme

3,5,1 laboratory tasting

Laboratory testing of tha pump**** ware conducted 
to determine tha capacity ratioa with water alone, tha 
performance of the two S hp pumpsets connected in series 
and tha single 8 hp punpaet ware tasted at tha 
Agricultural Engineering Research workshop, rannuthy 
(Plata 111), the pumpsat* were fitted on tha available 
platform and operated to pwap water from the tank into 
a 200 1 capacity m *s * barrel and time for filling waa 
noted* All the ejector system (ŝ , e2, s} and ŝ l ware 
tested for the primary flow rata as wall aa tha 
secondary flow rata, inorder to find out the capacity 
ratioa*



»

Weld mesh 

- 20«20

polyethylene drums

Scale -1: 20

Alt dimensions are 

n m m -

FIG. 17, FLOATING FENCE (an isometric view)



3.5,2 Field tMtiag

3.5.2.1 miirtmyy w pertwati

Preliminary iBWiliqitleoi of th« salvlnla 
Harvester were made with the prototype ejector 
Hie floating platform available at the Engineering 
Research workshop# Menmtity was weed for giving 
adequate flotation and as a base for fixing the ejector 
system as well as the pampsets* Its floatation was 
tasted st s local pond near Ollukkaxa panehayet Office# 
Mannuthy.

3.5.2.2 rain experimental progresses

Hie main experimental programme of the field 
testing of the salvlnie Harvester were conducted in 
the Kole lands of Trlchur District, Hie field testing 
were conducted In two etages at two different locatlone 
of Kole lands# namely Nanthikkara mod Pudukkedu.
Plate IV shows the test field at Kanthikkera# heavily 
Infested with salvinia#

His series of experiments conducted at 
Ranthlkkara (32 km from Vallanlkkara) during the firat 
stage of testing Included the investigations on



Plate tit Laboratory testing of a jo e te r  system

Plate IV* salvinia laCwtca test fialf at Kanthlklcara





1 . spread density
2* Bulk tensity
3, Root ratio
4* Harvesting of nltela into a 200 1 capacity

barrsl
5* Harvesting of salvtnia into a visa oat fixed

on tha shore and 
§• Harvesting of salvinia into tha floating fance*

first stags of testingi

Test Ho*i i Spread density

Spread density as defined in Chapter*!! refers
the w eight of

t©Aiir»sdietaly harvested drip dry salvinia per unit 
area. Hie weed wiihin one sq* st« ««« endrcnled by 
means a coir tiad around polos fixed at one mtxm apart 
and it was collected manually in a perforated trough* 
The weeds were collected from five different locations 
and vtigNd to give the spread density values*

Test no*2 t Bulk density

Two eats of hoik density mMStirements were mode 
in this teat; 1. bulk density before harvesting and 
2* bulk density after harvesting with tha machine*
To do this* e cage of sise 0*9 m x 0*9 » x 1 m was 
fabricated using angle irons for tease and the sides 
and bottom were closed with welted mesh* The salvinia



42

v«« filled in it and its tnisjht v m  noted eft* r the 
water drained off* Thie experiment wee alao repeated 
for five different locations in order to get the 
average value*

Teat no*3 « Root ratio

Root ratio ie defined aa the ratio of the weight 
of submerged leaver (roota) to the total weight of 
weed# after water drained off by gravity* According 
to different growth phaaee* the root length aa well aa 
the root ratio will be varying and hence for different 
root lengths the root retloa mure determined* the 
root ratios were expressed in percentage* Plate v and 
VI show the difference in root lengths in diffarant 
growth phases*

Teat Ho*4 i Harvesting of selvinia into a 200 1 
capacity M*s* barrel

The hervaatod weed along with water was collected 
in the barrel to get aa idea of the harvesting capacity 
of the diffarant ejector systems fabricated (£̂ » Eg and 
Eg) and the affect of feeding (sooths Mg and Mg* The 
harvesting capacity of the following combinations of 
ejector systems and (sooths ware tested.



Plava v* Salvinia in tea initial stage* of first growth phase (root length ^ 20 cm)

Plate vi. salvinia in the initial stages of third growth phasa (soot length >  00 cm)
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1# *1 -«l
2# Ei - Ma
I* *2 * H
4# *2-*2
5. *j - Mt
6# * i - Ka

These combinations were alee tested under different 
depths of feeding south M o w  th* vtlsc surface. Each 
experiment was repeated five times to get the average 
harvesting capacity.

Test Ho#5 s Harvesting of salvlnla Into a wire net
fixed on the shore

In order to ascertain the continuous operation 
of the harvester# salvlnla was pisaped into a wire net 
fixed on the shore, with all the cosfeisiations tried 
in the previous test#

Test Ho# 6 • Harvesting of salvlnla into the floating 
fence

The delivery of the ejector system was plsesd 
inside the floating fence through a hole made at the 
front aide of the floating fence and this enabled the 
punping of salvlnla directly into the floating fence.

x



observation* vara also carried out to find the capacity 
of floating fane* and the weight of weede vai noted when 
the floating fence aaa about to a Ink* All the different 
combinations were again tooted to find out tho harvesting 
capacity at a static haad of about 40 cm* Field 
operation of salvinia Harvester is shown in Plates viz 
and viii.

second stage of testing*

The second stags of testing was conducted at 
Pudukkadu (28 km from Vellanikkara) in an isolated pond. 
The properties of salvinia like spread density, bulk 
density end root ratio were also found for this area.
The ejector and the feeding mouth My fabricated 
after the first stage testing were subjected to test 
during this stage* The costoinetions & My & My 
e4 & My Sj & My %*2 Ci itj and b3 b «3 were tested as 
in the test Mo* 4# i sad • of the first stage.

The results obtained are tabulated and discuasad 
in detail, in the nest chapter,



Plate vzs« salvinia Harvester la the field

Piet* viii, salviaia being peeped late the floatingfence
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RESULTS AHD DXSCUSSXQK

Tha results of laboratory studies as nail aa tha 
field tasta of tha Salvinia Harvester in too stages ara 
discussed separately la thia chap tat.

4.1 Laboratory taata

4.1.1 Head-discharge relationship of pumpaat

Tha raauita of tha laboratory taata conducted 
with tha 6 hp high praaaure pumpaet ara given in 
Tabla S and it ia graphically praeented in Fig. 18.
From tha taat raauita tha daaign diaeharga was chosen 
aa 400 1pm at tha raquired nosala heed of 40 m.

4.1.2 Testing of ajaetor systems

Tha raauita of laboratory taata to fintfout tha 
capacity ration of various ajaetor ayatama (e^# Kj. r3 
6 Ê )# ara gtvat in Tafelas 6 to 9. The ajaetor 
was daaigned and taatad for too S hp pumpsets connected 
in aariaa whereas tha other ejactora ware designed and 
tented for the 8 hp high preaeure pumpaet.

Xt may be seen from tha tablea that the eapeelty 
ratio for ajaetor ia 3.76 where the primary flow 
waa given a change in direction of 90*# and for tha 
other ejectors namely EJ# and the values ara 
3.62# 4.03 and 3.75 respectively. Among tha two



Table 5. Performance of 8 tip high pressure ptapaet

si.
so.

___ flBffitaLftwifl.— ....BlUiStt..teasL-_ woantlty Average Discharge
caa of Hg B Of

Water
v_/__2 a of * w ®  wafer of water 

collected 
Cl)

takao
!•)

Ipa lpo

1* 4.0 0.544 1.0 10.0 200 25.30 7.9 474

2* 4*0 0.544 2.0 20.0 200 25.53 7.8 44tfiW O

3. 3.5 0.476 3.0 30.0 200 24.90 7.4 444

4. 4.0 0.544 4.0 40.0 200 29.00 6.9 414

5. 5.0 0*480 5.0 50.0 200 44.90 4.8 267

CD
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table 6. capacity ratio of eaoblnatlott, at tic lift of one metre

S i  < 
HO*

Primary flow
Quantity ^

treasure
C S C  a s .0UlQCv6CI

(1) (a)

total flow
IgOgfEY q^fff£9agSCT capacityQuantity Tim* ... _ ratioDiecbarge of water collected 

(lpe) (1)
Time
taken
(a)

Diacbarge
Clpa)

S.0 200 25.5 7.84 200 6.6 30.30 3.86

2. 5.0 200 25.1 7.97 200 6.8 29.41 3.69

3. 5.0 200 25.2 7.94 200 6.7 29.85 3.76

4. 5.0 200 25.3 7.91 200 6.8 29.41 3.72

S. 5.0 200 25.2 7.94 200 6.7 29.85 3.76

Average 7.92 29.76 3.76



Table 7 Capacity ratio of Ej - eontol nation, static lift of one rretre

SI.
BO.

pressure
developed
(ky fewi2 )

wuantity 
of water 
collected

(1)

Primary flow Total flow 
(Primary ♦ secondary) Capacity

ratio
Time taken 

(s)
Discharge

Cl)
Time taken 

Cs)
Discharge

(1)

1 4.1 200 26 .5 7.55 7.5 26.67 3.53

2 4.0 200 26.8 7.46 7.2 27.718 3.72

3 4.0 200 27.6 7.25 7.6 26.32 3.63

4 4.1 200 26.7 7.49 7.5 26.67 3.56

5 4.0 200 27.1 7.38 7.4 27.03 3.66

Average 7.43 2(5.89 3.62



Table 8 Capacity ratio of cofzbinetion, static lift of one metre

si*
KO.

Pressure
developed
kg/c®2

quantity 
of water
collected

(1)

TOtal flow i'-rrnery xxom {primary ♦ Secondary) Capacity
ratioTime taken 

Cs)
Discharge

Cl)
Time taken 

<•>
Discharge

Cl)

1 4*0 200 26.5 7.55 6.4 31.25 4.14

2 4*0 200 26*6 7.52 7.0 28.57 3.80

3 4*0 200 26*5 7.55 6.6 30.30 4.01

4 4*1 200 26*0 7.43 6.5 30.77 4.14

5 4*0 200 26*7 7.49 6.6 30.30 4.05

Average 7.51 30.24 4.03



Table 9 Capacity ratio ot • Kj cootoination, static lift of one cetn

Si.
No.

Pressure
developed
kg/cm5

Quantity 
of water 
collected

(1)

Primary flow Total flow Capacity
ratioTime taken 

(•)
Discharge

(1)
Time taken 

(e)
Discharge

(1)

1 4.0 200 30.5 6.56 7.8 25.64 3.91

2 4.1 200 31.0 6.45 8.0 25.00 3.88

3 4.1 200 29.© 6.71 @•3 24.10 3.59

4 4.0 mo 30.2 6.62 8.3 24.10 3.64

S 4.0 200 30.4 6.5© 8.1 24.69 3.75

Average 6.58 24.71 3.75
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ejectors S2 and e3 with primary flow straight ana 
secondary flow inclined the ejector 13 which was given 
lees change of direction to the secondary flow yielded 
a better capacity ratio of 4*03 than the other ejector 
e2 with a value of 3*62. These results showed that 
ths change of direction of the primary as well as the 
secondary flow has got direct Influence in the capacity 
ratio* when the change of direction of the primary 
flow increases* the capacity ratio decreases* similar 
is the case with the change of direction of the 
secondary flow also*

4*2 first stage Held testa

4*2*1 Properties of salvinia

4*2*1*1 Spread density

The spread density values obtained 
during the first stage field experiments 
Table 10*

Table 10* Spread density of salvinia in an Isolated 
pood at Saodilkktfi

Trial ho*
Ares
covered
(m2)

" • a S E T i * .salvinia
Spread
density
(ko/b2)

1* 1*0 59*0 59*0
2* 1*0 62*5 62*5
3* 1*0 56*5 56*5
4* 1*0 60*5 60*5
S* 1*0 63*0 63*0

Average 60*3

at ̂ anthikkere 
are given in



This shows that the average spread density seises 
were around 60 kg/te3, which was higher than tha value 
of 16 kg/to2 (160 t/Ha) reported toy Sahkaranarayanen 
(1981)* The higher values are due to the change in the 
growth phaee as well as the increased root length. The 
isolated pood at Nanthikkara was heavily infested with 
salvinia in the third growth phase which had root 
length even up to 80 QB«

4.2.1.2 Bulk density

The bulk density values of the floating salvinia 
and harvested salvinia were found. The bulk density 
values after harvesting would be important for 
calculating the coat of transport of the harvested 
salvinia. The values obtained ere listed in Table 11 
and Table 12.

Average bulk density value of the floating weed 
wes 370 kg/ta3 and this was in agreement with the 
values obtained previously by sankersnarayanan (1981). 
This indicated that (he changes in the growth phase 
would not have much effect on bulk density. The bulk 
density of harvested salvinie wes found to be about 
330 kg/fat3. The reduction in weight could be 
attributed to the reracwel of some amount of water from 
salvinie while it pas m m  through the suction chamber.



Table 11. Bulk density of the floating salvinia
(voluM of tha cage la 0*129 ar and 
weight of cage la 10*9 kg)

si*
BO*

Weight Of 
Cage ♦ salvinia 

(kg)
weight of 
aalvliila 

(kg)
Bulk density 

(kg/m*)

1* 58*0 47*9 380
2* 94*9 44*0 392
3* 96*9 46*0 368
4* 98*9 48*0 384
S. 96*0 49*9

Average

364

370

Table 12. Bulk density of harvested salvinie 
(volume of the cage la 0*29 ar and 
weight of the cage la 10*9 kg)

si.
so*

height of 
Cage ♦ Salvinia 

(kg)
weight of 
ealvinla 

(kg)
Bulk density 

(kg/m3)

1* 96*0 85*9 342
2, 91*0 80*9 322
3« 92*5 82*0 328
4* 93*9 83*0 332
5* 88*0 77*8 310

AVMlfC 330



4«2«i«3 Boot ratio

The data relating to the measurerrenta of root 
length aa well aa root ratio* under different growth 
phases, ere presented in Table 13* The values showed 
that the weight of the salvinia weed in second end 
third growth phene is mostly the weight of roots 
(actually the submerged leaves}* The wslght of roots 
in most cases contributed more then three-fourth of 
the total weight of the weed in the third phase of 
growth* The relation between root length and root 
ratio is presented graphically in Fig* 19 and it 
gives that as the root length increases the root 
ratio also increases* The significance of root ratio 
and root length in the harvesting capacity is discussed 
in the subsequent sections of this chapter*

4*2*2 Harvesting of salvinia into a 200 1 capacity 
barrsl

4.2.2*1 Ij • Kj combination

The results obtained when *3 - combination 
was tested under different depths of fseding mouth 
below the water surface are given in Table 14* From 
the visual observations itself# It was found that no 
wesd was sucked in* when the feeding mouth was kept 
at less than cur equal to 4 cm below the water surface*



Table 13, Ratio ratio of salvinia under different 
growth phaeee

Growth 
phase with 
root 
length

61.
Ho.

Weight
of
■ s r

weight
of
leaves
(g)

weight
of
root
(9)

Root
ratio
(*)

Average
root
ratio

<*>

1 370 220 ISO 40*5
First
growth
phase

2 420 220 200 47,6 46.0

( <  20 cm) 3 460 240 246 50.0

Initial 
stage of 1 460 12$ 355 74.0
Second
growth
phase

2 33S 11$ 220 65.7 69.0

(20-40 cm) 3 423 13S 290 68.2

Later 
stage of 1 470 130 340 72.3
seoond
growth
phase

2 550 130 420 76.4 76.0

(40-40 cm) 3 380 60 300 78.9

initial 
stage of 1 $80 100 480 @2.7
Third
growth
phase

2 $10 60 450 86.2 83.0

( > 60 cm) 3 390 60 270 77.1
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Table 14* Harvesting capacity of - tt. combination
under different depths of feeding mouth

bmptk of 
mouth belov 
eater 
surface (cm)

Si.
HO.

Tima
taken
(si

Salvinia
collected

(*cr) _

Harve
sting
capacity
(t/hr)

Average
harve
sting
capacity(t/hr)

1 10.2 22.0 7.76
2 »•* 19.0 6.98

6 9 10.4 21.0 7.27 7.26
4 io.e 22.0 7.33
5 9.6 18.3 6.94
1 9.6 26.0 10.30
2 9.9 30.0 10.91

8 3 9.8 28.5 9.73 10.40
4 9.4 29.0 11.11
5 9.6 26.0 9.75
1 9.1 25.0 9.69
2 7.1 22.5 11.41

10 3 9.3 26.5 10.26 10.62
4 8.0 24.0 10.80
5 7.2 23.5 11.75
1 9.2 21.5 8.41
2 0.5 19.5 8.26

12 3 8.8 22.5 9.20 8.64
4 7.9 18.0 8.20
S 6.1 20.3 9.11
1 7.6 13.0 6.00
2 8.3 13.5 6.72

14 3 8.1 17.5 7.78 6.61
4 8.3 14.3 6.61
5 7.9 13.0 3.92
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fills Is dua to tlis low suction created at the mouth 
ana the prevention of free movement of weeds by the 
mouth edges. Hence observation* were mode only from 
6 cm depth onwards* «Im b  the mouth wes kept st 
depths of 8 cm end 10 on collection wes maximum and 
wes in the order of 10*40 t/hr and 10*82 t/hr* When 
the depth of mouth below water surface was further 
increased, the harvesting capacity was again found to 
decrease* This is due to the reduction in tha area 
Influenced by the suction as the depth of mouth 
increases. The trends in the harvesting capacity due 
to different depths of feeding mouth below water 
surface is presented in the graph given as Fig# 20*

Even though the earlier teat results by 
Sankaranareyanan (1981) allowed that the machine 
achieved a maximum harvesting capacity of 16 t/hr at 
Kuttanadu region* the present test with the same 
ejector and mouth gave only 10*82 t/hr at e static 
lift of 1 m. The reduction in harvesting capacity ia 
due to the ehange in growth phases of the salvinia 
along with the presence of long roots* Ths spread 
danslty values reported by sankaranareyanan <1981) st 
hia teat locality (Kuttanadu) was only 16 kg/m2, 
whsreas at the present locality (nanthikkara# Trlchur 
Kola lands) the value was 60 kg/to2. This Itself 
shows the variation of weed concentration in the two
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test localities. Regarding the atatlc lift condition 
16 t/hr waa achieved at almost sero lift oonditlon, 
while 10.82 t/hr wea obtain** at a atatlc lift of 
about one metre. Another important factor notice* during 
the teetlng of Ej • eonblaetlon was intermittent 
clogging of the weeds inside the ejector ay a tern, the 
clogging waa observed dua to tha presence of longer 
submerged leaves (roota) • the chance of clogging 
with such long roots la high in tha present conciliation. 
In the above teat# tha maximum tine operated without 
clogging or any other problem waa only 20 minutes* 
nance it is evident that the prototype Salvinia 
Harvester with • Kj combination cannot be used for 
effective harvesting of salvinia under all field 
conditions.

4.2.2.2. Ê  * 2 combination

Tables 15 to 20 give harvesting capacity values 
of «* Kg combination under different mouth openings
an* for various depths of feeding mouth below water
surface. The average capacities obtained with Ej - &2 
combination is represented in Tig. 21. The graph 
shows that the peak values are always attained at 
10 can depth of feeding mouth below the water surfece.

The width of the rectangular mouth waa kept at
7.5 cm and the length of mouth was adjusted from



Table 15. Harvesting eepacity of - «a cosfeinaticm
Cos a south opening IS m  x 7.5 cm* under
different depths

Depth of 
south

* 
•

3* n m
taken
(a)

salvinia
Collected

H«rve~
sting
capacity

Average
harve
sting
capacity

1 8*4 8.0 3.43
2 9.2 14.5 5.67

6 3 8.t 10.0 4.44 4.24
4 8.1 8.5 3*83
S 8.5 9.0 3.81
1 9*5 17.5 6.63
2 9*8 19.0 7*60

e 3 8*8 14.S 5.93 6.89
4 9*1 17. S 6.92
S 9.3 19.0 7.35
1 6.9 19.0 7.68

10.3 22.5 7.86
10 3 10*3 20.5 7.17 7.78

4 9.3 22*0 8.52
S 9.6 20*5 7.69
1 9.2 17*5 6.85
2 8.9 19*0 7.69

13 3 8.7 17*5 7.24 7.38
4 9,2 30*0 7.83
S 8*9 18*0 7.28
1 8.5 11*5 4.87
2 8.1 9*0 4.00

14 3 9.2 11*5 4.50 4.56
4 8.8 10*5 4.30
S 9.8 14.0 5.14



Table 16. Harvesting capacity of Ej - Ha ccwfcination
for e Booth opening 20 cat * 7.5 cm# under
different depths of mouth

Depth of 
mouth
(cm)___

SI.
HO.

Time
takan
(a)

Salvinie
collected

(ko)

Harve
sting
capacity
it/hr)

Average
harve
sting
capacity

1 9*1 13.0 5.14
2 8.8 11.5 4.70

6 3 9.6 16.0 6.00 5.28
4 8.4 U. 0 4.71
5 9.2 15.0 5.67
1 8.9 19.5 7.69
2 9.6 23.5 8.81

8 3 9*5 34.1 9.28 8.38
4 8.3 15.5 6.72
5 9.8 35.0 9.18
1 9.8 21.5 7.90
2 10.5 35.0 8.57

10 3 9.8 23.5 8.63 6.23
4 9.2 31.5 8.41
S 9.1 31.5 7.66
1 9.4 31.5 8.23
2 8*2 15*5 6.80

12 3 8.7 18.0 7.45 7.45
4 8.3 17.5 7.59
5 9.0 18.0 7.20
1 8 .2 11 .0 4.83
2 8.8 13.5 5.52

14 3 8.5 13.0 5.51 5.21
4 9.0 15.5 6.20
S 8 .1 9.0 4.00



Table 17* Harvesting capacity of £j - eoeibinaticn
for a south opening 21 m  * 7*5 en under
d i f i m t  depth* of south

Depth of 
south s

a
 

• 
* Tin*H i m

(a)

salvinia
collected

Harve
sting
capacity

Average
harve
sting
capacity

1 8.8 17*0 8*24
2 9*2 13*5 5.40

6 3 8*9 14.S 5*87 5.84
4 9*4 17,5 6*70
5 7*9 11*0 5*01
1 9*4 19*5 7.47
2 9*8 23*0 8*45

8 3 8*8 20. C 8 .18 8.33
4 10*0 25,0 9*00
S 9.7 23*0 8*54
1 10*2 25*0 8*82
2 9*8 25*5 9.37

10 3 9*4 23.0 8*81 @•91
4 10.0 24*5 8*82
5 9.5 23*0 8*72
1 8*8 19.0 7.77
2 9*2 21*5 8*41

12 3 8*9 19,0 7.89 7.98
4 9*4 21*5 8.23
5 9.0 19.5 7.80
1 8,8 18*5 6.75

8*1 14*9 6.44
14 3 8*8 18*5 6.91 6.61

4 8*2 18*9 7.02
5 7.9 13*0 5.92



Table ie* Hamitiag capacity of X| - Mj contains tion
tor a month opening 30 on x 7.5 cam under
different depth* of (south

Depth of 
mouth

S3*
KO.

Time
taken
\m*

aeleiniocollected
Harve
sting
capacity

Average
harve
sting
capacity

1 9*1 17.3 6.92
2 9.4 21.3 8.23

6 3 9*2 19.0 7.43 7.20
4 10.1 19.5 6.93
S 8*9 16.0 6.47
1 9.7 22.5 8.35
2 10.4 26.3 9.17

8 3 10.6 27.8 9.34 8.97
4 9.9 24.0 8.72

9.3 24.3 9.28
1 10.2 27.0 9.83
2 10,4 26.0 9.00

10 3 9.9 23.0 9.09 9.25
4 10.1 26.0 9.27
S 10.2 26.8 9.33
1 9.8 23.3 8.91
2 9.5 24.3 9.28

12 3 8.9 22.3 9*10 8. 80
4 9.2 21.8 8.41
3 9.3 21.8 8.32
1 8.1 14.8 6.44

8.8 13.0 6.38
14 3 0.9 18.0 7.28 6.60

4 0.5 16.5 6.99
S 6.8 14.3 5.93
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Tabic 19* Harvesting capacity of Ej - Kj combination
for a aowth opening 35 cm x 7.5 cm under
different depth* of smith

Depth of 
mouth
(cm)

Si.
HO.

Time
taken
<»)

Salvinia
collected

(ka)

Harve
sting
capacity
(t/hr)

Average
harve
sting
capacity
(t/hr)

1 10.0 20.5 7.38
2 10.4 18.0 6.23

6 3 9*8 18.0 8.61 8.62
4 10*3 19.5 6.82
5 10*7 21.0 7.07
1 9*9 21.5 7.82
2 10.8 25.5 @•50

8 3, 10.1 23.0 8.20 8.18
4 10.8 23.0 7.89
5 11.0 28.0 8.51
1 10.5 24.0 8.23
2 10.3 23.S 8.21

10 3 10.8 27.0 9.0 8.50
4 10.3 24.5 6,58
5 10.4 24.3 8*48
1 9.9 22.0 8.00
2 10.7 25.0 6.41

12 3 9.8 21,3 7.90 0.13
4 10.0 22.5 8.10
5 1C.5 24.0 8.23
1 8.2 12.3 5.49
2 9.1 15.0 5.93

14 3 8.7 14.5 8.00 5.84
4 8.3 12.0 5.20
5 9.3 17.0 €.56



Table 20. Hasvtflttag aiptdty of - «2 combination
for • aovOi opening 40 css it 7.5 err under
different depths of mouth

D«pth of 
mouth
(on)

81.
NO.

*Tf—*
token
(n) -

salvinie
collected

_ (ka)

Harve-
sting
capacity

Average
harve
sting
capacity
(t/hc)

1 i#*a 18. S €.17
2 10 .2 IS.O 5.29

6 3 9.8 13.0 4.78 5.38
4 11*2 18.5 5.98
5 10.3 13.8 4.72
1 10.7 17.0 5.72
2 U *2 18.0 5.14

8 3 10.8 14.5 4.83 5.40
4 10.8 17.8 5.83
5 11.8 18.0 8.49
1 11.3 22.0 7.01
2 10.8 23.8 7.83

10 3 10.3 2 1.0 7.34 7.16
4 20.7 20.0 6.73
S 11.0 2 1.0 6.87
1 10.4 2 1.0 7.27
2 10.1 18.0 6.42

12 3 10.3 21.8 7.81 7.00
4 5.7 18.8 6.87
5 9.8 18*8 6.94
1 9.9 13.0 4.73
2 9.1 10.8 4.15

14 3 8.9 9.5 3.84 4.32
4 9.2 11.0 4.30
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15 to 40 an with an lnersmantftl variation of 5 on. 
whan tha length of opening increased from 15 m  onwards, 
an increase in collodion of wood woo noticed and tha 
maximum was Obtained at a south opening of 30 cm* 
Thereafter the value gradually decreased. This happened 
for all the depths tried and could be due to the 
decrease in auction force per unit area ea the mouth 
opening area increased*

The data was subjected to analysis of variance 
(Table 21). The main effects of the depths of feeding 
mouth and the length of mouth opening as wall as their 
interaction were sign! (leant at 5% level* Considering 
the over all performance* the mouth length of 30 cm was 
found superior to all other lengths tested* similarly 
10 as depth for feeding mouth wee superior to all the 
other depths considered* Though the interaction was 
significant* 30 cm south length was either most 
superior or one among the superior lengths for every 
depths* Similarly 10 cm depth for feeding mouth was 
either moet superior or one among the superior depths 
for every lengths of mouth opening*

It was thus found for e rectangular feeding 
mouth of 7*5 cm width of opening* optimum length of 
mouth was 30 cm. At this optimum value of 30 cm x 7*5 as 
mouth area* a maximum harvesting capacity of 9*25 t/hr



Table 2U Analysis of varlsac*
SOUXC0 DJF. Sob* of squares Kean sum of squares F

Length 5 97.300 19*460 66.154*
Depth 4 193*630 48.456 164.729*
Length x depth 20 24*424 1.221 4.510*
>grror 120 34*300 0.294

Total 149 350.854
* significant at IX 1 m l C.V. • 7.721

m m  of two-way table

..I....__.-..-.S .:......... i o ........it-.. - 14 Mean
15 4.24 6*89 7*76 7*36 4*56 6*1?
20 5*26 6*36 6*23 7*45 5.21 6*93
25 5*64 8*33 8*91 7.98 6*61 7.53
30 7*20 8*9? 9*25 8*30 6*60 8,16
35 6*62 e*i8 6*50 •3*13 5.84 7.49
40 5.38 5.14 7*16 7.00 4.32 5.35
man 5*79 7.69 8.30 7.81 5*52 7.02

Critical difference at %% 1 m l ,  for length - 0.304, for depth • 0.27? and for 
coesbinatiem - 0.679

cr> 
cr>



was achieved* when the area was decreased or Increased
by adjusting the length of mouth opening, the harvesting 
capacity was reduced* fe e  the smaller mouth areas* 
eventhough the suction force per unit area was more* the 
mouth opening was incapable of permitting the entry of 
sufficient quantity of salvinia water mixture because 
the high velocity of the mixture increased the 
frictional resistance at the mouth* when the length of 
opening was increased from 30 cm* there was a decreasing 
trend in harvesting capacity. This was because the 
suction force per unit area was inadequate tor sucking 
more weeds into the harvester#

Zn this combination also# intermittent clogging 
Inside the ejector was observed. This is because the 
long rooted weeds partially encircled the primary 
flow pipe which la projecting into the auction chamber*

4*2*2*3 Eg • and Eg * Kg ecebinetions

The ejector Eg along with the circular as well as 
the rectangular mouth was tested but there was 
frequent clogging inside the ejecter with the weeds.
Zn this eJoeter e change of direction approximately 40° 
was given for the secondary flew* Thus the momentum of 
the flowing fluid with the weeds wee lost due to the 
euddan change in direction. The slowed down weeds thus 
easily got stuck around tha annular space between the 
nosale and the suction chamber* Visual observation



itself showed thst this ejecter could not he used tor 
the efficient collection of selvinis because of this 
frequent dogging sad hsncs no further experiments 
with this coBfelnatlen was continued.

4.2.2.4 Sj * Kj combination

Xn this case, the 10 m  diameter elbow was used as 
the mouth and tha teat results are given In table 22*
The mouth was kept at the optimum depth of 10 cm below 
the water surface* Average harvesting capacity 
obtained was 11*2© t/hr* which was greater than tha 
previous observations* The hither harvesting capacity 
was due to the sraooth change in direction given to the 
secondary flow. This in turn reduced the loss of 
momentum for the flowing fluid in the secondary flow. 
Moreover the present design enabled almost free 
movement tot the weeds within the suction chamber.
But this combination showed intermittent clogging of 
weeds. The higher suction force per unit area created 
at the mouth permitted the entry of more weeds than 
that could pass through tha annular space in the 
auction chamber.

4.2.2.5 Ej • combination

Xn M s  combination the circular mouth was 
replaced by the rectangular mouth and the results



Table 22. Harvesting capacity of Ej • f.j combination

si.
NO. 3**etaken

(c)

salvinia Harvesting 
collected capacity

(kg) (t/hr)

1

2

3

4

5

8*4
9.8

9*4

8*8

8*9

28*6
30*5
27*5
28*0
26.3

12.00

11.22

10.56

11.88

10.74

Averageharvestingcapacity
(t/hr)

11.28



obtained ere given in Table 23. Readings were M e n
at tha optimum depth of 10 cm below water surface* and 
for varying mouth lengths from 18 em to 40 cm. The 
results revealed that the optimum length of mouth 
opening was 30 cm with a harvesting capacity of 
9*92 t/hr. Evan though tha harvesting capacity 
obtained was slightly less than that obtained in the 
case o£ Eg - Uj combination# there was no clogging in 
this combination* The harvester could be worked 
continuously for hours together without may problem* 
Among all the combinations described earlier this 
combination was found to be the best* The higher 
harvesting capacity shown by Eg - Mg combination in 
comparison with £g - Mg was not useful for practical 
purposes as in the former case intermittent clogging 
oecured*

4*2*3 Harvesting of salvinia to the shore

All the cosHbinatlcns were used to pump salvinia 
to the shore for finding out its ability for 
continuous operation* at a static lift of one metre* 
Results obtained are presented in Table 24. It is 
concluded that Eg • Mg and Eg - Mg combinations ware 
not found suitable for harvesting due to the frequent 
clogging. Eg • MJ# Eg • Mg end Eg - Mg showed the 
tendency of clogging intermittently. Among these three
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Tabic 23. Harvesting capacity of £, - k2 combination 
for different mouth opening for the optimum 
mouth depth of 10 cm

Mouth si* time Salvinia Harvesting Average
opening NO. taken collected capacity harvesting
(can) (e) (t/hr) capacityIt/hr"

1 6*8 19.0 7.80
2 8*2 22.0 8.58

13 3 9*3 21.0 8.19 a .44
4 8.9 23.0 9.30
5 8*8 20.5 8.40
1 9.6 24.0 9.00
2 9.4 22.5 8.64

20 3 9.0 21.0 8.40 0.63
4 8.6 20.S 6.52
5 8.9 21.0 8.58
1 8.9 22.0 8.88
2 9.0 22.5 9.00

25 3 9.2 24.0 9.42 9.16
4 6.9 23.5 9.48

8.7 22.0 9.12
1 9.8 25.0 9.18

9.5 27.8 10.44
30 3 9.1 25.0 9.90 9.92

4 9.4 26.0 9.96
S 9.6 27.0 10.14
1 10.5 24.5 8,40
2 10.2 23.0 8.10

35 3 9.9 22.5 8.16 8.34
4 10.3 24.0 8.40

10.4 25.0 8.64
1 10.9 23.0 7.62
2 10*5 22.5 7.74

40 3 10.8 23.0 7.68 7.57
4 10,6 21.5 7.32
5 10.8 22.5 7.50
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Table 24* Pumping of ealvinia to the shore for a 
duration of 2 minutes. at a static lift 
of one metre

Coed*
notion
tested

SI.
So.

Salvinia
collected

(ko)

Harvesting
capacity

(t/hr) _

Average
1 S T
capacity
(t/hr)

fil - 1 345.C 10.32
2 320.5 9.62
3 330.0 10.17 10.05 Intermittent
4 355.0 10.65 clogging
5 315.5 9.47

E1 * H2 1 304.5 9.14
2 201.0 8.73
3 310.5 9.30 8 71 Intermittent
4 260.0 7.80 clogging
5 285.5 8.57

E2 * *1 Mo reading because of frequent clogging

E2 - M2 Bo reading because of frequent clogging

E3 . Hj 1 364.5 10.94
2 382.5 11.48
3 352.0 10.56 10.91
4 367.5 11.03 dogging
S 354.0 10.62

*3 ' **2 1 334.0 10.02
2 280.0 8.40
3 330.5 10.19 9.49 So dogging
4 331.0 9.93
S 206.5 8.90
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e«ft>iafitl<»a S| • Hj « m  found to havt the maximum 
harvesting capacity of 10*93 t/hr* The e3 - 
combinetion was found to work setisfectorily without 
any clogging st an average haxwesting capacity of 
9*40 t/hr. *hl* conbiaation was found more practicable 
than the other cosfcinations*

The harvesting capacity in this case was slightly 
less than that obtained when salvinia was pumped into 
the barrel fox a short duration* This could due to the 
non-uni forri ty in the density of wesds in a larger aree*

4*2*4 Harvesting of eelvlnia into the floating fence

Salvinia water mixture was pumped into the 
floating fence described in chapter XIX* The sise of 
the floating fence was ISO cm x ISO cm x 120 cm Mid 
its maxisum capacity was 400 kg* The combination 
e3 - was ussd to pus# the weed into the floating 
fence. The advantage of the floating fence was that 
it needed only a static lift of 40 cm* The results 
obtained are given in Table 25* The higher harvesting 
capacity in this case was due to the reduction in the 
static lift which in this case was only 40 cm while 
in the previous case it was one’metre*
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Table as* tUfVHtiM capacity o! I .  • M. it a 
italic lift of 40 an

si. wo. Tine
taken
(a)

Salvinia
collected

(kg)
Harvesting
" E J B T

1 * 92.3 11*00

2* 89.5 10*74
3* 30 91*0 10*92
4* 86.3 10.38
5, 93*0 11.16

Average 10*86

4*3 Second stage 11*14 t*Hl

The properties of salvlala cb«em4 In the second 
stage of field experiment* conducted et JudukJcadu ere 
given in Taints 26, 27 end 26*

Wtcm theee table** it we* found that the epread 
density* bulk density end toot ratio value* were in 
accordance with tha previous values given in 
section 4*2*1*

ihe ejector with it* secondary flow in the 
horisontal direction and the primary flow entering 
the suction chamber at as angle of SO9 to the horisontal 
wee tested with various (months* Xn addition to the 
nouthe i*?j end m2# a third south « 3 elliptical in shape



Table 26. Spread daoiity of salvinia in the tost pond
at ludukkadu

si • 
ho. Area covered 

(m2)
Weight of 
salvinia 

(kg)
Spread 
density 
( k g / m * )

1 1 .0 61.$ ei.s
2 1 .0 $4.0 54.0
3 1 .0 $9.0 $9.0
4 1.0 51.0 61.0
S 1 .0 55.5 56.5

Average 57.©

Table 27. Bulk density of salvinia in the test pond 
at Pudukkadu# volume collected 0.12$ m3, 
weight of cage * 10 .5 kg

SI.
NO.

height of cage 
♦ salvinia 

(kg)
weight of 
salvinia 

(kg)
Bulk density 

(kg/m2)

1 $2.0 41.S 332
2 59.0 48.5 <9CMSI

3 53.5 43.0 344
4 55.0 44.5 356
5 59.0 46.S 388

Average 362



Table 28. Soot ratio valuer of salvinia in the teatpond at Pudukkadu

Trial weight of weight of weight of Root
v'.o. sample leavee toots ratio

(g) (g) (g)

1 . 485 105 380 78.4

2 510 75 435 @5.3

3 425 85 340 80.0

4 380 100 280 73.7

5 460 70 390 84.8

Average @0.44



was also used in this test, the results obtained for 
these different confeinations in this seeond stage of 
experiments are given in fable 39*

Zt was found that tike performance of m2 and Kj 
were almost identical in all the ajqpcrimants* Hence 
it is evident that there is no particular advantage 
in using one over the other* though * Mj combination 
gave comparttively higher values of harvesting capacity 
compared to E^ • Kj 00(3 *4 * *3* however* this is not 
recommended for practical use because of intermittent 
clogging* From these experiments* it is clear that

* Mj and * Hj combination yield maximum harvesting 
cepeeity without clogging and hence can be used for 
continuous operation*

the ejector 1^ with H|* « 2 and h3 were tested for 
Its continuous operation by pumping salvinia to the 
shore at a static lift of one metre* the same combi
nations were again tested by pushing salvinia to the 
floating fence at a static lift of 40 cm* The 
results are given in tables 30 end 31 respectively*

Zt was seen that the *4 • combination had 
the same problem of intermittent dogging even though 
it attained a maximum harvesting capacity of 13*16 t/hr 
at a static lift of 40 cm* the • k2 mod - Mg 
combinations attained a maximum capacity of about 
12 t/hr at 40 cm static lift without any dogging*



Table 29* Harvesting capacity of different combinati©ns 
tested in second stage of exrerirtients

Combi
nation
tested

si.
No.

fine
taken
(s)

salvinia
oollected

(too). ..

Harve
sting
capacity

Average
harve
sting
capacity(t/hr)

Remarks

8* -K, 1 9*8 25.5 9.37
2
3
4

9*6
9.9
10.1

24.0
26*0
25.0

9.00
9.4ft
8.91

9.11
Inter
mittent
clogging

S 9.8 24.0 8.88

E2 * H3 Ho readings because of frequent clogging

E3 - M3 1 9.8 26.5 9,73
2 9.5 26.0 9.85

Ho
clogging3

4
9.7
9.3

28.0
2S.0

10*39
9*88

9.62

9.7 25. ft 9.4ft

m a 1 J5 1 6 .3 26.5 11.50

3
4

9.0
8 .4
e.i

28.5
27.5
25.5

11.40
11.79
11.33

11.55
Inter
mittent
clogging

5 8.6 28.0 11.72
e4 - m2 1 8.8 26.S 10*84

2 9.1 26.0 11.08
HO
clogging3

4
8.8
9.2

27c5
29.0

11.25
11.34

11.2

S 9.4 30.0 11.49
e4 - r-,3 1 9.0

8*8
27.0
26.0

10.80
10.84

3
4

9.3
9.0

28.5
27 .5

10.03
11.00

10.94 HO
clogging

5 9.3 29.0 11.22
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Tabl* 30* Ptampiag of wlvinia to the shore for a 
duration of two minutes, at a static 
lift of 40 cm

Combi
nation
tasted

Si.
t>o •

salvinia
collected

(kg)

Harvesting
capacity
(Vhr)

Average
harvesting
caracity(t/hr)

Remarks

E« - * i i 381.5 11.45
2
3
4

372.5 
390.0
370.5

11.18
11.70
11.30

11.28
Inter
mittentclogging

S 356.5 11.76

1? —. **4 “2 1
2

347.5
342.5

10.43
10.26

3 351.5 10.61 10.46 n o
clogging

4 349.5 10*47
5 350.5 10.52

E4 - M3 1
2

341.5
333.0

10.25
9.99

3 338.5 10.16 10.15 Ko
clogging

4 346.5 10.38
S 333.5 9.95
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Table 31, Pumping of salvinia to a floating fenco 
for 30 seconds at a static lift of 40 cm

Combi
nation
tested

SI*
Do*

salvinia
collected

(kg)

Harvesting
capacity

(t/hr)

Average
harvesting
capacity

(t/hr)
Remarks

*4 - Hi 1 108.5 13*02
2
3
4

115*0
104.5
111*5

13*80
12*54
13*38

13*16
Inter
mittent
clogging

5 100*0 13*08

*4 - K2 1
2

100*5
108*0

12*06
12*96

3 104*0 12*48 12*36 HO
clogging

4 102*5 12*30
5 101*0 12*12

i4 - k , 1
2

07.5
104*0

11.70
12*48

3 102.5 12*% 12*12 HO
Clogging

4 09*0 11*86
5 102*0 12*24



From the two stages of testings it was found 
that l4 - Mj and 1^ - Hj ware giving better performance. 
Hence it is recommended. these two combinations are 
suitable for the harvesting of salvinia voder all 
conditions of weed growth in Kerala.

4.4 economic analysis

The operating cost of Salvinia Harvester was 
worked out on the basis of the assumption and calcu
lations givsn in Appendix 1X1. Zt was worked out on 
tha assumption that the salvinia problem was prevalent 
for about 8 months during the year. Hence a very 
conservative figure of 1000 hours of annual use of the 
equipment was taken for the cost analysis. The life 
of the equipment is token as 10 year® with 10 per cent 
salvage value and the operating coat was obtained as 
kg.35.30/hr. The spread density value of salvinia in 
Kuttansdu region, where the weed waa in the first 
growth phase, was 16 kg/tor. The harvesting capacity 
obtained for the prototype Salvinia Harvester was 
16 t/hr. Hence the clearance time using this equipment 
la 10 hra/ha. therefore the expected cost for clearing 
one hectare of weed infested field is Re.353/-.
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summary

An investigation on "Design and development oi a high 
capacity Salvinia Harvester* was carried out to improve 
the performance of the salvinia Harvester developed by the 
Kerala Agricultural University. The main emphasis of the 
study was on the design oi a high capacity ejector system 
that would work without clogging under all conditions of 
weed growth* In order to achieve this objective different 
directions of rrimary and secondary flows were tested and 
various sizes and shepes of feeding mouth were tried* The 
optimum position of the mouth below the water surface was 
also determined* The details of the complete machine are 
shown in Fig. 22. The results obtained are surrmariaed 
below*-

1* Among the two ejectors Eg and Eg with primary flow 
straight ano secondary flow inclined* the ejector Eg 
yleldec a better capacity ratio ( total flowi primary 
flow) of 4*03*

2* The two ejectors Eg and with secondary flow straight 
and primary flow inclined gave identical capacity 
ratio of 3*75*

3* The average spread density value for the salvinia in 
the initial stage of third growth phase was 60 kg/m^.



Scale -1: 20

1. Floating Platform.

2. Prime mover & Pump.

3. Ejector.

A  Floating Fence.

5. Feeding Mouth._____

FIG> 22. SALVIN IA H ARVESTER  (an isometric view)
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4* The hulk density value before he rvestln: at the two 
test localities where the weed was in the initial 
stages of third growth phase was of the order of 
370 kg/fc3.

5* The bulk density of salvinia harvested with the 
machine was around 33C kg/te3*

6* The averege root ratio values obtained for different
growth phases and root length were 46 per cent in the 
first growth phase (root length less than 20 cm)* 69 
per cent in the initial stages of second growth hase 
(root length 20 - 40 cam)# 76 per cent in the later 
stages of second growth phase (root length 40 - 60 cm) 
and 83 per cent in the initial stages of third growth 
phase (root length greater than 60 an)*

7* The £| - Jfj combination yielded the maximum harvesting
capacity of 10*82 t/hr at a static lift of one metre
with the feeding mouth 10 cm below the water level*

8. Experiments with Ej - Hj combination with mouth at 
different depths showed that the optimum depth w* s 
10 an*

9. The Ej -> Kj combination was tested with varying mouth 
depths from 6 cm to 14 cm and length of opening from
IS cm to 40 cm* keeping a constant width of 7*5 cm.
It was found that for a rectangular feeding mouth of 
7*5 cm width* the o. timum length of opening was 30 ct*
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In this combination also the depth of fseeing mouth 
below water surface was found to ba 10 an for maximum 
collection.

10. The tsst results with ejector and mouths Kj. and Hj 
showed intermittent dogging in the ejector system 
with the weeds.

1 1 . The ejector E^ did not function satisfactorily due 
to frequent clogging.

IS. The observations made with t3 «» Mj and E3 - showed 
that Ij - Kj was the best combination. The harvesting 
capacity obtained with S3 - was 9.92 t/hr without 
any clogging problem at a static lift of one metre.

13. All the above combinations when tested for continuous 
operation by jumping salvinia directly to the shore.
£3 - Kj yielded a maximum harvesting capacity of 
9.49 t/hr, at a static lift of on© metre.

14. the E3 - M2 combination when used to harvest the weed 
into a floating fence at a static lift of 40 opr, 
achieved a higher harvesting capacity of 10.86 t/hr.

15. Clogging was a very serious problem for - Kj 
combination, eventhrough it attained a harvesting 
capacity of 11.55 t/hr at a static lift of on# metre 
and 13.16 t/hr at m static lift of about 40 cm.



16# B4 - Kj and I| - Kj fielded almost tha seme 
harvesting capecity of IX t/hr at one metre 
static lift whereas at 40 cm static lift a 
value of 12 t/hr# without any problem due to 
clogging.

17* All these experiments conducted revealed that 
the ejector e3 rad era be used under ell 
conditions of weed growth without clogging 
along with the moutha «2 end Mj.

18* The capacity of floating fence of eiae
150 cm x 150 esi x 120 m  with six polyethylene 
drums was 400 kg.

19* Economic analysis showed that the operating
cost of the machine was As# 35#3/hr. The 
expected cost for clearing the weed infeeted 
areas where speed density values were around 
Id kg/»2 (liko Kuttanadu area) ie Re.353/ha.

Die following are some of the works suggested
for further Investigations:

1. study of dreg characteristics of the salvinia
weed and its influence on the geometry of the 
ejector system.

2# Development of an automatic feeding mechanism
for guiding the weeds easily into the mouth.



Assessment of wihiinlcil properties of the 
salvinia weed including possible methods and 
machine components for its processing and 
disposal.

Kodificetlen of the mouth as well as the 
ejector system to suit it for tie collection 
of other common floating type aquatic weeds 
like water hyacinth.
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Appendix - z 

specifications of prototype salvinia Harvester

Engines# 2 Hoe.
Speed
Bore
stroke
Displacement
compression ratio
Kaximum torque
specific fuel consumption
Fuel tusk capacity
Oil consumption
Dry weight
Pumps# 2 Nos
Heed
Suction line
Delivery line
Length of floating 
platform
♦<idth of floating 
platform
Floatation

Gresvee lombcrdini 
3000*3600 tpm 
78 mm 
68 mm 
323 cm2 
18*1
1*48 kg.a 
0.233 g/bhp.hr
4.5 1
0*013 kg/hr 
38 kg 
Texao 
10*35 a 
6I2S cm 
5 cm 
42S cm

120 cm

12 Hoe. polyethylene drums 
of SO 1 capacity



Appendix -  zx

specifications of 8 tip High Pressure Fumpset

Engine type LDA-S10
Bore 85 mm
stroke 90 mm
Displacement S10 on3
Compression ratio 17.5 t 1
Spood 2800 - 3000 rpa
Kaxisnm torque 3 kg.na.
m o w  piston speed 7*8 - 9*0 m/e
Specific fuel consunption 184—198 g/bhp fax
Fuel tank capacity 5.5 1.
Liquid oil consuaption 0.022 kg/hr
sump capacity 1.75 i
Dry weight 99 kg
Pump type KH7
Suxtlon line 9 OB
Delivery line 9 OB
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Append!* * ZZZ

Calculation of operating coat of salvinia Harvester

1* 4asumptions

1, Life of tha harvester(L)t 10 years
2. salvage value i 10% of Initial coat
3* Rate of interest(1) t 10% of average

jnyaatmm t
4. Repair and maintenance • 0% of initial cost

coat
5. Insurance and taxes « 2% of initial coat
6* Housing chargee • Ra.300/year (assured)
7* HuBtear of marking t 1000

houra/year
8. Fuel coat/Utre (dlael) i Re.4.02A
9* Lubricants coat « 30% of fuel coat
10. wages for ̂ lllad man « R».40/day

labourer
11* wages for unbilled wan • Re.30/day 

labour
12* wages for « f t i l M  « Ra. 25/d ay

eooan labour
13* Rustoer of verting houra/i 6

day
14. Minimum number of dklllah One 

man labourera to operate
the machine

15, Hinlmum oirrtber of 
unskilled man labourers 
to guide the veeda Into 
the mouth



Civ)

16. U n i m m  nuafaer of
1 1^ 1 OOOMI labour

er* for fwioving the 
weeds from the floating 
fane*

18* spread density of
salvinia in the first 
of growth

17. fool consumption 2 1/hr 
If kg/ta2

2* lavMteoita

1* coot of 8 hp high Ke. 17#OOC.OC
pressure puapeet and 
its starting accessories

2* Cost of fabrication of » Us. 1.000.00
ejector system Including 
cost of materials

3. Cost of floating a as. 1,500,00
platform

4. Cost of floating Canoe * as. 500.00
5. cost of other access* t as. 1.400.00

ories and pipe fittings
6. overheed charge* for « as. 600.00

fabrication work ______ _____

1. Depreciation ■ m  fl||.jf • aa.lc98/hr

Total aa. 22.000.00

3. Calculation*

* as. 1.21/hr



Insurance and taxes "* |f x % T§58

• Ra* 0.44/hra M M W H M

Housing chargee * Re. 300/year

• Ra* 0*30/hr

Fuel coat • 2 x 4.02 • Ra. 8.04/hr
(diesel, t 2 i/hr)

Lubricants coat * m  x 8.04 • Ra. 2.41/hr
(C 38% of fuel coat) w  --- ------

Labour charges 

i) skilled r an leiboum • ̂  • Rs. S/hrC8

41) 1880 -  f  -  3.75/hr

ill) Unskilled women „ 2 x 25 -
labourers 5 *  Ra# 6*25/lur

Opweti^ cost (ra. of it®. . R..30.T0/H,

Establishment charges (® 15% of operating cost)

• 30*7 x tits * Re. 4.60/hr

Total operating cost of Salvinia Harvester
• Rs.35.30/hr
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ABSTRACT

salvinia molests locally known as 'African Payal* 
ia a noxious floating typa aquatic weed in many parte 
of the humid tropica* Kerala Agricultural university 
developed a mechanical device to harvest this menacing 
weed*

An investigation on the performance of the 
prototype salvinia Harvester was carried out under 
various con itlons. Prototype ejector with secondary 
flow straight and primary flow inclined at 90*. ejectors 
£>2 and l| with primary flow straight and secondary flow 
inclined at 40* and 30* respectively and ejector &4 with 
secondary flow straight and primary flow Inclined at 
30* were tested along with circular mouth C j), 
adjustable rectangular mouth O j) end elliptical mouth 
( 3) • Experiments were also conducted to find out the 
optimum de;-th of mouth below the water level*

The study revealed tht clogging was a serious 
problem for the prototype salvinie Harvester# where the 
weed was in the initial stages of third growth phase. 
Ejectors E| and &2 showed clogging when tested with all 
the different feeding mouths. The E-M„8.E„-M„ combinations-4-  ̂ "T 3
yielded almost identical harvesting capacity of 11 t/hr 
at one metre static lift and 12 t/hr at 40 cm static 
lift without any problem due to clogging. All these



experiments conducted revealed that the ejectors fc3 end 
b4 can be need under ell conditions of weed growth 
without dogging along with smiths i-'j and Mj.

The machine is capable of removing weeds at the 
rate of 16 t/hr where the spread density value was 
around 16 kg/e2 U60 t/hs) like Ruttenedu area. Hence 
the machine would be capable of kemoving the weeds in 
one hectare in 10 hours. The estimated coat of 
operation amounted to Rs* 353/- per hectare which 
compared favourably with the reported ©oats of Re.900/- 
t© Ra. 2#TOO/- par hectare for manual collection and 
disposal.


