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INTRODUCTIOHN

Aguatic weede have becore & nenace to agriculture,
plsciculture ond inland navigati~: in many arte of hurdd
trc;ics. Thie 4is articulasrly true of the =t te of reralse

where the we:ds have srredd to such an alarning extent,

Saeivinia molesta idtchell locally known as ‘Africen
payalt is found all over Kerala, 1t is estirated that
nearly 50,000 he of =uter surface 1s infeste. with this
rolesting weed, Alle-rey, Ernakulam, Fottayar and Trichur
are the most aftected districts. osalviniz 48 & none
flowering weed of South American origin and 1s caravle of
rrolific growth and rapid wultiplication, They srread
themselvez like & dblanket over the water surface., 7They
corpate .ith cro;: for available srace and nutrients and
interfere - ith ;addy cultiveticon, The aGdlticnal expeniie
ure incurred I[or cleagring the weeds from podcy fields has
erhanced the cost of cultivation, It is re corted thot the
aéditional ex enditure needed for clexring thce veeds from
raddy fields, vapies {rom i. 900/= to i, 2,707/« rer

hectare deending upron the degre: of infestotion,

salvinisc often damages the enyines of grill motoxr hoats
vy blocking cooling water intake apertures, in thickly
infestec cznuls, the forward movenwnt of bosts is hindered
by the resistance offercd by the we.dge A thick layer of
salvinie restricte the assage of sunlight end consejuently

tish production is adversely affected, Uecayed salvinia
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rollutes wgter, making it unfit for humen use, It

. rovides ortimur breeding conditicns for ceriein tyres of
rmoscuitoes, There are :lso xe;otts of extensive cloy. ing
of jrrigation and drainage chennels by the weeds, 1In
short, these weeds adversely aifcct the tuclity of huran
ac well o8 aguaric lifes It is thereiore of utrost

im ortance that trhese weeds :hich have alreccy bhecore 80

widcs: read in Kerale ere contrnlled,

Altho.gh mecrnanical control of aguatic weeds 1o &
sound ranagenwni - roech, the present day equipment
availeble ieg toc exensive in reizstion to the Lenefits
derdved, rowever rmech:iinicil meusures of wedd contrci have
the great attraction that the control obtained iz very
auick anc elso causes minimue rellution hazerds, Another
advantage is that the collected weeds cin ke 7ut tO use

foxr agricultural or industrial purposes.

The Kersls Agriculturzl]l University in 1901 developed
& chez rechanic.l device teor hervieting salvinia molesta,.
But in tidez ¢ chine «logyiny wos & serious ;roblem.
Further the efficiency under <li conditions »f weed growth

was not studied,

The objectives ot the prescnt study «re to eviluate
the rerior once charscterlstics of the nuchine Jdevelored
exrlier under virious conditions and to develo:r & clog

free high <. noclity ejector gystem,
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REVIEW OF LITERATURE

The informations reliting to the origin, growth
and contrcl of salvinia are reviewed in tiis chapter,
The review is presented in the following headings:s

1. Origin of salvinia
2. Salvinia in Kezals
3. Properties of salvinia and

4. Control of salvinias

2.1 OUxigin of salvinia

sédvindau nolesta which 18 loeally known aa

African rayal ls actuilly & native of South Arwrica.
Records gave evidence that specifiens of 3Salvinis
polosta, Sgivipds bilobe and Savipie surjculats were
present in the Botanical Gagden at Rio de Jeneiro,
South Amexica in 1941, 7This raises the possibility
that Salvinie molests is 8 hybrid of horticultural
origin (r'dtchell, 1973). Upto 1973, Salvinia
polesta ‘dtchell was misidentified as Salvinis
auriculata Aubl., iitchell studied the biology,

morphology, taxonony and ecology of this and revealed
that the weed which was of common occurence in Africs
and Ceylon wes not the same as Salvinié suriculats but
@ distinct taxon, named Zalvinis moleste. This weed
may be distinguished from other species of salvinia,



initially by the confirmstion of the presence of hairs
on the apices of the ptptilac on the upper surface of
the leaves. In Afrxics, salvinia wes reported for the
firxst time in 1948 at 2asbesi river systec, but wss not
considered as & weed until it invaded Karibs reservoir
in 1969, Hence to call it‘'Africen Payal' 4is perhaps a

little erconeous,
2.2 Salvinia in Xerala

Cook and Gut (1971) reported that salvinia must
have reached Kexala in sbout 1950-'60 from Ceylon and
was £irst noticed as & menacing weed around 1964,
George (1976) pointed out that the plant, unknown in
Kezsla before 1953, was believed to have been brought
to Trivandirum from Bangalore for botanical studies,
According to Thores (1979), salvinia waes intrcduced as
8 rarity in the iotanical Gazdens, and the ypresence of
this floating fern vas first noticed as a noxious weed
in 1956 at Veli near Trivendrum,

Over the lasgt 30 years the weed has spresd to sll
districts of the state extending from the fresh water
surface of ruttanadu region which lies helow se2 level,
to the Kakki dar which has an altitude of 984.5 m.

A study conducted jointly by the Kerala Agricultural
University and the Calicut University identified that
nearly 7180 kn’ (18.4% of the total erea of the State)



was affected by the weed., The districtwise infestation
of salvinis according to thisg report is given in Table 1,

The table shows that the more heavily infested
districts are Alleppey, Exnskulam, Kottayam and Trichur,
The weed is chuainq extensive damages to paddy culti-
vation and disruption of inland navigation for several

months in an yearx,.

The lovw lyiny CS?tal areas of the state have
provided & highly favourable condition for the growth
and spread of this weed, Consequently there was an
explosive developient of the weed from the Trivandgum
district, vhere it originated, into the Kuttanadu
region and the Xole lands of Trichur district, The
spread of the weed howsver, has been less drastic to
higher elevetion aress of the northern and eestern

rogions of the State,

The State Department of Agriculture estimated
that the total area of wagter-surface actually covered
by the weed was about 2,00,000 ha. This inforration
indicates the magnitude of the problem ané the snormity
of the task involved in effecting eny contrel in the
spread of this weed,

Estimates made by Samuel (1980) revesled thet
the area requiring removal of the weed was of the order
of 1.00'000 ha,.



Table 1. African Pays]l infestation in Kerala
state 1977-'78
Approx,.srea
No,  Districts Area :é"z%uc j"siz::
infestation,
et gel)
1. Cannamore 5706 100 1.78
2. Calicut 3738 300 8,04
3. Malsppuram 3638 450 12,37
' ralghst 4400 150 3.40
Se Trichur 3032 1300 42,87
LT Ernekul am asnm 1200 50.49
7.  Alleppy 1884 1100 56.38
8. Kottayam 2196 700 31.88
9. IGukki 5087 200 3.93
10. wuilon 4823 800 17.3
11. Trivandrun 2192 880 38,78
_—
Total 38064 7180 18,40

(coy, 1978)



2.3 Properties of salvinia

2,3.1 Biological propexties

The important biological properties concerning
the morphology, growth phages and geproduction are
briefly described below.

2¢3.,1.1 rMoxphological characters

Salvinia has small fragile horizontally floating
stems which bears naired floating leaves, A long
finely dissected submerged leaf hangs from esch mode
and this abesorbs vwater and fons, under the influence
of transpiration rull exerted from the fleoating leaves
and thues rerforms the function of the roots which are
absent, One of the three buds present at oach node
produces a dissected leaf, another & pair of floating
leaves vhile the third normelly rerains dormeant. Any
part of the stem bearing one or more buds is capable
of growing inte an independent plant. The floating
leaves s well as the submerged leaves sre shown in
Fig.l.

2434102 Growth phases and factors affecting growth

Cook and Gut (1971) fdentified four distinct
phases durir; the growth of selvinis (Fig, 2). 1In the
first phase salvinia was in the primery invading fore
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First phase : horizontal growth

Second phase : vertical growth

Third phase : colonisation of salvinia

Fourth phase : colonisation by woody plant

FIG.___2=.FOUR GROWTH PHASES OF SALVINIA
(Cook & Gut,1971)




and only lateral growth occured, But when there was no
srace for lateral growth, the leaf grew in the vertical
position and built up on its own deed materiel, In
thias sccond growth phase plant became very large, This
growth stage went &n until the weed was not able to
obtain the large qguantity of water needed for its growth
due to the massive deposit of dead litter. The habitat
was thus changed an<i was ready to be colonised by other
plant species, The initial colonisers were rostly
herbaceous plants which crept over the nats of salvinis
and bound them together, giving rise to the thirxrd phase.
The herbaceous plants also contributed litter which was
deposited on the island, prowviding & comfortahle habitet
for woody shrubs which would, in turn, be eventually
replaced by trees (fourth phase).

Light, temperature and nutrients are the funda-
mental fectorsz that influence the growth of salvinia,
idtchell and Tur (1975) noted that as the light
intensity increased the growth of salvinia also
increased, Growth rates shot up with increasing
terper: tures from 22°C to M°C, but decreased rapidly
with further rise to 35°C. Salvinia grows four tires
as fast in direct sunlight as in the shade, (Ceorxge,
1976) . Shade, moverent and salinity of water and
drought conditions inhibit the growth of salvinia, The
submerged third leeflet of solvinic i3 essentiel for



sbsorption of nutrients and its removal affects growth
and developrent of the plant,

It was found thet the trensition from the firxst
growth phagse of salvinia t© the second phase takes
place in as little as one and a half months time in a
suitable habitat like Kumarskam ares (Sankaranagayanan,
19681), lost habiitats in Kerala asre either in the first
or in the second phase of growth, EBEut in isclated
ponds the third growth phese i{s also seen, There have
been little informetion of the weed having grown into
the fourth phase anywhere in Kerala.

243143 Reprodugtion

In all the salvini& species, fragrenteticn and
regeneration were nore prevalent than develon: ent of
sexusl propogules (Loyal and Grewal, 1966). ' itchell
{1970) showed that salvinia was incapable of forming
viahle spores and as such did not reproduce separately,

According to Joy (1978), Salvipia polests was
a sterile plant and its reproduction was sclely
vegetative, the Liroken pieces of mother plents developing
into new ones, It has & surprising ahility to regenerate
from relatively very smell pleces of the plant tissue,
Winds and waves, birds and beasts and though quite
inadvertently, mon himself play the part of & propagating
agent and transport and disperse the wecd, There is
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abundant evidence that man, through his eqguiprent or
activities, is the muin agent for spreisdiig the piant

into nevw situations,
2,3.2 Cherdcal properties

A series of chemical sanalysis of salvinia by
williams (195€) yielded the following results shown in
Tebhle 2,

Little and Henson (1967) analysed the sSalvinia
and found thst protein content in it was 0,63 per cent.
Studies crnducted by Thom.e g% 8. (1976) on salvinia,
based on the sumples collected from Kersla State gave
the followin; compacition om dry ratter basis (ieble 3).

24343 FPhysical properties

Irmortant physical properties of aquatic weeds
relevart to mechanicsl haxvesting include water
content, dersity characteristics and ;ressure demsity

relationships,
2¢3,3,1 water c¢ontent

The analysis made by Williams (19%6) on salvinie
showed thet the water content was 89,3C per cent,
Agcording to Little (1968), the water content of all
aguatic p ants wag abcut 92 per cent by weight, resulting

in only efght per cecnt of sclid matter, Analysis by
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Table 2. Chemicel contents of Sjlvinie polceste
g: : Contents Fresh ;ltm Dry ;i:ﬂtt.t
i, Moisture 89.30 -
2. Organic matter 6,07 56.72
3. Ash and Sand 4.63 43.28
4.  hitrogen 0.09 0.84
Se votash (K,0) 1.1%6 1,46
6. Phosphoric acid 0.022 0,207
7. Lime (Cal) 0,042 0.386
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Table 3. Cormposition of salvinia on dry matter basis
o consente bey rasens
1.  Dry matter (oven dried) 10,1 & 0,21
2.  Crude protein 13.2 & 0.92
3. Ether extract (fat,
carotene, ete.) 3.7 2 C.18
4. Crude f£ibre (Cellulose) 23,5 ¢ 1,1
Se Nitrogen free extract
(soluble carbohydrates) 46.9 + 1,3
6. Total ssh 12.7 £ 0.41
7. Aeid 1psoluble ash
(silica) 2.1 & C.3
8. Culcium 1,35 & 0,18
9.  Phosphorus 0.35 + 0,03

(Thomas 2& ‘n.o 19”)
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Thomas g% 8l. (1976) on salvinie ylelded a value of
10.1 £ 0.2 per cent of 4xy matter content., Studies
made by the Departnment of Life Sciences of Calicut
Univeraity (Ignetious, 1979) and Uepertment of Agrie
cultural Engineering of Kersla Agricultural University
(camuel g% 8l., 1980) indicated that ssivinia weed
contained only less than five per cent 250114 matter,
Thies showed that the moisture content of fresh
salvinic would be arcund 95 per cent,

2e¢3e3.2 Bulk density

Sulk density means the weight of weed (in moist
stage) per unit volume, Field experirents conducted
by sSankaranaraysnan (19681) 4in Kuttenadu region snd in
Kole lands of Trichur district showed thet the bulk
density of silvinia at the beginning of the second
phase of jrovth was between 370 and 400 kg/hs.

203¢343 GSpread density

The term spread density was introduced by Samuel
(1972) which vas defined ass the weight of irmediately
harvested drip dry salvinie per unit area, Preliminagy
exreriments done by Saruel end Jacob (1977) showed that
for salvinie weed vhich had completed horizontel
expansion just to cover the watsr surfece, the gpread
density was of the order of 3 kq/hz. In the second
phase of growth the value was about 7.5 kg/m° end with
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secondary grovwth of creepers over the salvinia canopy,
the spread density was found to be upto 12.5 kq/mz.

Sankarenarayansn (1981) observed the values of
spread density under different habitats and degree of
pecking as given in Tdle 4.

2.3,3.4 rressure - Density relationship

Liverwmore gt al. (1971) repoxted that in the
case of water milfoil, it was possidble to reduce about
S0 per cent the original weight by the application of &
rressure of 2 kg/az. However, similar studies on
salvinia has not been yet repoxted,

2.4 Control of selvinia (Weed Management)

sSince squatic weed managemrent aims at drewing the
maximum bencfits from these weeds, it does not often
call for totcl eradication, moloqiéal. cherical and
mechanical methods are the ususl techuigues for
controlling agquatic weed growth in water bodies, Hut,
8o f&r, no single method alone has found suitable for
the corplete control of salvinia,

2,4,3 Biological control

Biological methods are the most desirelble hec-use
1t will not c-use envirommengal pollution &ané the

control once achieved will be relatively permanent.



19

Table 4. Spread density of salvinia under different
habitats and degree of racking

51 Degree of packi Appmﬂ?“x
* ee of packing ' spread density
No. (t/ha)
1. Light infestation (no
artificial packing, does not
completely occupy the water
surface - I stage 80
2. Sevegre infestation
(completely occupies the
water surface - 1I stage 160
3. Severe infestation end
packing under wind pressure -
11 stage + wind action 240
4. Severe infestation and
packing by manual pushing 320

(5ankaransrayanan, 1981)
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But this is a slow precess and will take its own time
to accorplish. This method involves the use of
coepetitive oxg:-nisms to sup ress the qxcwtr; of the
weed species, This pouses the problem of uncontrolled
growth of orgeniems and then sttt . ¢k on alternate feed
stocks.

A common tropicel snail, Pils globosg has been
found to eat vorasciously on §alyipie molesga, without
Ny eppetite for paddy plants (Thomas, 1975). The over-
growth in populstion of the anail could be used ap
human food. According to Phillipose (1976), most
submerged weeds in confined water aress could be
controlled by resring of weed eating Chinese grass
carp of proper sise with the weed, In Kenya and
Rbodesia, Paulinis scuminssa wes considered es a
promising bioccntrol agent of salvinia (Sankaran, 1976).
He also reported Poulinid SEUmARoSs. Samee multiplicelis

and Cyptobsaous gajviniss as promising biocontrol agents
for salvinia, The Depsrtment of Agricultural Entomology.

Kerala Agricultural University, Vellanikkara has
initiated a scheme for the biological control of
Salvinia and has found that in Kerala, Cyrtobagoup
28lviplag is the most suitable biocagent,

Vazious types of biosgents may rrove useful in
different places. 1In some plages, the existing stand



of the weed may be too dense and hard for the biologicel
agent to be very effective, In such places, the weeds
have to be eliminated by chermicsal or mechenical mesne and
the use of a biologicsl egent should come as a secondary
ster to keep down the plhlatable re-growth, All these
bioagents reported need be subjected to further research
for achieving complete eontrol of salvinia,

2+4.2 Chendcal control

Control of aguastic planta with herbicides is
usuelly easier, fester and freguently cheaper than by
any other method, Ecologically, cherical methods arxe
disadvantagecus beciuse they ceuse environmental
pollution,

reports of Stephens gt 8]. (1963) showed that
Siguat at 2 kg/he was recommended against Salvinie

species in U.S./s 1In the non-fighery vaters of Ceylon
methyl—dtmropﬁenoay acetic acid (CPA) plus mineral
oil emulsio:, sold as "shell Salvinia®™, has proved
ctftcun\m destroying the Salvinia (Philipose, 19€8).

Dassanayaks (197¢) reported that va:aquag: gave temporary
control of selvinie in Ceylon,

George (1976) found thet Diguayt and 2, 4D were
effective ageinst Salvinia 4in India, Uiquat at 2 kg/he
was found to destroy salvinia plants in five days,
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2, 4~D was effective at a high dose of 285-40 kg/hs,
Both herbicides vere effective at the first growth |
phase of salvinia, 1dnersl oils, kerosene, dlesel and
powerene, particularly along with urea or some
surfactant, destroy salvinia leaf hairs, vhich are
the main loci of bouyancy control of this plant. The
treated plants then sink and decompose thereefter,

Sslvinia was found to be sensitive to bases,
among which ammonia vwaa the most effective in killing
the veed selectively, (Ariyaratns, 1977)., Sslvinia
was found susceptible to thiram, & well known fungicide,
at the rate of 7«12 kg/hs when applied with & wet:ing
agent like Agral«90, Thirem is highly selective to
rice plants, therefore, it isivezy prondssing compound
for salvinia control An paddy fields (WRO, 1977).

In Kerals, chemicals like Paraquat have proved
effective in peddy flelds where the weed rat is not
very thick (Joy and Abrxahaw, 1977), The usc of
chemicals on &n extensive scale might cause water
pollution problems, psrticularly in water logged areas
of the State, like Kuttanadu, Studies on the pollution
haserds due to freguent use of chemicals agxe to Le
carried out prior to the extensive use of toxic
chemicals,



2.4.3 Mechanical control

Mechanical control of aquastic veeds is éefined
as the physicel removal of agquatic weeds mannually of
by powexr operated devices (gencrglly called as
harveaters), Mechanicsl control might be more
advantageous, if utilisstion of the harvested material
can be further developed, for the manufacture of hard
poard and packing materials, fo: blogas procuction,
for making compost and for mulching in coconut gardens
{Thomas, 1980).

2.8643.1 Fanual methods

Floating booms mede of bamboo, rope or nets are
used for removing free flosting weeds by encircling a
srell poreion of the veed infested agea and pulling
the veeds ashore, 7This method can be effectively
used for smzll sreas from the shore and for larger
areas 1f 2 boct is employed, The most widely practiced
method in Kerala for the removal of salvinia from paddy
fields i3 hand picking. Dregging was often recommended
for use in lakes, canals and narrow rivers (sSculthrope,
1967). A heavy chain or 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 Kakki reservoir in 1973, and the estimated



2.4.3 Mechanical control

Mechanical control of aquatic weeds ls éefined
&g the physical removal of ajquatic veeds mannually or
by power operated devices (gencrglly calleé as
harvesters), lMechanicel control might be more
advantageous, if utilisation of the harvested material
can be further developed, for the manufacture of harxd
board and pecking materials, for blogas procuction,
for making compost and for mulching in coconut gardens
(Thomas, 1980).

2.6,3.13 Fanuel methods

Floating booms made of bamboo, rope Or nets sre
used for removing free floating weeds by encizceling a
srell portion of the weed infested srea and prulling
the veeds ashore, T7This nethod can be effectively
used for smzll areas from the shore and for larger

areas 1if 3 boat is employed, The most widely practiced
method in Kerals for the removal of sgalvinies from pasddy
fields is hand picking. Dragging was often recommended

for use in lakes, canals and naxrow rivers (iculthrope,

9

1967). A heavy chain ox rake bearing downward projecting

teeth is dragged by neans of & power winch or two
pexsons on either bank. Cook (1976) reported that
mannual chaining was used for the removal of salvinia
from Kakki reservoir in 1973, and the estimeted



expenditure was Rs, 2,700/ha. In Ceylon dragenetting
of salvinie was adopted on thousands of hectares of
water during a “Salvinia Week®™, but the area was
infested with salvinis in a few months (Robeson, 1978).
These methods cre very slow, time consuming &nd &lso

not suitable for very large areas,

The method now practised in Kuttanadu area
consists cf draining the paddp field, collection of
salvinia inte hesre and then dragging them on cneonut
leaves to the border bunds (Sankeranasrayan, 1981),
He also pointed out that the rinimum cost for manual
removal just by pushing the materisl during the low
tide to the adjoining canal, vhich provides only
pertial control, was about Rs, 500/ha. The costs for
ccllectiorn and dispoacl cof salvinie at @& reascnable
lea distence varies from Re, 900 to Rs, 2,700/ha,

2:4,.3,2 lechanical harvesters

Machines that either cut the submerged weeds or
pick up floating vwedds and transport them spmultane-
ously to the shore are called agquati¢ weed harvesters,
A harvester 1cy be either nmobile or shore besed, The
mobile harvesters are launched on sturdy boats or
floating platforn, They move in weter and pick up
weeds and throv them on to the shore.

20



Weed cutting machines mapufactured sbroad have
been tried in Xerala, but without much success. These
machines are generally made for submerged weeds and
they only cut the upper portion of the weeds lesaving
btehind 40-50% which regenerate very fast,

Under the initiative of the Government of

Kerala, Cook and Cut (1271) Professors at the University
of Zurich rade & study of the weed probler, in Yerala,
They have reported that cherical control is not sdvisable
oving to possilble polluticn of water and consequent
danger to huran life., The report vhile endorsing the
proposcl rade earlier by Simmonds of Comunonvwealth
Institutt of iiologieal Control, Trinidad goys that
trials of btioclogical control of weeds may Le atteupted,
I+ was further suggested that "it is perheps worth

cneidoring the doveloprent of a suitalle galvinia
rgemoving mechine” as an appreasch to aquatic weed

control,

semuel (1972) formlated some conce; ts for
wmechanic:l devices which eould utilize manuel and
mechanic:l power to suit different habitats of weeds,
The Central Institute of Fisheries Technology, Cochin
hag developed cne machine for the removal of aguatic
veeds (Velu, 1976). 7This machine is claimed cepable
of clearing weed infested ares at the rate of 1.5 ¢o

2,0 ha/day of eight hours at a rate of Rs. 150 to
R84200/ha, The estimated cost of the machine



including the engine was Rs. 84,000/« (Kaimal, 1976).
But the equiprment has not yet been brought into public
use for went of furthcr modification to handle specli-
fically the salviniz weed, A local innovator, near
Kottayeam, developed & rachine in 1977, which c:nsisted
of an engine operated conveyor system mounted on a
pletform supported by two country boats. Due to the
very low speed attainsble by the harvester when
pushing a laxrge conveyor through the water, the
tendency of the weed meterials is to flow away from the
pick up point and this development programme is also
now suspended,

Samuel and Jacob (1977) proposed & novel fluidi-
s2tion technicgue for harvesting the salvinie weed,
based on the principle of a8 high capacity water jet
device originslly developed by Samuel in 1972 to
improve the discharge capacity of the conventicral
irzigation pumpsets. They suggested that a rortable
pumpaet ¢an be used as a primsmover to procuce the
primary flow which will induce the weed to wove through
an ejector system into the collection tank, ULased on
the above desi¢n concept, the Department of Agricultural
Engineering, Kerala Agricultural University, Vellsnikkarxa
successfully developed one prototype Salvinia Harvesting

Machine {(Sankaxanareyanan, 1981),



Latex Chandranchan (1984) developed & small scale
dredging unit for the collection of sand using the
above fluidisation technigue, It hss got a collection
ca:acity of four tonnes of dry sand per hour,

2.4.4 The RAU Salvinia Harvester
The four msjor components of this machine are,

a) A twin pontocned flosting platform on which
the harvester is mownted

) An engine driven high head pumpset which
serxves 88 the primerover for the esjector
system

c) A high capacity jet device which multiplies
the purr: discharge by about four times, The
secondary flow generated hy the jet device suck
the salvinia from water,

Q) A floating container placed at the delivery
side of the ejector system collects the weed,

Figure 3. Shows the schenetic rerresentation of
Salvinia Harxvester developed in AU, 1In this machine,
the delivery ot the pumpset is connected to a jet,
positioned near the venturl shaped throst of the ejector
system, Hich velocity of the water discharged through
the jet creates a partial vacuum inside the throat,
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This couses water to be sucked in through the inlet
of the ejector system, located just helow the water
surface, Along with the water, salvinia passes
around the jet to the delivery side of the ejector
system, During this rrocecs weed does not ;&ss through
any moving parte The delivery is connected to &
£loating container, ater from this container is
druined off by gravity and the veeds a2re collected
in it, The capacity cf this mé&chine vas found to be
about 16 tonnes rer hour and the estimate cost of
o' eration amounted to .. 280/ ha (Sankaranarayanan, .

1561) o
2ededel EJector Systems

Ejector systerm, which is the main part of the
Salviria tlarvester, consists of a jet device, having
a jet inlet fitted into a sucticn charber, o throat
~ortion and a diffuvser, Flgure 4. shows the ojector
avster used by Samuel (1972) o irmrrove the discharge
capacity of conventieorzl irrigation rumpsetz. He has
studicd the influerces of area ratiocs, throat =ntry
rrofile, nozZzle s-acing, throat length nd diffuser
anqgle, on the rerformence of the ¢ jector cyster, Some

of his findings are listed belovi~

i} The maxicum efficiency wes obtuiped vwith a
throat entry rrofile cof 90° at alrost zero

nozle spacing.
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For any given area ratio (arez of the nogszle
to the area of the throat), the throat entry
rrofile £ifference cifected only tr & lesger
degre: then the loc-tich of the nozzle regulred

te achieve maximun efficlioncy.

fieduction of the throat length fror 7 to £
times diameter had caused the et eificiency
point & Fewaln relativ:ly const it when the
no¥ele spseing veried £rog 2erc ton ore throat

GLENEeTGY e

A 5° diffceer angle gave maximunr efficiency

than 7.5° diffuser,

“he raximur efficiencier for esoth rea ratio
(Tel28, 0,063, 0,043, C.03%, and 7,028) vere
obtsined in & enfiguration hoving & throat

length o 7 tires diometers, # i urer engle
Lo BYoLid vt wero neozzle o oecing for a throat

entry included angle of T7°,

For the lovwest ares rotic of $,025, the meximun
efficiency of 24,96 per cunt wa: achieved at
e ¢ raclty retio {(total flow to ;rivery £flow)

Tei Ze Thig pumpy had - threoat length of 7

+h

o
tirees ciameters, & 5° diffuser ind & throat

entry ancle of G0° at zZerxro ncz.le s, acing.



vii) In the highest area r-tio of 0,125, the
naximun efiiciency was 40 rer cent, This
dilierence in erforrance wes attributed
to the low throeat entry angle anc the high
diffuser included angle used in the

particular cunfiguration.

Congidering all the above roints and keepiny the
primary flow straight, an < joctor system was develored
in =AU (sankaranaravanan, 1981), The deteils of this

ejector are qlven in Tigele

For the rrototy;e Salvinie Hervesting iachiune,
the cjectur systenm was designed to zuit the two S hp
rurpsets which were connected in series, The dimensions

of thie rrototy e gjector syster afe as shown in Flg.6.

In the lniticl ejector systerm, - streight line
direction was given to the nrdmoery ilow and in the
rrototyre a 99* flow rattern wags given, In the ;rototype
salvinic harvesting Machine a circular mouth (an elbow)
was used 8 the fee: ing mouth, It was suggested that
the efiect of the change of direction £ the rrimary
flow . ¢ well a&s the secondary flow and the effect of
rmaking the mouth other thep the circular cone, on the

coliecticn €. acity ties to be studled in detail,



100
—— 100
‘"@. }_ LY
Primary flow -— : — R : IRsS—H0 » Total flow
¥ T %
880 —»
T' Scale 1:5
All dimensions in mm

Secondary flow

FIG.5. INITIAL EJECTOR SYSTEM




Materiats and Methods




Secondary flow

——

= -

Primary flow

U0

Totd flow

a-]md

/“
—~——_

b.4
v

Suction chamber

FIG.6. PROTOTYPE

A

Nozzle,200 Throat,70 @

EJECTOR (Ey)

|

Diffuser

Scale 1110
All dimensions In mm




MATERIALS AND METHODS

This chapter deals with the methods and materials
employed for the investigations.
the following sub-heddings:

1.
2,
3.
4.
S.

Objectives
Preliminaxies

Ejector system
Fabricetion works and
Experimental progracme

3.1 Objectives

These are arranged in

The main cbjective of this study was to design
and develop & high capacity sjector system and matching
feeding mouth for the alresdy developed Salvinia
Hazrvester by the Kerala Agricultural University. The
specitic objectives vere

1) to design & high capacity ejector syster for
the Salvinia Harvester developed by KAU

2) to modify the feeding mouth and feeding
machenism for the collection of Salvinis
mlesss

3) to conduct preliminary investigetions on
additional approasches to improve mechanicsl
control of the floating type aquatic weed,
Salvipis molssts



3.2 Preliminaries

The main parts of the Salvinis Harvester are

1) Prime mover and pumpset
11) Ejector system

i11) Feeding mouth

iv) Floating platform

v) Floating fence

The prime nmover, pumps and the floating platform
used for the sand dredging equipnent were in good
condition and those were used for the present study
also, The details of prime mover, pumps and floeting
platform are given in Appendix-I,

3.3 Ejector system
3.3.1 Theoretical considexation

The ejector system operates om the principle of
transfer of energy and momentum from primery to
seccndary fluid through a process of turbulent mixing.
A schematic representation of an ejector system is
shown in Fig., 7. The primary fluid, which has a high
pressure, is accelerated to & high velocity £luid by
means of the nossle. The secondary fluid is entrained
by and mixed with the primazy fluid in the constant
diameter throat section. 7The mixed fluids then pass



through a diffuser in which a portion of the velocity
head is converted to pressure head, Figure 0. gshovs
the mixing velocity profile in the ejector systenm,

Acoording to Gosline and O'Brien (1934) the
characteristics of an ejector system can be repre-
sented by three :at.tos. The zratios sre the nostsle-
throat ares xauo. Rs Xn ) secondary to primary flow
ratio, n--l: andp:umnuo. nngﬂéz,

“n 1-Fs
wvhere

A, -« Azes of the nossle

A, = Azea of the throat

i, = Secondary flow discharge
Q, = Primary flow discherge

Py = Pressure at the noxsle

Py, = Buction pressure

Pg = Delivery pressure at exit

The conventional form empression for efficiency
based on the concept of useful work done as (He-n')
and input energy expended as U, (H -ad), is

Q. (M =)
Ny = . Pl
aﬂ “ﬁ ﬁd,

Hy = Delivery head
H - Suction hesd
Hp - Head at nossle

29
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The efiiciency can also be representsd as

G, (PewbP,)
[ T )

7 M XN (1)

Silvester (1960) pointed cut that when the primary
and secondary liquids are drawn from the same scurce,
the useful vork consists of both “n and 4 being
elevated through a head of (Hp « H,)s The centrifugal
pump then has only to supply a hesd of (Hp - H,) to u,
which results in the efficlency ratio

R, « H

G 4+ U

- -M:

7 bl
U Po=pP

T .ﬁ * R P,

7 - (141) = ﬁg!-

T = M x N® (2)

H* and N* are termed as cepecity ratio and heed
ratio in order to distinguish fror M and K,

In Gesigning an ejector system for a particular
applicetior, the most criticel feature is to consider
the area ratio, It &lso serves as 8 type of criterion
in the same manner as specific speed does for e centri-
fugal pump, An accepted ;rogedure for the design of an
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ejector system for any application was deseribed by
Stepanoff (1964). In this method, the flow phenomenon
is related to physical rarameters of the ejactor by
equating the momentum of the driving fluid to the
discharge £luld, which consists of both the driving
and driven fluids. Assuning no pressure change
within the throat the relation is

PNy ® F e+ ) v, (3)

vhere

Va - the density
v « the velocity through the nozzle and

\lrt - the velocity at the throat exit

A
since R = ¢ , by applying continuity equation it cen
t
be shown that

m-# -1 (4)

Thus for & required flow ratio Eqn.4 defines the
perticular ures ratic to de used.

Since analytical methods have not been suffici-
ently developed to predict head ratio, Sterenoff (1964)
developed an equation considering the efficicncy vealues
obteined 1y general reseerch workers and it showed that

Ne 1,58 ‘5)



would meet the desired criteries satisfactorily.
Since ) = M x N this in turn provided the
erperical eguation for efficiency as

7 @ 145 R (wdes = 1) (6)
vk

Thus for conventional applicetion of the ejector
aystem the set of eguations 4, 8 and 6 could be used
as design equations, all of which are realated only to
R, the independent parameter, 8s shown in Fig.9.
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These eqQueticns can be rearranged in terms of the

flov ratio to give

R = (1+m=2 (7
N = 1.5 (1+ m)~2 (8)
N W 1.8 0 (R ¢ m" (9)

which are shown graphicelly in Fig.10,

For use in lov lift pumping application these
equations were modified in scoordance with Egn.2. Thi
ledé to the following set of equations

%l - ade (10)
vk

K* = 1,5 R (1 + 1,8 R)™D (11)

e w1,8¢YTE (1+ 1,8R)"} (12)

R - e -2 (13)
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FIG.9. Design relationships for conventional ejector applications (Samuel, 1975)
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N = 1,8 M.-z‘i + 1.5 ﬁ*.z)“ (14)

7' - 1.8 Mo 4 1,8 me=?)2 (18)

These relations are shown graphicolly in Fig.l1l
and Fig. 12,

It may be seen from the graphs that when we use
a centrifugal ejector system combinetion, the efiicierncy
will be higher 4in low 14ft applications than the convene
tional applications,

3,3,2 Deaign procedure

The prototype ejector system developed by
Senkaranarayansn (1981) was designed to ratch two S hp
pumpsets vhich were connected in series, te designed
the ejector syster: of the following gpecifications.

Suction head (H') = 1.5 m

Delivery head (Hd) = 2,5 m

Heed at noszle (H,) = 40 m

Discharge .. = 500 lpm at 40 m head
Dismeter of the nozzle (D )= 20 mm

Head ratio (N) = 0,107

Nozsle throat area ratio (R)= 0,0713

Flow ratio (M) = 2,85

Dismeter of throat wt) = 75 mm
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Even though the preliminary investigations were
carried out by the pumpsets used by Sankaranarayanan,
main observations were carried out on a high :rressure
single stage centrifugal purp o;erated with an § hp
diescl engine, From the laboratory experi:ents
conducted, the design discharge was chosen to be
400 lpm at 40 m head, From this the nozzle diameter
(D) 1s celculated as follows

o, = cd x An x Vh

where

., = discharge through the nozzle

Cg = the coefficient of discharge

= the area of the nosele, and

V., = the velocity of flow through the nozzle

Yy - VIR,

g‘.

A -—-—-L-—v
T g ViR,

substituting the values for ua. Qe Hn and assuming

Cd « 0,95

A B c—100 % 100 x 300
B 0495 x 1000 x 100 x ¥ x 0.81 x 40

= 2,505 cm®
2
T B
An - T n
/Axd
o, = B 2:2%?.!.1

s 1,786 om (selected a diameter of 18 mm)
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The main charagtaristics of the ejector syster
can now be determined as follows:

Assurming suction head (u') egqual to 1.5 r to
include entrance, sudden sxpansion and friction losses
and delivery head (He) sual to 2.5 = to include
velocity and friction head losses,

= 0,096

- - b

0,096 (1 + 1,5R) = 1,8 R
0,096 + 0,144 R = .8 R
0,096 & 1,3% R

R - 0.0709
M - -L— - ;
VE /oone
= 3,76
TD3

A p——
since R - Kn .'-ﬁ9%1r~
t "Ti'
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D, =D, VR
=18 x /5,078

« 67,6 e (selocted a diameter of 70 wm)

The remaining dimensions of the ejector system
were found out by the relations developed by Samuel
(1978).

Throat length -SDtan'Io-BSOm
Nossle spacing = 0,78 D, = 0,78 x 70 = 52,8 mmn
Throat entry profile = 90°

Diffuser angle - 7

The expected efficiency of the ejector was found
from the eqgn.2

Q*-m:n*
= 37.6 x 0,96 x 100
» 38%

3,4 FPebrication vorks
3.,4.1 Ejector system

The nosgle was fabricated with 10 gauge sheet
metal, The cone angle was taken as 16° and the nossle
length was calculated as 11,4 cr inorder to weld it to
a plece of standazrd 50 nm GI pipe. A 850 mm GI coupling
was provided on the suction chamber to vhich the nozsle
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wvag fitted., The pipe of the nossle assembly was
externally threaded to & length of 50 mm which enabled
the adjustment of the nossle throat spacing, +hile
conducting preliminary investigations with the
prototype sjector, it was noticed that clogging of the
wveeds inside the ejector, wag & serious problen, In
order to avolid clogging inside the ejector system and
to study the effects of direction chenges in primaxy
and pecondary flows, three different ejectors were
fabricated with the sbhove designed values (Plate I1).
The directions of the primary flow as well as
secondary flows were changed in these ejectors as
shown in Fige. 13, Fig. 14 and Fig, 15.

In the ejector (E,), the primery flow was riade
straight and & direction change of about 40° was
given to the secondary flow by using a portion of a
10 om diameter 90° elbow as the suction charber,
Suitsble attachients were welded so that it could be
fixed to the throat and diffuser used for the esrlier
experiments,

Ejector (Ea) was algo fabricated with the primery
flow straight and e change of direction of sbhout 20°
was given to the secondary flow with the help of a
poxticn of 10 o diameter 90°* bend,
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The ejector (E,) ves fabriested with 16 geuge
" S.8heet with the secondary flew straight and a 30°
change of directicn to the primary flow, The ejector
suction ané discharge pipe sise were chosen as 10 om
for convenience in handling and fitting of pipe
connections, The suction line was extended Ly means
of flexible pipe to the front porticn where the mouth
was to be fitted.

3.4.2 Feeding mouth

In the previous experiments of prototype Salvinia
Harvestsr, & 10 cm dismeter GI elbow waes used as the
feeding mouth. In order to get control over the
feeding mouth, & nev reg¢tangular shaped mouth with two
adjustable flaps was fabricated, The provision of
adjustable flaps cnabled the adjustments in mouth
opening. The test results with the rectangular feeding
mouth showed that the optimum sise would be 30 em x 7,8 em.
Hence an elliptical feeding mouth having rajor axis 30 om
and rminor axis 7,5 om was also febricated. The details
of these feeding mouths are shown in Fig, 16 and also in
Plate 11,

3,403 rl@‘uﬂq fence

For the collection of the harvested weeds, &
floeting fence of sise 1350 x 150 x12C om was fabricsted
and its floatation was given by six air tight

38



primary flow \

AN
0

—_—

secondary flow

—. 70 . ____.&—-p. total flow

e 150————1<+—— 150 ——

All dimensions in mm

FIG.15. 30 EJECTOR SYSTEM ( E4)




‘.100*[

—
100
_f

Circular mouth (M)

Adjustable flap

Rectangular mouth (M)

LT

AP

S

100 Scate- 1:10
i__ All dimensions are
in mm.

Elliptical mouth (M3)

FIG.16. DIFFERENT FEEDING MOUTHS.




Plate I. Ejectors ‘1‘ By By and n‘

Plate 11, Feeding mouths Mo H, and Mg
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polyethylens dzums of 50 ) especity. The totsl weight
of the flosting femse wes 80 kg, (Fig.17). Wwelded
mesh (20 s x 30 sm) was used to cover the sides and
provision was also made §0 open one side for the easy
semoval of haxvested salviais from the flosting fence,
This floasting fence wes found essential for collecting
the hervestsd sslvinis, when the unit was operated as
a self propelled one.

3,5 Experimental programme
3.5.1 Laboratory testing

Laboratory testing of the pumpsets were conducted
to determine the capacity ratios with water alone. The
performence of the two 5 hp pumpsets connected in series
gnd the single 8 hp punpset were tested at tha '
Agricultural Engineexing Ressarch Workshop, lannuthy
(Plate I1I). The pumpsets Wexe fitted on the available
platform end operated to pump water from the tank into
8 200 1 ecapacity M.5. barrel and time for filling was
noted. All the ejector systems (E,, E,, By &nd £,) vere
tested for the primaxy flow zase as well as the
secondary flov rate, inosder to f£ind out the capacity

ratios,
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3.,5.2 Field testing

3.5.2.1 Preliminaxy emperinents

Preliminary investigations of the Salvintas
Harvester were made with the prototype ejector (K, ).
The floeting platform swailable at the Engineering
Resesrch wWorkshop, Hammuthy was used for giving
sdequate flotation and as 8 base for fixing the ejector
system &s well as the pumpsets, Its floatation was
tested at a local pond near Ollukkara Panchayet Office,

Mannuthy,
3e5¢2.2 rain experimental prograsme

The main experimental programme of the field
testing of the Salvinie Harvester were conducted in
the Kole lands of Trichur District. The field teseting
vere conducted in two stages at two different locatione
of Kole lands, nemely Nanthikkara and Pudukkedu.
Plate IV shows the test field at Nanthikkara, heavily
infested with sslvinia,

The series of experiments conducted at
Nanthikkeara (32 km from Vellanikkara) during the €irst
stage of testing included the investigations on
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Plate 11X,

Plate 1V,

Laboratory testing of sjector system

S8alvinia infested test field st
Kanthikkaza






1. Spread density

2¢ Bulk density

3. Root retio

4. Hazvesting of salvinia into & 200 1 cepacity
barrel

S.  Harvesting of salvinis into a wire net fixed
on the shore and

[ 1 Harveasting of salvinie into the floating fence,

Fixst stage of testing:
Test No.} s Spread density

39:.06 density as defined in Chapter-~Il refers
té:iu&%}z&;y hagvested Aarip 4ary salvinias per unit
area. The weed within one sqg, m., wag encircrled by
means 8 colr tied around poles fixed at onc netre apart
and it was collected manually in & perforated trough.
The vweeds were collected froin five different locations

and weighed to give the spread density values.
Test No.2 3 Bulk density

Two sets of bulk density msasurements vwere mode
in this test; 1. Dbulk density before harvesting and
2. bulk density efter haxvesting with the machine,
To do this, a cage of sizne 0,5 a X 0,5 m x 1 m was
fabricated using angle irons for frame and the sides
and bottom were closed with wvelded mesh, The selvinia
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vas filled in it and i¢s weight vas noted eftcr the
water drained off, This emperiment was 8lso repeated
for five different loceticns in order to get the
average value,

Teat No,3 1 Root ratie

Root ratio 1is defined as the ratio of the weight
of submerged leaves (xoots) to the total weight of
veed, after water drained off by gravity. According
to different growth phases, the root length as well as
the root retio will be varying and hence for different
root lengths the root ratios were detexmined, The
root rztios were expressed in pexcentage, Plate V and
VI show the difference in root lengths in different
growth phases,

Test Ho.4 1 Harvesting of salvinia into e 200 1
capagity M.3. barrel

The harvested weed along with water was collectsd
in the barzel to get an ides of the harxvesting capacity
of the different sjector systems fabricated (81. B, and
53) end the affect of feeding months M, and M., The
hazvesting capacity of the following corbinations of
ejector systems and mouths vere tested.
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Plave V, Salvinia in the initial stages of first
growth phase (oot length < 20 em)

Plate VI, Selvinis in the initial stages of third
growth phase (root length > 60 om)
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1. ‘l."l
2. ny-n
3. 32-’41
4, By = M,

Se ‘3-"1 and

These combinations were alsc tested under different
depths of feeding mouth below the water surface, Each
experiment wvas repested five times to get the asverage
harvesting capecity.

Test Ho,S 3 Hervesting of salvinia intc & wire net
fixed on the shore

In ordex tc ascegtain the continuous operation
of the hervester, salvinis was pumped into ¢ wire net
fixed on the ghore, with all the cosbinations tried
in the previocus test.

Test No. 6 s Hasvesting of salvinia into the floating
fence

The delivery of the ejector system was plaged
inside the floating fence through a hole made at the
fzont side of the floating fence and this enabled the
pumping of salvinia directly into the floating fence.
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Cbsexvations were 8ls0 ¢arried out to £ind the capecity
of floating fence snd the weight of weeds was noted when
the floating fence was about to sink. All the different
combinations were again tested to £ind out the harvesting
capacity at & static hesd of sbout €0 om, Field
operation of Salvinia Haxvester is shown in Plates VII
and VIII,

Second stage of testings

The second stage of testing was conducted st
Pudukkadu (28 km from Vellenikkara) in an isolated pond,
The properties of salvinia like sypread density, bulk
density end root ratio vere also found for thisz area,
The ejector Eq &nd the feeding mouth Mae fabricated
after the first stage testing were subjected to test
during this stage. The combinetions 34 & Ve, Eq & Mg,
84&M3, 81 &HB. ;ﬂzﬁns“tsﬁﬁsm. tested as
in the test lio, 4, 5 and 6 of the first stage,

The results abtuaod are tsbulated and di_muod
in detsil, in the next chapter,



Plate VII, Salvinia Harvester in the field

Plate VI1I, :ﬂﬁﬁa being pumped into the floating
ance
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RESULTS ARD DISCUSSION

The results of‘xla‘houwry'-mun'u well as the
field tests of the Salvinis Harvestsr in two stages are
discussed separetaly in this chapter, |

4.1 Laboratory tests
4.1.1 Head=Gischarge reletionship of purpset

The results of the ladoratory testes conducted
with the 8 hp high pressute punpset 8re given in
Table 8 and it is graphically presented in Fig. 18,
From the test results the design discharge was chosen
as 400 1lpm et the required nosele head of 40 m.

€¢.1,2 Testing of ejector systems

The results of laboretory tests to findout the
espacity ratios of variocus ejector systems (Ex. By E,
& E‘). erxe given in Tables 6 to 9. The ejector E,
was designed end tested for two S hp purpsets connected
in series whereas the other ejectors were designed and
tested for the 8 hp high pressure pumpset,

It may be seen from the tables that the capacity
ratic for ejector B, 1s 3.76 vhere the primery flow
was given e change in direction of 90°, and for the
other ejectors namely Eqp 33 and LA the valuss are
3.62, 4,03 and 3,75 respectively, Among the two



Table S.

Ferfornance of 8 hp high pressure pumpset

51 —Suction m; M*ggx w wuantity Average Pischaxge

no' o of Hg m O of water time

* collected taken ips ipm
£3) is)

1. 4,0 0.544 1.0 10,0 200 25,30 7.9 474

26 4.0 0.544 2,0 20,0 200 25,63 7.8 468

3. 3.5 0.476 3.0 30.0 200 26,90 7.4 446

4. 4.0 0.544 4.0 40.0 200 29,00 6.9 416

S. 5,0 0.680 8,0 50.0 200 44.90 é.8 267

9%
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Table 6.

Capacity ratio of Ey - !‘"‘1 combination, stitic 11ft of one metre

sressure Primary flow ey Otel flow

Slo . 21 LS R R Lo Capucity

no. devel Tuentity .o o wuantity oo rotio
*  (xg/em®) Of vater .. Dischaxge of water ... Dischaxge
collected collected ‘
(1) (s) (1ps) (1) (s) (1ps)

1. $.0 200 25.5 7.54 200 6.6 30.30 3.86
2. 5.0 200 25.1 7.97 200 6.8 29.41 3.69
3. S.0 200 25.2 7.54 200 6.7 29 .85 3.76
4. 8.0 200 25,3 7.91 200 6.0 29.41 3. 72
Se 8.0 200 25.2 7.94 200 6.7 29.85 3.76
syerage 7.92 29,76 3,76

LY



Table 7.

Capacity ratio of Ez - Ml corbincticn, static lift of one metre

S5le Fressure ;m Frimery flow (Primary + Secondery) Capecity
Noe  develorsd  collectes "y eaxen  Disch Time taken Disch ratio
ke e sxge arge
(kgfom” ) ) (s) Q) (s) (1)
1 4.1 200 26,5 7.85 7.5 26,67 3.5
2 4.0 200 26.8 7.46 Te2 27.78 3.72
3 4,0 200 27.6 725 7.6 26,32 3.63
4 4.1 200 26,7 7.49 7.5 26.67 3,58
5 4.0 200 27.1 7.38 7.4 27,03 3.66
Awverage 7.43 26 .89 3.62
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Table 8. Capacity ratio of 33 - Mx corbination, static lift of one metre

Sl. Pressure .uantity rimary flow mg.w Cepaci ty
ro. dmla;;od 251::‘,“&3 Time waken Uischerge Time taken Diacherge ratio
kg/cm a (s) (1) (g) )
1 4.0 200 26.5 7.58 6.8 31428 4.14
2 4.0 200 26.6 7.52 7.0 20,57 3.80
3 4.0 200 26.5 7.58 €.6 30.30 4.01
. s.1 200 26.9 7.43 6.5 30.77 4.14
5 4.0 200 26.7 7.49 6.6 30,30 4,05
Aversge 7.51 30,24 4.03

6%



1 combination, static lift of one metre

Table 9. Capacity ratio of E, ~ K
81, Fressure wuantity Primsxy flow Totel flow Capacity
Ko.  devel g:;;::::d “Time taken Discharge Time taken Discharge  ratio
kg/cm Q) (») (1) (s) (1)
1 4.0 200 30.5 656 7.8 25.64 3.0l
2 4.1 200 31.0 6445 8.0 25.00 3.88
3 4.1 200 22.8 €.71 8.5 24,10 3.59
4 4,0 200 30,2 6.62 Be3 24,10 .64
S 4.0 200 30.4 €.58 8.1 24 .69 3.7%
Average 6.58 4.7 3.75

0§
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ejectors E, and E! with primary flow straight and
secondary flow ineclined the ejector E, vhich was given
less change of direction to the secondary flow yielded
a bettcé capacity ratio of ¢.,03 than the other ejectoer
E, with a value of 3.62. These results showed that

the change of direction of the primary as well as the
oécondaty flow has got direct influence in the cepacity
zatio. Wwhen the change of direction of the prirary
flow increescs, the capacity ratio decresses. Similsr
is the case with the change of direction of the

secondary flow also.
4.2 First stoge £ield tests
4.2.,1 Froperties of salvinia

4.2.1.,1 Spread dersity

The sprecd density velues obtsined at Hanthikkare
during the first stage field experiments axe given in
Table 10,

Table 10, Spread density of salvinia in an isolated
pond at Nanthikkara

Triel No. oove od ::iggziﬁlA densi ¥
(=?) (kg) (egrn?

1. 1.0 $9.0 £9.0

2. 1.0 62.% 62.8

3. 1.0 $6.5 86.5

4. 1,0 ' 60.% 60,5

8. 1.0 63,0 63,0

Average 60.3
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This shows that the avezage s_pzud density velues
vere around 60 kg/m?, which was higher than the value
of 16 kq/n2 (160 t/ha) reported by Sankaranagsysnan
(1961), The higher values are dus to the change in the
growth phase as well as the incressed rooct length. The
isolated pond st Nanthikkara was heavily infested with
salvinie in the thirxrd growth phase wi:ich had root
length even up to 80 om,

4.2.,1.2 Bulk density

The bulk dengity velues of the floating salvinia
and harvested selvinia were found, The hulk density
values after harvesting would be important for
calculating the oost of txwt of the harvested
salvinia, 7The values cbtained ere listed i{n Table 11
anéd Table 12,

Average bulk density valus of the floating weed
was 370 kg/m’ and this vas in agreement with the
values obtsined previously by Sankarsnarayenan (1981).
This indicated that the changes in the growth phese
vwould not have much effect on bulk density. The bulk
density of harvested salvinias wag found to be about
330 kg/m>, The reduction in weight could be
attributed to the removel of some amount of water from
salvinie while it passes through the suction charber.



Table 11. Bulk density of the £ vinia
{volume of the cage tmgg :31 and
weight of the cage is 10.5 kg)
81 Weight of Weight of
uo: Cage ¢+ 8alvinia salvinia Bulk """;“7
(kg) (xg) (xg/m")
1a 58,0 47.8 390
2. S54.5 44,0 382
3. 56,53 46,0 368
4. 38,5 48,0 364
S. 36.0 45,83 364
Average 370
Table 12. Bulk density of harvested talxmu
(volume of the cage 18 0,28 m® and
weight of the cage is 10.5 kg)
51, veight of Weight of
No. Cage + Selvinia  sslvinia Bulk d‘“g“Y
(kg) (xg) (kg/m")
1. 96,0 85,9 M2
I8 91,0 80,9 322
3. 925 82,0 328
4 93,8 83.0 332
Se 8840 77.8 - 310
Average 330

93
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4.2:.1.3 Root ratio

The data relating to the measurements of root
length as well as xoot rxatio, under differcnt growth
phases, are presented in Table 13, 7The values showed
that the weight of the salvinis weed in second and
third growth phase is mostly the weight of roots
(setuelly the submerged leaves), The weight of roots
in most ceses contributed rore than three-fourth of
the total weight of the weed in the third phase of
gzovwth, The relation between root length and root
ratio is presented graphicelly in Fig. 19 and it
gives that asg the root length incereases the root
gatio &£1so increases. The significence of root ratio
and root length in the harvesting capacity is discussed
in the subseguent secticns of this chapter,

4.2.,2 Harvesting of salvinia into a 200 1 capacity
barzel

4.2.2.1 Ey - "1 combination

The results obtained wvhen B, - M, combination
was tested under different depths of feeding mouth
below the w&t;er surface are given in Table 14, From
the visusl obpervstions itself, it vas found that no
weed was sucked in, when the feeding mouth wag kept
at less then or equal to 4 om below the water surface,



Table 13, Ratic ratio of salvinia under dififerent
growth phases

Growth Weight veicht Weight ...  Average

oot Ro. le leaves root ratio

length (g (g) (g) (%) (%)
1 370 220 150 40,5

Fizst

grovth 2 420 220 200 47.6 46,0

phase .

(< 20 em) 3 480 240 240 $0,0

Initial

stage of 1 480 1258 358 74.0

Second

growth 2 338 118 220 65,7 69.0

phase

(20-40 c») 3 428 138 aso é8.2

Later

stage of 1 470 130 340 72.3

Second .

growth 2 $80 130 420 76 .4 76,0

phase '

(6060 em) 3 360 80 300 78,9

Infcial

stage of 1 580 100 480 82,7

Thigd

growth 2 510 60 450 88,2 83,0

phase

(> 60 em) 3 3s0 80 a7 77.3
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Table 14, Harvesting eapacity of E1 - combination
under different depths of £ ng mouth

5;5:5 T A
mouth below §l. Time Salvinia ’:::;:’ harves.
water No. taken collected cepacity sting
surface capacity
{s) (kg) (seme)
 § 10,2 22,0 7.76
2 9.8 19.0 6,96
é 3 10,4 21,0 7.27 7.26
4 10,8 22,0 7.33
-3 9.6 18,95 6.94
1 9.6 28,0 10,50
2 9.9 30,0 10.91
8 3 9.8 26,.% 9.73 104,40
s 9.4 29,0 11.11
S 9.6 26,0 9.7%
1 9.1 2%,0 9,89
2 Tel 2245 11.41
10 3 9.3 2645 10.26 10.62
4 8.0 24,0 10,80
s 7.2 23,5 11,75
1 9.2 a3.5 8.41
2 8.5 19,5 8.26
12 3 8.8 22.5 9420 8464
4 7.9 18,0 8420
S 8.4 30,5 911
1 7.8 13,0 6,00
2 8.3 15.5 6.72
14 3 841 17.% 7.78 6,61
4 8.5 14,5 6.61
-3 7.9 13,0 8,92




This is due to the low suction crested at the mouth
and the prevention of free movement of weeds by the
mouth edges. Hence observetions vere made only from
6 cm depth onwerds, Whan the mouth vas kept at
depths of 8 cm and 10 em collection wes maximum and
was in the order of 10.40 t/hr end 10,82 ¢/hxr, tvhen
the depth of mouth below water surface was further
increased, the harvesting capecity vas again found to
decrease, This is Gue to the reduction in the area
influenced by the suction as the depth of mouth
increases., The trends in the harvesting cepacity due
to different depths of feeding mouth below vater
surface is ;resented in the greph given e Fig. 20,

Eventhough the earlier test reqults by
Senkaranarsyanan (1981) showed that the machine
achieved 8 maximum harvesting cspacity of 16 ¢/hx at
Kuttanadu region, the rresent test with the gare
ejector and mouth gave only 10,82 ¢/hr at & static
14f¢ of 1 m. The reduetion inm hegvesting capacity ia
due to the change in growth phases of the salvinia
along with the rrecence of long roots. The spread
dangity values re;orted by Ssnkaxansraysnan (1961) at
his test loczlity (Kuttenadu) was only 16 kg/m°,
Whereas at the present locality (Nanthikkars, Trichur
Kole lands) the value wes 60 kg/m’. This itself
shows the variation of weed concentration in the two
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test localities. Regazding the static lift condition

16 ¢/hr was achieved at slmost zexo lift condition,
while 10,82 t/hxr was obtained st a static lift of

about one metre, Another ismportant factor noticed during
the testing of E; « M, M&natm was intermittent
clogging of the weeds inside the ejector system, The
clogging was obsesved due to the presence of longer
submerged leaves (roots). The chance of clogging

with such long roots 48 high 39 the present combination.
In the above test, the maximum time operated without
clogging or any cthexr problem was only 20 mdinutes.
Hence it 1s evident that the prototype Sulviniea
Hazvestcr with By « M, combinstion cannot be used for
effective hexvesting cf Salvinie under all field

conditions.
4e2e2ede 21 - 3‘*‘52 combination

Tebles 15 to 20 give hagvesting capacity values
of Ey = Hg conbinzticn under éifferent mouth openings
and for various depths of feeding mouth below water
surface, The avercge capscities obtained with Eg = My
conbination ig repsesented in ¥ig, 21, The graph
shows that the reak values are alweys attained st
10 em depth of feeding mouth below the weter surfece.

The width of the rectangular mouth was kept at
7.5 ow and the length of mouth was adjusted from
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Table 18, Hezrvesting espacity of £, - N, cosbination
for & mouth opening 15 om x 7,8 om, under
different depths

- A
Depth of 51, Time  Salvinia ﬁ:{;:‘ harvee
mouth No. taken totlected sting
capacity capacity
~lam) ' i) (k) (s/hx) (S/bE)
1 8.4 8.0 3.43
2 9.2 14.8 5,67
6 3 8oL 10,0 4,44 4.2¢
¢ 8.1 8.5 3.83
s 8.5 9.0 3.81
1 9.5 17.8 6463
2 9.6 19.0 7460
8 3 8.8 16,5 5.93 6.89
‘ 9.1 17.5 6.92
s 9.3 19,0 7038
1 8.9 19,0 7.68
2 10.3 22,8 7.86
10 3 10.3 20,8 7017 7.78
] 9.3 22,0 8.52
5 9.6 20,8 7.69
1 9.2 17,8 6408
2 8.9 19,0 7.69
12 3 8.7 17,8 7024 7.38
4 9.2 30,0 7.83
s 8.9 18,0 7.28
1 845 11,8 4,87
2 8.1 9.0 4,00
14 3 9.2 11,8 4.50 4.56
4 8.8 10,8 4.30
s 9.8 14.0 .14




Table 16, Hazvesting espacity of El - Mg combination

for a mouth opening 20 em x 7,5 cm, under
difterent depths of mouth

Harve- Average
Depth of 81, Tine Salvinia sting herve-
mouth Ko, taken coollected copacity sting
capacity
lem) . (k) (shx) __ (S/h)
1 9.1 13,0 S.14
2 8.8 11.8 4,70
6 3 9.6 16,0 6,00 5,28
4 8.4 11,0 4.7
s 9.2 18,0 5,87
1 8.9 19,8 7.69
2 9.6 23.5 8.81
8 3 9.5 24,3 9.28 £.38
4 8.3 15.8 6.72
s 9.8 25,0 9.18
1 9.8 5 98 7.90
2 10,8 28,0 887
10 3 9.8 23,8 8463 8.23
¢ 9.2 31.8 8.41
s 91 21,5 7466
i 94 21,8 8023
2 8.2 15.8 6,80
12 3 8.7 18,0 7445 7.45
4 8e3 17.8 7.59
S 9.0 18,0 7.20
1 8.2 11.0 4.83
2 8.8 13,8 5,52
14 3 848 13,0 5,51 Se21
4 9.0 15,8 6420
s 8.1 9.0 4,00
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Table 17. Harvesting espacity of E, ~ i, combination
for & mouth opening 25 em x 7,8 cm under
different depihs of mouth

A

Depth of Sl. Time  Salvinis m hasves

mouth No. taken collected cepacity sti

capaci

() PN S 1Y ¥ S Y,

1 2.8 17.0 8.24
2 9.3 13.5 "!.00
6 3 8.9 14.5 8,87 5.84
4 9.4 17.5 6,70
] 7.9 11,0 5,01
1 Seé 19.8 7.47
2 9.8 23,0 8.45
8 3 8,8 20,0 8.18 8433
4 10,0 25,0 9.00
s 9.7 23.0 8.54
1 10,2 25,0 8,82
2 9.8 23,8 9.37
10 3 9.4 23,0 8,81 8.91
4 10,0 24.8 8,82
s 9.5 23,0 8e72
1 8.8 19,0 7.7
2 9.2 1.8 8.61
12 3 8.9 19,0 7.69 7.98
4 .4 1.8 8,23
s 9.0 19,8 7.60
1 8,8 16,8 6.75
2 8.4 14,83 6,44
14 3 8.8 16,9 6,91 6,63
4 8.2 16,0 T7.02
) 7.9 13,0 S.92
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Table 18, Harvesting cepaecity of E; « Mgy conbination

for 2 mouth opening 30 em x 7.5 an underx
different depths of mouth

Average
Hexve- herve=

sting
cepacity capacity

Depth of 8l. Time Salvinia
mouth RO, taken oollected

em). i) Ska) (s/hx) _(8/E)
1 9.1 17.5 6.92
2 9.4 21.5 8,23
6 3 042 19.0 7.43 7.20
4 10.1 19,8 6,98
5 8¢9 16,0 Y
1 9.7 22,5 8.35
2 10.4 26,8 9,17
8 3 10.6 27.8 5,34 8.97
4 9.9 24,0 8,72
s 9.5 24,8 9,28
1 10,2 27.0 9.53
2 10.4 26,0 9,00
10 3 9.9 25,0 9.09 9425
4 10.1 26.0 9.27
s 10,2 26,5 9,38
1 9,8 23,5 B.91
2 9.5 24,9 9.28
12 3 849 22,8 9.10 8.80
4 9.2 21,8 8.41
s 9.3 21,8 8432
1 Bel 14,8 S.44
2 8.5 15.0 6,35
14 3 0.9 18,0 7.28 6,60
4 0.8 16,8 6.99
5 BeB 14,8 5493




Table 19, Harvesting capacity of E; =~ I, combinaticn
for a mowth opening 35 em x 7,5 em under
different dapths of mouth

Harve~- Average
bepth of 8, Time Salvinia sting harve-
mouth No. taken collected sting

capacity capeacity
em) {s) (k@) (emp)  (s/he)

1 10,0 20,8 7.38
2 10.4 18,0 6423
6 3 9.8 18,0 6,61 €.62
4 10.3 19,85 6,82
s 10.7 - 21,0 7.07
1 9.9 21.5 7.82
 { 10.8 a5.5 8450
8 3. 10.1 23.0 420 8.18
4 10,5 23,0 7.89
S 11.0 26,0 8.51
| 10,5 24,0 8.23
2 10,3 23,8 8.21
10 3 10,8 27,0 9.0 6450
4 10,3 34,95 8456
8 10.4 2¢,9 8.48
1 9.9 22,0 8.00
2 10,7 25,0 8.41
12 3 9.8 21,8 7.90 8413
4 10,0 22,8 8,10
S 1,8 24,0 8,23
1 8.2 12,8 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
S 9.3 17.0 €.58




Table 20, Hazvesting eeapacity of ‘1 - M, combination
for a mouth opening 40 cx x 7,5 or under
different depths of mouth

n Average

Lepth of 8l. Tine Salvinia sting hagve-
mouth Ro. taken ocollected capscity sting
capecity
Som) (s) {xg) ($ %47 9) {s/he)
: 1 10.8 18,8 8417
2 10,3 18,0 $.29
6 3 9.8 13,0 4.78 5,38
4 11,2 18.5 5,95
3 10,3 13.8 4.72
1 10,7 17,0 8,72
2 11,2 16,0 S.14
8 3 10.8 1445 4,83 5440
4 10,8 17.5 5,83
3 11,8 18.0 5,49
1 11,3 22,0 7.01
2 10,8 23,8 7.83
10 3 10.3 21.0 7.34 7.18
¢ 10,7 20,0 6e73
s 11,0 21,0 6,87
1 10.4 21,0 7427
2 10,1 18,0 6.42
12 3 10.3 21.8 7.5 7400
4 Se? 18,8 6,87
s 9.8 18,5 6.94
1 9.9 13.0 4.73
2 Sel 10,8 6.15
1¢ 3 8.9 9.5 3.84 4,32
4 9.2 11.0 4.30
5 9 Oa ‘2 .5 ‘ 059
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15 to ¢0 cm with en imeremsntal varxiation of S om.

vWhen the length of opening increased from 15 om onwards,
an increase in collection of weed wes noticed and the
maximux was obtasined at a mouth opening of 30 om,
Thereafter the value gredually decresgsed, 7This happened
for all the de;ths tried snd could be due to the
decreése in sucticn force per unit ares as the mouth

opening area incressed.

The dats was sudbjected to analysis of veriamce
(Teble 21). The main effects of the depths of feeding
mouth and the length of mouth opening as well as their
interaction were signifieant at SX level, Considering
the over all performaence, the mouth length of 30 o was
found superior to all other lengths tested, :ZEimilarly
10 em derth for feeding mouth wes superior to all the
other de;ths ccnsidered, Though the interaction wvas
sign iicant, 30 cm mouth length was either rost
superior or one among the superior lengths for every
derths, 8imilarly 10 om depth for feeding mouth wss

either most superior or one among the superior de: ths

for every lengths of mouth opening.

It waz thus found for s rectangular feeding
mouth of 7,5 ¢ width of opening, optimum length of
mouth was 30 o, At this optimum value of 30 om x 7,5 em
mouth ares, & maximum harvesting capacity of 9.25 t¢/hr



Table 21.

Analysis of varience

Source DJFe Sum of sguares rean sur of squares 3
Lenagth s 97.300 16,460 60 . 154%
Depth 4 193.830 48.458 164,729+
Length x depth 20 24.42¢4 1.221 4.510*
Exzor 120 34.300 0.294
Total 149 350.854

* Significant at 1X level CoVe = 7,723

Hean of two-way table

Lengths (e=) T ) () 5T
18 4.34 6.89 7.78 7.38 4,56 6.17
20 5.28 8.38 8,23 T.45 Se2l 6.93
25 5.804 £33 8,932 7.98 6461 7.53
30 7.30 8497 Oe2S 8430 6460 8416
as 6.82 G418 G «50 Delld $.84 7.49
40 S.38 5.14 716 T.00 4,32 5.3%

Yean 5;79 7.69 B30 721 $.82 7.02

Critical diffexence at 5% level, for length -~ 0,304, for derth - 0,277 and for
conbination - 0,879
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wag achieved, When the ares vas decreased or increased
by edjusting the length of mouth opening, the harvesting
cepacity was reduced, For the smaller mouth areds,
eventhough the suttion force per unit area was more, the
routh opening was ipospable of permitting the entry of
sufficient guantity of salvinia water mixgure becasuse
the high velocity of the mixture increased the
frictionel repistonce at the mouth., Vhen the length of
opening wes increased from 30 cm, there was a decreesing
trend in harvesting capacity. This wap beciuse the
suction force per unit area wag inadequate ior sucking
more weeds into the harvester,

In this combinetion alsco, intermittent clogging
inside the ejector was obsexved, This is because the
long rooted weeds partially encirzcled the primary
flow pipe whiech 18 projecting into the suction charber,

4:2.2.3 E, =M, and By = K, cosbinctions

The ejector E, along with the circulsr as well es
the rectanguler routh was tested but there was
frequent cloguing inside the ejecter with the vweeds.
In this ejecter a change of direction aprroximately 40°
was given for the secomdary flow. Thus the momentum of
the flowing fluid with the veeds wes lost due tov the
sudden change in direction. 7The slowed down weeds thus
easily got stuck around the annuler space between the
nozzle an< the suction chamber, Visuel observation
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itself showed that this ejecter could not be used for
the efficient collection of salvinia beceuse of this
frequent clogging and hance no further experiments
with this coubination was continued.

Godeied 83 - M1 coubination

In this cese, the 10 om dismeter elbow was used as
the mouth and the test results are given in Toble 22,
The mouth was kept &t the optimum depth of 10 ¢m below
the water surface, Average harvesting cepacity
obtained vwas 11,28 t/hr, which was greater tinan the
previcus cbservations. 7The higher hsrvesting cepacity
wag due to the snooth change in direction given to the
secondery flow, This in turn reduced the loss of
morentwn ior the flowing flulid in the secondury flow,
Moreover the present design enabled almost free
movemerit for the weeds within the suction chamber.
But this combination showed intermittent clogging of
veeds, The higher suction force per unit &res created
at the mouth permitted the entxy of more weeds than
that coulcé pass through the annular spece in the
suction cherberx.

$e20245 23 - H: combination

In this combination the circular mouth was
zeplaced by the rectangular mouth and the results



Table 22, Harvesting capacity of E, = Iy combination
Y B Average
sl. Time Salvinia Hesvesting
No. taken collectsd capacity 2; e u::iyng

(o) (xg) (t/hr) (t/hr)
1 8.4 2.0 12,00
2 9.8 30,8 11.22
3 9.4 7.5 10,56 11.28
4 8.6 29,0 11.88
S 8.9 26,5 10.74
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obtained are given in Table 23. Readings were tsken
at the optimum depth of 10 cm below water surface, and
for verying mouth lengths from 15 em to 40 em. 7The
resulte revealed that the optimum length of mouth
opening was 30 cm with a harvesting capacity of

9.92 t/hr. Even though the harvesting cepacity
obtained was slightly less than that obtained in the
cege Of 83 - tv‘-.l combination, there was no ¢logging in
this conbination. The harvester could be worked
continucusly for hours together without any problem,
Among all thé combinaticns described earlier this
combination was found to be the best. The higher
harvesting capacity shown by 83 - My conbination in
comparison with 33 - ki, was not useful for precticel
purpcoses &g in the former coase ﬁum“ent clogging

ogcured,
4,2,3 Harvesting of salvinia €0 the shore

All the condbinctions were used to pump salvinia
to the shore for finding out its ability for
continuous operestion, at & stagtiec lift of one netre,
Results cbtained are presented in Table 24. 1t is
concluded that E, = M, and B, - M, conbinations vere
not found sultable for harvesting dus to the frequent
clouging. 81 - Ml' l1 - ll: and ’3 - "1 showed the
tendency of clogging intermittently. Among these three



Teble 23, Harvesting cepacity of E, ~ Fq combination
for éifferent mouth openi’.ng for the optimum
mouth depth of 10 om

louth Sle Time Salvinia Harvesting Aversge
opening No., takemn <collected cspacity haxvesting

_(em) (O N, T W {7,/

1 8.8 19.0 7.80
2 92 22,0 8,58

15 3 9.3 21,0 B4l E.44
4 8,49 23,0 9.30
-3 8.8 20,8 8.40
1 9,8 24 .0 9,00
2 Geb 22.% 8,64

20 3 9,0 21,0 8,40 G463
4 8,6 20,5 £.52
S B9 a1.0 0,58
1 8.9 23,0 8.88
2 9.0 22,5 9,00

25 3 9.2 24,0 9.42 0.18
4 €49 23.8% D.48
S 8,7 22,0 9.12
 § 9.8 25.0 9.18
2 G.9 27.8 10.44

ic 3 9.1 25,0 9,90 9,92
4 9.4 26,0 9.98
S D6 27.0 10,14
1 10.5 24.5 8,40
2 10.2 23.0 8.10

as 3 P9 22,5 8,16 Be38
4 10.3 24.0 8,40
S 16.4 25.0 6,64
1 10,9 23,0 7.62
2 10,5 22,8 Te7¢

40 3 10,8 23,0 7.68 7.%7
4 10,6 1.9 732
8 10,8 22.8 750
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Table 24. Purping of salvinia to the shore for a
duration of 2 minutes, at a static 1ife
of cne metre

Cosibi - Avexage
nation 8l, Salvinia Harvesting hasve- Remarks
tested Boe collected capacity sting
cepacity
(kq) (ehe) (s/hk)
Eg - ¥y 1 345,0 10,32
2 320.5 9462
3 339,0 10,17 10,08 Intermittent
. 388,0 10,68 clogging
s 318,85 S 047
By =¥y 1 304,5 S.14
2 291,0 8473
3 310.5 9430 8,71 Intermittent
. 260,0 7.80 clogging
5 2685,5 857
Ez - %1 Ko reading hecause of frequent clogaing
82 - ﬁz Eo reading because of freguemt clogging
By = Ky 1 364,5 10,94
2 382,8 11.48
3 352.0 10,36 10,93 Intermittent
4 367,5 11,03 clogging
s 354,0 10,62
Eg =My 1 334,0 10.02
2 280.0 8440
3 339,.5 10,19 92.49 o clogying
¢ 331.0 9.93
5 296.5 8490




combinetions E, = M, wes found to have the maximum
harvesting cepacity of 10,93 v/hr. The Ey - M,
combinetion wes found to work ssgisfactorily without
any clogging st an avesage harvesting cspacity of

92.49 t/hr. This conbination wes found more practicable
than the other coebinations.

The harvesting c¢epacity in this case was slightly
less than that obtained when salvinis was pumped into
the barrel for & short duretion, This could due to the
nonw=uni forrity in the density of weeds in & larger srea,

4.2.4 Harvesting of saslvinia into the floating fence

Salvinia water mixture was pumped into the
floating fence described in chapter 11X, The sise of
the floating fence was 150 om x 180 em x 120 om and
ites maximy: capacity was 400 kg, The combination
Ey = 11, Was used to pump the Vesd into the flosting
fence. 7The advantage of the floating fence was that
it needed only a static 1ift of 40 cm, The results
obtained are given in Teble 28, The higher hervesting
cepacity in this case wes due to the reduction in the
stetic 1ift which in this cuse was only 40 o while

in the previcus case it was one metre.
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Table 23S, eapacity of Ey « M, at a
static 1ift of ¢0 om

Time Selvinie Hagvesting
51.No, taken collected cepaci
(=) (xg) (t/hg
1. 92.85 11.00
2. 89,95 10,74
3. 30 91,0 10.92
4. 86,85 10,38
Se 93,0 11.16
Aversge 10.8€6

4,3 Second stage field tests

The properties of salvinia observed in the second
stage of field experiments conducted at Fudukkadu are
given in Tebles 26, 27 and 28,

From these tables, it was found that the epread
density, bulk density and root ratioc values were in
accordance with the previocus wvelues given in
section 4.2.1.

The ejector E, with its secondaxry flow in the
horizontal direction and the primary flow entering
the suction chanber at an angle of 30° to the horisontal
wes tested with verious momths, In addition to the
mouths 4, and K,, & third mouth My elliptical in shape



Tarle 26, Spread density of salvinis in the test pond

at Pudukkadu
&51. Weight of Spread
HO. Axea °g"t'd Selvinie denaitg
(m®) {xg) { kg/m2)
1 1.0 61.5 61,5
2 1,0 54,0 54.0
3 1,0 $9.0 9.0
4 1.0 61,0 61,0
] 1.0 56,8 8645
hverage 57.8
Teble 27. Bulk dernsity of salvinis in the test pgnd
at Pudukksdu, volume oollected 0,125 m”,
weight of cage = 10,5 kg
“ weight of cage height of
gg' + salvinia salvinia Bulk d‘“g"’
¢ (xg) {(xg) (kg/m~)
| 52,0 41.8 332
2 9.0 48,8 388
3 83.5 43,0 344
4 85.0 44,5 356
s 89,0 48,8 3s8

Average 362




Table 28. Root retio values of salvinia in the test
pond at Pudukkedu
Trial weight of Weight of height of Root
B sarple leaves roots ratio
(9) (g) (g}
1. 485 108 380 78 .4
2 S510 % 433 85,3
3 428 85 340 80,0
4 380 100 aso 73.7
S 460 70 390 84.8
Average 80,44
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was aleo used in this test, 7The results obtained for
these differcnt conbinations in this second stage of
experiments are given in Teble 29,

It was found that the performence of M, and M,
were almost identical in all the experirents, lence
it is evident thaet there is no particulax advantage
in using one over the other, Though E, - iy combination
geve comparitively higher values of harvesting capacity
mez‘uv.zands‘-us, hovever, this is not
recommended for practical use becasuse of infermittent
clogging. From these sxperiments, it is clesar thag
- M, and E‘ - ”3 cozbination yield maximum harvesting

4 2
capeacity without clogging and hence can be used for

continuous operation,

The ejector E, with M,. ¥, and Mgy were tested for
its continuous operstion by pumping salvinis to the
shoze at a static lift of cne petre, The some combi-
nations were again tested by pumping salvinia to the
floating fonce at a static 1if¢t of 40 cm, The
results are given in ¥sbles 30 and 31 respectively,

It was seen that the E, = M, combination hed
the same rroblem of intermittent clogging even though
it attained a maximum harvesting capacity of 13,18 t/hr
at a static lift of 40 o, mt‘oﬁzwt‘-ﬁs
comdbinations attained & maximum cepecity of about

12 ¢/hx at 40 cm static 1ift without any clogging.



Table 29, Harvesting capacity of different combinations
tested in second stage of experiments
Average
Combi ~ Hazve-
nation g:' :i::n Salvinia sting :::;:‘ Remarks
tested ¢ collected capacity caraclty
) (kg) _ (s/hx) (s/hx)
El - !‘i’ 1 9.8 a5%5.5 9.37
2 9.6 2¢.0 9.00 Inter-
3 9.9 26,0 9.43 9.11 rittent
4 104 25,0 8.91 clogoing
S 9.8 24.0 8.88
Ez - Ma No readings beceuse of frequent clcogging
53 - Ma 1 9.8 26,5 $.73
e S8 26,0 9.85
No
3 97 284,90 10,39 D.82 clogging
4 9.3 as5.0 9.68
s 9.7 25.% 9.46
E‘ - M1 1 B3 26,5 11,50
2 9.0 28.5 11.40 S
3 8.6 27.5 11.7% 11.5% mdttent
¢ e 28,8 11,33 clogging
5 8.6 28,0 11,72
Eg-F, 1 8.8 26.5  10.84
2 91 28,0 11.08
No
3 8.8 27.% 11,28 11.2 clogging
4 9.2 29,0 11,34
S 9.4 30,0 11,49
E‘ - ms  § 9.0 27,0 10,80
2 8,2 26,0 10,64
Bo
3 9.3 28,3 10,03 10,94 elogging
4 9.0 27,5 11,00
S 9.3 29,0 11,22
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Table 30, Fumping of salvinia to the shore for a
duration of tWO minutes, 8t a static
14f¢c of 40 o

Combi - , Average
Sl. ©Salvinia Harvesting
nation Lo. collected capscity harvesting Remarkse

tested caracit
{kg) (e/hz) . (t/hrx
34 - Hl 1 381.9 11.43%
2 372.8 11.18
Inter-
3 30,0 ‘ 11.70 11,28 mittent
clogging
4 37C,.5 11,30
. 35,5 11,7¢
E‘ -l 1 347.5 10,43
2 342.5 10,36
Ko
3 353,5 10,61 10.46 clouging
4 342.9 10,47
S 3%0.5 10.52
EG - “3 1 341.5 10.28
2 333,0 9.99
Ho
3 338,% 10,16 10.15% clogging
4 346.5 10,38
S 333,.5 9.93
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Table 31, Fumping of salvinia to & floating fcnce
for 30 seconds &t & static lift of 40 o

Combi= )  salvinie Harvesting ~VeXege

nation ) haxvesting Remsrks
(kg) (t/hrx) (t/hx)
E4 - M1 1 108,38 13,02
2 115,0 13.80
Inter-
3 104.5 12,54 13.16 mittent
clogyging
4 111.% 13,38
5 109,0 13.08
E‘ - Mz 1 100,58 12,06
2 106,06 12.96
X . tio
3 104 ,0 12,48 12,38 clogeing
4 102,8 12,30
5 101,0 12,12
Eq = Hs 1 ©7.5 11,70
2 104,0 12.48
Ko
3 102.% 12,30 12.12 clogging
4 99,0 11.88
S 102,0 12,2¢
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From the two stages of testings it wag found
that !:‘ - M, and E‘ - “3 ware giving better performance.
Hence it is recommended, These two corbinations ore
suitable for the harvesting of salvinia under all
conditions of weed growth in Kerala,

4.4 Jconomic anslysis

The operating cost «f Salvinie Harvester wag
worked out on the basis of the assumption and calcu-
lations given in Appendix 111, It was worked ocut on
the assumption that the salvinia problem was yrevelant
for &hout & ronths during the yesr, Hence a vexy
conservative figure of 1000 hours of annual use of the
equiprent was taken f£or the cost enalysis, The life
of the equirrent is taken ag 10 yedrs with 10 per cent
salvage value ancd the operating cost was obtained as
i8.35.30/hx. The spread density velue of sslvinia 4in
Kuttanacdu regicn, vwhere the wesd was in the first
growth phase, wos 16 kq/nz. The harvesting capacity
obtained for the prototype Salvinia Harveaster was
16 ¢/hr, Hence the clesrance time using this eqguipment
1s 10 hzs/ha, Therefore the expected cost for clesring
one hectare of weed infested £ield is Re.353/=.
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SUMMARY

An investigation on "Design and develo;ment of & high
capacity Salviniae Hapvester™ vwas cagried out to 4imzove
the performiance of the Salvinis Harvester develored by the
Keresla Agricultural University. The main er;hesis of the
study vas on the desicgn of a high copacity ejector system
that would work without clogging undexr &8ll conditicors of
veed growth, In order to achimve this objective ifferent
directions of ;rimary and secondaxry flows were tested and
vericus sizes anu shares cof fecding mouth vere tried, The
ortirun rosition of the mouth helow the water surtecce was
also determined. The details of the com;lete machine ore
shown in Fig., 22. 7The results obtained are sumrerised
belows=

1. Awong the two ejectors 52 and Ea with rrimary flow
straight snd sccondaxy flow inclined, the ejector 83
yielded a hetter coracity ratio ( totzl ﬁlowf 1Eirary

flow) of 4,03,

2. The two ejectors Ey ana E‘ with secondary flow strai it
apd rimary flow inclined gave identical caracity

ratio of 3,75,

3. The average spread density value for the salvinie in
the initial stage of thirxrd growth hase wos 60 kg/mz.
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4.

€e

7.

8.

Se

The bulk éeﬁaity velue before hirvestling =t the two
test loczlities where the weed wss in the initisl
stages of third growth rhase was of the order of
370 kg/m>,

The bulk density of salvinia harvested with the

machine wig around 330 kq/ha.

The average root r&tic volues obtained for different
grovwth phases and root leagth were 46 ;er cent in the
first growth ;hase (root length less than 20 c¢m), €9
rer cent in the initiel stages of second growth hase
(xoot length 20 - 4C com), 76 pexr cent in the later
stages of second growth phase (root length 40 - €0 om)
and 83 rer cent in the initial stages of third growth

rhase (root length greater than 60 cm),

The Ey =N, corbinaticn yleldec the maximur harvesting
capacity of 10.82 t/hr at = static lift of one retre
with the feeding mcuth 10 om below the waterxr level,

Expexinents with El - ﬁx corbination with mouth at
different derths showed that the ortirum derth wis

10 cm,

The Ey = Mz combinétion was tested with varying mouth
depths from € cm to 14 cm and length of orening from
15 em to &0 on, kee;ing & constant width of 7,5 om,

It was found that for a rectangular feeding mouth of

7.5 cm width, the o timum length of opening was 32 eor,

83



10,

11.

13,

14,

15,

QO
o~

In this combination elso the depth of feeding mouth
below water surface was found to be 10 cm for maximum
collection,

The test results with ejector Ey end mouths M, and b,
shoved intermittent clogging in the ejector system
with the weeds.

The ejector E, d1d not function satisfactorily due

to frecquent clogging,

The observations mede with E; - ¥ and By = M, shoved
that 83 - "2 was the Lhest combination. The harvesting
capecity obtained with Ea - i, was %.92 t/hr without
any clogging problem at & static lift of one metre,

All the above corbinations vhen te:s:ed for continuous
operation by punmrding selvinia directly to the shore,
23 - %2 yielded a meximum harvesting capecity of

9.49 t/hr, at ¢ ststie 1ift of one metre,

The 83 - M, conmbinetion when used to harvest the weed
into 3 flosting fence at a static lifit of 40 om,
achieved a higher harvesting cepacity of 10,86 t/hr,

Clogging was a very seriousg ;:roblem fOX 24 - Ml
corbination, eventhrough it attained & rarvesting
cepacity of 11,55 t/hr at & stztic lift of one retre
and 13,16 t/hr at a static 1ift of about 40 cr,



16.

17.

18,

19.

By = My and Ey - !53 yielded almost the sare
harvesting capecity of 11 ¢/hr at one retre
static 1lift vhezreas et 40 cm static lift o

value of 12 t/hx, vithocut any problem due to

clogging.

All these experirentes conducted revesled that
the ejector E, end E, cen be used under all
conditions of weed growth without clogging
along with the mouths ”2 and a,.

The cepacity of floating fence of sige
150 om x 150 om x 120 om with six polyethylene
drums was 400 kg.

Economic enelysis showed that the operating
cost of the machine was Res, 35,3/hr. The

expected cost for clearing the weed infeeted
areas wvhere spesd dansity values veres around
16 kg/m? (1ike Kuttenadu area) is Re.353/ha.

T™he follovwing are some of the vworks suggested

for further investigations:

1.

O

study of dreg characteristics of the salvinis
weed and ite influence on the geometry of the
ejector system. |

Developrent of an sutomatic feecding mechanism
for guiding the weeds easily into the mouth.

89



3.

4.

0.9
o

Assessrent of mechanical properties of the
sslvinia weed including possible methods and
machine components for its processing and
Gisposal.

rodificetion of the mouth as well as the
ejector system to suit it for the collection
of other corwon ﬂmund type aquatic weeds
like water hyscinth,
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Specifications of prototype

Engines, 2 Nos,
Speed

Lore

stroke
Displacencent
Compression ratio
Haximum torgue

Appendix -~ X

“° M- W = W 8 -

Specitic fuel congumption:

Fuel tank capacity
041 consunption
Dry weight

Pumpe, 2 kos

Head

Suction lire
Delivery line

Length of floating
platform

vigdeh of floating
platform

Floatation

)
]
]
]
s
$
s
3

Cresves lorbexdini
30003600 rpm

78 o
68 mm
328 e
18:3
1.48 kg.n
0,283 g/bhp.hrx
4.5 1

0,013 xg/hr

38 kg

Texmo

10-35 o

€28 om

S om

428 om

2

120 om

Salvinie Harvester

(1)

12 bNos. polyethylene drums

of 30 1 cepacity



Appendix - IX

Specifications of 68 hp High Fressure Fumpset

Engine type

Bore

Stroke
(Dinplacament
Conpression ratio
Speed

Marimum torque
Mean piston speed

Specific fuel consumption:

Fuel tank cspacity
Iidguid oll consumption

Sump cepacity
Dxy weight
Pusp type
Suxtion line
Delivery line

LDA=S310

85 sm

90 wm

$10 om’

17.5 s 2

2600 = 2000 zpm
3 kg.n.

7.8 = 9,0 n/s
184-196 g/ hpihr
8.5 1.

0.022 kg/hx
1.7% 1

% kg

KH7

Som

S om

(14)



Appendix - XXX

(444)

Calculation of operating cost of Salvinia Harvester

1.

10 yeearzs
10% of initial cost

10% of average
investmert

6% of initial cost

2% of initisl cost

R8,300/year (asgured)
1000

Re 4,02
30% of fuel cost
R'u‘b/ d&?

Rs.30/dsy

Fw.!ﬁ/ﬂuy

Aasumptions

1. Life of the herveater(lL):

2. Salvage valus t

3. Rate of interest(i) s

4+ Repair and maintenance 1
cost

Se Insurance and Gaxes ]

6. Housing charges ]

7. NHuwber of working ]
hours/yesx

8. Fuel cost/litre (dipel)

9. Lubricante cost s

10, Vvages for ckcilled man ]
labourer

11, vages for unskilled man
labour

12, Wages for unskilled :
woman lebour

13, Number of working hours/s
day

14, Mninun number of skilled One
man lJabourers to opezste
the machine

1%, Maimam nurber of

unskilled men lebourezs '
to guide the weeds into
the mouth

Cne



3.

16, dinimum number of
unskilled women labour-
exs for removing the
weeds from the floating
fence

17. Fuel conswmption

18, Spread density of
stlvinis in the first
of growth

Investrents

1. Cost of 8 hp high
pressure punpset and
its sterting accessories

3. Cost of febricstion of
ejector systen including
cost of materials

3. Cost of floating
platform

4. Cost of floating fence

S, Cost of other access~
ories and pipe fittings

G. Owerheed charges for

2,

fabrication work

(4w)

¢ 16 kg/m®

s Re. 17,000,000
4 Rl. 1'000.00

s Rs, 1,500,00

Rs, $00.00
$ Re, 1,400,00

t Rs, 600,00

Rs. 22,000.00

interest on capitel investment » 2‘%-5 =
- )
= Rg, 1.21/312’



4.

S.

6.

7.

8.

9.

(v)

xnmmcemum-ﬁxr& 'W’T&F

= R, 0.44/x

Housing charges = Rs, 300/year
- 8 - e, 0.30/m

Fuel cost s 2 x 4,02 = Rg, 8,08/
(dlesel, ¢ 2 1/nx) S wne"n

Lubricants cost - & X 8,04 = Re, 2,41/hr
(¢ 30% of fuel cost) OB e

L.abour charges

1)  skilled ren lebourer = %9 = Rs. S/hr

SNAPESEMIR NS
14) ;mauli:é man - J§ = Rs. 3.78/hr
111) xmzzg women - 3-3-35- Re. 6.25/hx
gp:a;.%ng cost (sum of {items & R§.30,70/hx

L - )

Establishment chexges ($ 15% of opereting cost)

- 30,7 x & = Re, 4.60/hr

Totel operating cost of Salvinia Hagvester
= Rg,.35, 30/1\(
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ABSTRACT

Salvipia polents locelly known as 'African Payal'
is a noxious flosting typs squatic weed in many ports
of the hunié tropice. Kezala Agricultural University
developed a mechanical device to harvest this menacing
weed,

An investigation on the performence of the
prototype sSalvinia Harvester was carried ocut undes
varicus concitions. Frototype ejector E1 with secondary
flov straight and primaxy flow inclined at 90°,ejectors
E, and 33 with primary flow styaight and secondary flow
inclined at 40° and 20° respectively &nd ejector Eq with
secondary flow streight and primary flow inclined at
30" were tested along with cizeular mouth (ﬁxlo
edjustable rectangular mouth (11,) and ellipticel mouth
(ﬁa). Experirents were also confucted to £in¢ out the
optimus de;th of mouth below the wager level.

The study revealed th:t clogging was & serious
problem for the prototype Salvinie Harvester, vhere the
weed was in the initisl stages of third growth phase.
Ejectors El and E, showed clogging when tested with all
the different feeding mouths, The E;Mz&l§£M3 combinationrs
ylelded almoct icdenticel harvesting capacity of 11 e/hr
at one metre stutic 1lift and 12 ¢/hr a8t 40 cm statice
1if¢ without any pxoblem due to clogging, All these



experisants conducted revealed that the ejectors Es and
E, can be used undex all conditions of veed growth
without elogying slong with mouthe Mg and xa.

The machine is capable of removing weeds at the
rate of 16 t/hr where the s read density velue was
around 16 kq/nz (180 t/ha) like Kuttansdu ares. lHence
the machine would he cepsble of Bemoving the veeds in
one hectare in 10 hours, The estimated cost of
operation amounted to Rs. 353/~ per hectsre which
compéred fevourably with the reported costs of Re,900/-
to Rs, 2,700/~ per hectare for memusl collection and
disposal,



