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Abstract. In Salvinia molesta Mitchell growth rate was uniform among the various
size groups except in the prohferatlng floating stage in which it was faster. An
average increase of about 25% weight occurred during a period of 5 days under
laboratory condition. In general fresh set of leaves developed at an average interval
of 4" 5 days but this period may vary under different environmental condiuons. In
low salinities the growth of the fern showed retardation while in higher salinities
it underwent complete destruction. Salinities above 7%,, was I-armful for the weed
while it completely withered in salinities 11~oo and above. Minimum period required
for the total withering of the weed in salinities 34~ and 11,%oowere 30 rain and 20h
respectively. These results are of value in the effectwe control of the weed by
flushing them into brackish water lakes during monsoon.
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I. Introduction
Salvinia molesta Mitchell is a floating aq~,auc fern showing a fast rule of growth
and high level of acclimati~tion to adverse environmental conditions. Though
first reported from South America, it has es~.ablis:~ted itself well in many new areas
and is very common in many of the tropical and s-tb-tropical countries. Since
its accidental introd:,.ction to India around 1940, it has alarmingly spread in Kerala
where most of the freshwater bodies have been occupied.
Owing to its capacity for rapid proliferation and hardy nature, it forms a thi~,k
blanket-like cover over tb.e s,:rface of the inland water bodies shutting off sunlight
to other aquatic plants. This, together with the decay of organic matter in the
habitat of the weed, creates very low levels of oxygen and even anoxial conditions
at times that most aquatic organisms are unable to survive. It also results in the
depletion of nutrients and the de~th and decay of older plants cause conditions
totally upsetting the floral and faunal characteristics of the biotope. Further,
it has laeeome a very serious menace in certain places paralysing water transport,
hampering fishing and shell collection, preventing agricultural operations,, and
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choking turbines of generators in hydro-electric projects. Drawing up all available
nourishment from the water in which they live these weeds have laid waste vast
areas of excellent fishing areas and paddy fields. This weed is, in fact, threatening
the very means of livelihood of the coastal people, and the basis of economy of
several areas of south and central Kerala.
Owing to its impact on the socio-economic aspects, world-wide attention has
been paid on the study of Salvinia to obtaining a successful method for its eradication. In this context the studies of Mitchell (1970), Mitchell (1960, 1963, 1965,
1967, 1969, 1976), S~helpe (I961), Gander and Koh (1968), Zutshi (1968),
Bowmaker (1969), Ztusb.i and Vass (1971), and Gopal (1976) are significant. Their
studies cover the morphology, ecology and growth of this weed in some detail.
Gaudet (1973) has studied the growth of Salvinia under standard conditions.
Though efforts to control this weed are by no means few, a successful method
without any adverse side effects has yet to be evolved. Some attempts on this
line are those of Bennet (1972), Gaudet (1974), Kam-Wing and Furtado (1977),
and Thomas (1975). Samuel et al (1975) studied the salinity tolerance of
S. auriculata (S. molesta) along with its biological effects on the hiotope.
The areas worst affected by Salvinia are the rNerlets, lakes, canals, ponds and
paddy fields. Since many of the rivers in Kerala enter the backwaters which in
turn open into the Arabian sea, during the monsoonal flood these rivers transport
a good portion of the weed into the sea. It is generally seen that the weeds that
reach the ba,:kwater get differentially withered depending on the variation in the
prevailing salinity of the water. This tempted the authors to make a study of the
effect of salinity on the biology of this weed.

2. Materials and methods
To study the growth rate and salinity tolerance, Salvinia of different size groups
were grown in the laboratory in glass jars containing 2.5 litres of water. Since
the temperature of the experimental media under direct sunlight was found to rise
higher than that of the natural habitat the jars were protected from direct sunlight
by a white cloth screen. However, about 2 hr direct sunlight of the early morning
was allowed to-fall on them. Temperature of the media varied between 25 ,and
32.5 ~ C. Water in the jars was changed once in 5 days. In salinity tolerance
experiments, loss of water by evaporation was made up by adding fresh filtered
well water to seawater. Growth rate was determined hoth by increase in weight
and development of fresh leaves. While taking weight, care was always taken to
uniformly blot off the water. Weight was taken once in 5 days. In order to find
out whether frequent draining of water and subsequent handling while taking
weight have any adverse effect on the growth of the experimental weeds controls
in freshwater were also kept. They were weighed only .on the 15th day after
the starting of the experiment. For the study of growth rates, plants of 3 stages
of growth, namely (i) proliferating dealing stage (1 to 3 pairs of leaves), (ii) intermediate stage (early folded stage), and (ill) grown up stage (with fully folded leaves
and sporocarps) were used. For each stage besides the controls, salinity grades
of 1, 3, 5, 7, 9 and tl~o~ were kept and growth rate in each was studied for 30 days.
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To study the lethal effect, salinity grades 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 30 and 34~oo were prepared in 18 litre plastic buckets. About 0.5 kg of
Salvinia was added to each of the salinity media. Samples of approximately 50 g
of these weeds were transferred to freshwater kept in properly labelled 3 litre glass
jars at varying intervals as indicated in figures 4-6. Before transferring to the
freshwater jars, the treated samples were carefully washed in freshwater in order
to avoid mixing with salt water. These plants were then observed for about 2
weeks and the changes noted. Samples which have undergone total withering
were kept for about 6 weeks to check whether they are capable of recovery.
The nature of effects following exposure to different salinities was determined hy
taking into consideration such facts as general appearance, decolorisation of leaves,
changes in the texture followed by decay and disintegration of the weed. The
weed was considered totally withered when the exposed plants failed to regenerate
in freshwater even after a period of 6 weeks.

3.

Results and discussion

The data on the effects of salinity on the different growth stages of S. molesta are
presented in figures 1-3. Except in the proliferating floating stage growth rate
was found to be more or less uniform among the various size groups of Ss
reared in freshwater under laboratory condition. During a period of 5 days about
25~o average increase in weight was observed. A peculiarity observed in the
growth of Salvinia is that during the adverse environmental conditions especially
of extreme summer Salvinia is subject to higher rates of mortality. But on the
onset of favourable condition of the monsoon small viable twigs from the bits
of old plants get regenerated and soon get detached from the mother plant give
out fresh shoots, proliferate rapidly and spread over the surface of water. Afte~
a period of rapid growth followed by crowding, this proliferating tendency seems
to decline. The leaves soon grow larger, got folded and overlap, one inner to the
other. The ' roots' grow longer and the hairs of leaves and intemodes become
more and more prominent. In the present study it was found that during the proli..
ferating stage, growth rate measured as weight increase was three times faster
during the first five days, but during the next 5 days it indicated a declining trend
(figure 1). During later days when the plants have fully occupied the surface
of the water the rate of proliferation declined and even stopped.
As stated above the folding tendency of the leaves starts when the weed gets
crowded in an area. Probably this is an adaptation to accommodate more leaves
exposed to direct sunlight. Both in the laboratory condition and in the natural
habitat when grown up plants with folded leaves were allowed to grow scattered,
newly developed twigs had longer internodes with unfolded leaves. But again
when they get crowded twigs having short internodes w:,th folded overlapping leaves
emerged. Gopal (1976) also suggested crowding as a prerequisite for the developmeat of folded leaves in S. molesta.
Under laboratory condition flesh sot of leaves developed at an average interval
of 4"5 days. This frequency may he consdiderably changed owing to changes
in the environmental factors. Thus in the case of Salvinia reared in salinity 7~o0,
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Figure 1. Effect of salinity on the growth rate (freshwater) of Salvinia (Proliferating
floating stage).
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Figure 2. Effect of salinity on the growth rate (freshwater) of Salvinia (Intermediate stage).
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Figure 3. Effect of salinity on the growth rate (freshwater) of Salvinia (Grown up
stage).

the average doubling time of leaves was 7.5 days. Mitchell (1970) reported a
doubting time of 12.7 days in S. molesta on Lake Kariba during the main growing
season. Later as mentioned by Mitchell (1976), tagged plants in the middle of
weed mats on Lake Kariba took a mean dollbling time of 11.6 days, while those
colonising open water on the edge of a mat needed only 8"6 days. While Salvinia
minima has a doubling time of 4.6 days in the laboratory conditions (Gaudet 1973)
it is about 1.54 days for S. natans reared in rich culture solutions at 30 ~ C under
1,500 ft candles constant illumination (Blackman 1960).
Considering the effect of salinity on growth it would appear that while lower
satinities retard the growth, higher satinities completely destroy the weed. Plants
reared in salinities above 7%o were adversely affected and their weight was found to
decline. In salinity 9~o though the plants survived for a few weeks, growth was
retarded, and basal portions were decayed and disintegrated resulting in a reduction in the weight. Though salinity around 1~oohad only negligible effect on
growth, higher salinities above 7~ooadversely affected the fern. Further, it was in
the proliferating floating stage that inhibition of growth was maximum and lowest
in the intermediate stage. Thus a comparison of the growth ra!es of the 3 groups
shows that the growth in salinity 7~oo is about 1/5 of that in freshwater in the case
of proliferating floating stage, 89in the case of intermediate stage and l/3 in the
case of grown up s~.age (figures 1-3), i.e., young weeds are the most sensitive to
salinity and intermediate stage the least.
It may also be stated that though variation among the different lots are evident
the rate of growth of experimental and control weeds are almost identical showing

166

0 Divakaran, M Arunachalam and B Balakrishnan Nair
100,

'

' 9

O~

0

0

I

1

|

20

~0

60

. . . . .

I

80

Treatment period (rmn)

Figure 4, Percentage of withering of Salvinia by keeping in salinities 34, 30, 25
and 20~o o for periods o f 1 0 - 9 0 min.
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Figure 5. Percentage o f withering of Salvinia by keeping in saliaitics 19, 18, 17,
16 and 15~oo for periods o f 1 - 6 h r .
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Figure 6. Percentageof withering of Salvinia by keeping in salinities. 19, 13, 12, 11
and 10~o for periods of 2-24 hr.

that draining and handling while taking weight have only negligible effect on
growth rate.
The preserit study clearly indicates that higher concentrations of salinity are
lethal to Salvinia (figures 4-6). Though salinities above 7~ooare unfavourable for
the weed total withering takes place only at salinities 11 ~ooand above. In lethal
grades, within short periods the weeds get wilted and become more and more
spongy and soft in texture. The stem and ' r e e l s ' get shrunken and the green
colour of the leaves fades gradually to a pale bro,~ n. This takes place within a few
minutes in higher grades and in a few hours in lower lethal grades. Within 2 or
3 days following treatment the stem and root of the weed get decayed leading to
fragmentation and later disintegration. While the weed is fully destroyed in a
salinity of 34~oowithin 30 rain (figure 4), it requires about 20 hr for the a~ne in 11~oo
(figure 6). This is very low when compared with the stvdies of Samuel et al (1975).
According to their observation only about 90~oo of the weed is destroyed by treat.
ing for 24 hr in 35~oo. Similarly more than 21 days treatment is required for the
complete withering of the weed in 15~oo. Withering of Salvinia in salinities above
7~ooand below 11~oo is gradual and incomplete in the present study.
No case of regeneration was observed in samples which have undergone total
withering even after keeping for a period of 6 weeks.
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