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PREFACE

The present study is an attempt to understand the
biological equipment of an important solasodine yielding
plant of northe-east India, namely Solanum khasianum.
This study also involves preliminary observations on the
introduction of two exotic species of Solanum, namely

S. aviculare and 3. lacinlatum.

The thesis starts with a general introduction which
also has a review of literature on aspects of weed biology.
The thesis has three chapters on S. khasisnum dealing with
population studies, germination studies and nutritional
studies taking into consideration the different natural
populations collected from diverse habitats in Meghalaya,
The next two chapters pertain to the introduction of
S. laciniatum and S. gviculare followed by their nutritional
response. All these chapters have been wifitten in a manner
suitable for publication, as such some pepetitions in
présentation could not be avoided, The thesis has at the
end a section on literature cited., It is hoped that this
study would form the basis for more extensive and intensive
studies on S. khasianum in the northe-eastern region.
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GENERAL INTRODUCTION

The biological equipment of natural populations are
related to the germinability of the seeds, seedling
establishment and subsequent growth behaviour., The range
of distribution over varied envirommental situations is
also determined by plasticity and possible differences of
ecological races at the subspecific level (Bradshaw, 19653
Ramakrishnan, 1971, 1972).

Population differentiation:

The study of natural populations has gained considera=
ble importance in recent years and the natural populations
are being recognized as the fundamental units of species
(Turesson, 1922, 19253 Clausen gt al., 1940, 1948; McMillan,
19603 Cline and Agatep, 1970; Mott gt al., 1975). Species of
great ecological amplitude occupy a wide range of environmen=
tal situations due to the existence of distinct populations
suited to each situation, With the development of a great
deal of interest regarding the adaptibility of the individuals
two distinct view points have emerged (i) that the population
is a stable unit, evolved to suit distinct um.rmnm
situations, the ecotypes, and (ii) that the individual geno=
types assume different characteristics showing both merpholo=
gical and/or physiological manifestations. These unstable



forms which are due to the plasticity of the same genotypes are
variously termed as 'ecads' or 'ecophenes' (Ramakrishnan, 1973).
The significance of phenotypic plasticity has been demonstrated
by Bradshaw (1965), Turesson (1922) defined ecotypes as the
genotypic response of a population to differential factors in
the enviromment.

Turesson (1922) was the first to demonstrate the existence
of a large number of climatic races in a number of Eupopean
plant species based on geographical location or on altitude,
Later, extensive studies carried out by Clausen gt al. (1940,
1948) have demonstrated the existence of a large number of clie-
matic races in various species along a transect from sea level
upto timber line in California, They found that those ecotypes
differed with respect to various physiological characters such
as pattern of flowering and fruiting, seed and bud dormancy,
resistance to cold, etc. Gregor (1930, 1946) working with
Plantago maritima came to the conclusion that while certain
ecotypes may be characterized by variational discontinuity, often
this variation is continuous along an ecological gradient to
denote which he coined the term ‘'ecocline's Cooper and McWilliam
(1966) observed temperature induced differences between Mediter-
ranean populations of Phalaris tuberosa with regard to floral
induction, leaf expansion, seed germination, etc. Sheila and
Hunter (1962), working with altitudinal populations of Calluna
vulgaris reported that variation in growth habit and growth forms



change with change in altitudes, They have also noted that
maturity type is related to the length of the growing season
at the site of origin of the population., Populations
originating from the areas having shorter growing seasons are
composed of individuals of an earlier maturity type than from
those areas where growing season is longer. David (1976)

while studying the temperature response of succinate dehydro=
genase reported minimum tnpontm coefficlents at tempera=
tures approximating those of habitats in which they grew and
apparent enzyme substrate affinities which were intensive to
temperature change in the range, Bjorkman and Holmgren (1963)
recorded differential behaviour of the photosynthetic apparatus
of Solidago virguarea from exposed and shaded habitats., Kaul
(1965) recognized four seasonal populations in Xanthium
Strumarium, each population suited to different seasons of the
year, He also reported variations in morphological as well as
physiological features in these secasonal populations, Similarly
in a study of seasmnal populations of Chenopodium album
differences in morphological characters were recorded by
Ramekrishnan and Kapoor (1974).

Though the ecotypic studies were initially concerned with
the differentiation of a population on climatiegeographic basis,
the demonstration of edaphic ecotypic differentiation by Krucke-
berg (1951) and subsequently by Ramakrishnan (1960a, 1961a, b,
1965a, b) in Buphorbis thymifolia. Population differentiation,



specially from a very narrow area was of great significance in
the development of genecological thoughts (Ramakrishnan, 1972).
The tolerance of a species to a wider edaphic range may be
either due to indlividuals exhibiting extreme physiological
homeostasis (Waddington, 1957) or due to the existence of gene=
tically determined, physiological races within the species, the
edaphic ecotypes, each adapted to a narrow imgo of physical
and/or chemical characteristics of the soil., Considerable work
has been done on edaphic ecotypes both in India and abroad,
Ramakrishnan (1972) has reviewed the work on edaphic ecotypes
in relation to physical characteristics of the soil, macroe
nutrients and micro-nutfients in the soil.

Kruckeberg (1951) was one of the first to recognize the
occurance of edaphic ecotypes in the case of Aghillea borealis
in relation to serpentine and non-serpentine soils depending on
their adaptibility to differgntial calcium levels in the soil.
Ramakrishnan (1961a) noted ecotypic differences in Euphorbia
thymifolia over a very short distance. In this species the
facultative calcicole and obligate calcifuge populations are
distributed in a mosaic of soil situations where the non-calceas
reous alluvwial soil had smaller or longer calcareous patches
which determined their restricted distribution pattern. Similarly,
Snaydon and Davis (1972) observed sharp change in Anthoxanthum
odoratum population at the boundary between plots at the Park
Grass experiment, Rothamsted, where environmental conditions



change very sharply., These studies indicate the physiologically
and morphologically diverse populations could maintain their
identity over very short distances provided envirommental condie

tions change very sharply.

MeKell et al. (1960) recognized two races of Dactylis glomerats
depending on their adaptibility to soil moisture stress, Ramekrishe
nan (1966) recognized two ecotypes in Euphorbia hirta, erect type
and prostrate typej the former grwoing in moderately moist habitats
and the latter on dry hard soil exposed to trampling, Similarly in
Eghinochloa golonan(Ramakrishnan, 1966b) tall form and short form
were recognized depending on the soil moisture stress, Jain (1973)
demonstrated two ecotypes of Yernonia patula, one being prostrate,

vas adapted to encounter hard, compact, dry soil and exposed to high
illunination and temperature condition and the other one was erect

type growing in neutral and base rich soil during favourable season
of the yesar,

Ramakrishnan and his coeworkers also reported population diffee
rentiation in Iridax procumbeng (Ramakrishnen and Jain, 1958a,1965b),
Synodon dactylon (Remakrishnan and Singh, 1966), Adhateds vesics
(Ramakrishnan and Baisht, 1968) in relation to exchangeable calcium
in the soil, Similar observations in relation to such soil factors
were made by Snaydon and Bradshaw (1962) in Irifolium repeng, by
Jowett (1964) and Bradshaw (1959) &n Agrostis tenuig.

in the case of micro differentiation of ecotypic populations,



specially in relation to soil factors, differences are in terms
of the dry weight yield of the shoot and the roct, the popula=
tions being adapted to particular soil type yielding best under
more favourable conditions (Ramakrishnan, 1960a, 1965b, 1968a, by
19693 Snaydon and Bradshaw, 19623 Remekrishnan and Singh, 19663
Ramakrishnan and Nagpal, 1973; Kapoor and Ramakrishnan, 1974).
Such differences as observed in competition free cultures become
more marked under the influence of inter ecotypic competition
(Snaydon, 19623 Ramakrishnan, 1965b).

With the realization of the fact that the selection pres-
sure could result in population differentiation, it is reasonable
to assume that continued biotic pressure would lead to more adap=-
ted genotypes. The concept of biotic races was recognized by
Stapledon (1928) when he distinguished a mumber of ecotypes in
Dactylis glomerata., Recently, Ramakrishnan (19581) in Euphorbia
hirta, Gadgil and Solbrig (1972) in dandelions and Abrahemson and
Gadgil (1973) in the case of golden rods showed differencés in
populations from disturbed sites and from undistunbed mesic sites.

Ecological aspect of mineral nutrition:

Calciums~ Since the calcareous and non-calcareous soil types
differ from each other primarily with respect to avallable calcium
level, this factor has a great role in the restriction of calecicole
and calcifuges to their natural habitats (Ramakrishnan, 1971). This
nutrient has been shown to influence plant behaviour and distribu-



tion of contrasting species (Oslen, 1942; Bradshaw,gt al.,
1958 and Clarkson, 1965) and contrasting populations within
the species (Ramakrishnan, 1961a, b} 1965a, b, 1968a, b,
1969, 1970} Ramakrishnan and Jain, 1965a, bj Ramakrishnan
and Singh, 19663 Snaydon and Bradshaw, 1961).

Since pH of the soil is directly related to calcium
status, a significant interaction between the two and direct
influence of pil on the behaviour of contrasting population and
species could be expected, as was shown between calcareous and
acidic populations in Melilotus alba (Ramakrishnan, 1968a).
Thus, whilst the germinability of the seeds of the acidic
population decreased with incrgase in pH at 2.5 level of exter-
nal calcium concentration that of calcareous population improved
with increase in pH at 100 ppm level of external calcium, The
dry weight yield of the shoot of the calcareous population was
better at pH7 compared to that at pi5.

As a consequent to change in pH associated with calcium
status in the soil, the restriction of calcicoles to calcareous
soil and calcifuges to none=calcareous soil is not only due to
calcium but also due to the availability of phosphorus, iron,
aluminium and manganese as was shown in the studies of lMglilotus

alba and Hypericum perforatum by Ramakrishnan (1968a, b, 1969).

Occurance of the two species of Galium on calcarecus and
non=calcareous soil types were attributed to their better



germination competitive ability in their respective habitats
(Tansely, 1917). Rayner (1921) from his investigation on the
calcifuge habit of Calluna vulgaris attributed the absence of
this species in calcareous soil as due to delayed and poor
seed germination arrested growth and parasitic effect of orie

ginally symblotic fungus.

Ramakrishnan (1961a, b) recognized two ecotypes, the red
form and the green form within Euphorbia thymifolia as a direct
response to calcium, Differential response to calcium with
respect to seed germination, establishment and other growth
characteristics of these two ecotypes were observed under conpe=
titive conditions, Similar studies have been reported in
Cynodon dactylon (Ramakrishnan and Singh, 1966); Iridax procuge
bens (Ramakrishnan end Jain, 1965a, b) and Adhathoda vasica
(Ramakrishnan and Baisht, 1968). The studies on Melilotus alba
(Ramakrishnan, 1968a, b) and Hypericum perforatum (Ramakrishnan,
1969) have shown that the calcareous populations in these
species exhibit more selectivity than the nonecalcareous popula-
tions with respect to the uptake of calcium and other cations,
Since the selectivity is not so efficient in the case of the
calcifuges they are, able to accumulate sufficient calcium even
from a calcium poor soil, thus enabling their growth and survie-
val in these solls, But when calcifuges are grown under
calcareous situations, accumulate too much calcium, often at
the expense of other cations, as conclusion also reached by
Jefferies and Willis (1964),



In a comparative study of the response of three species,
Sinspsis slbs, Disnthus barbatus and Hordeus digtichum, Oslen
(1942) found that increased calcium levels resulted in
diminished amounts of potassium and magnesium in the leaves
of these species in contrast to the calcicole, Iugsilazo farfara.
Dixon and VWebb (1958) quotes considerable evidence based on
invitro studies that calcium can stop the functioning of enzyme
system because it competes with other cations for co=-factor
sites of particular enzymes. Vose and Jones (1963) showed the
existence of varietal differences in Irifolium rgpens and at
least in the case of one variety, Szolnok variety, where they
have shown a significant interaction between calcium and

manganese,

Snaydon and Bradshaw (1961) while working with calcareous
and acidic populations in Festuca evina and Ramakrishnan (1969)
working with two such populations in Hypericum perforatum
observed a differential ability of these to root at low calcium
levels, The poor rooting ability of calcareous population at
low calcium levels may influence nutrient absorphton ability,
thus restricting them from non-calcareous soils,

Phosphorust= It is well established that phosphorus is an
essential plant nutrient, the amount and availability of which
varies considerably from one soil to another, Differences in
respense to phosphate between varieties of several crop species
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has been reported by a number of workers (Gregory and Growther,
1928; Smith, 1934; Lyness, 1936, etc.). Snaydon and Bradshaw
(1962) reported soil phosphorus as a basis for ecotypic
differentiation in the natural populations of Irifeolium repens.
It was shown that the relatively greater ability 6f the popula=
tions from low phosphate soils to grow at low phosphate levels
is due to a more efficient uptake of phosphorus rather than an
ability to metabolise at lower internal phosphorus concentration.

In calcareous soil, phosphorus probably remains unavailable
due to the formation of comparatively insoluble calcium phosphate.
Rossiter (1955) and Bingham gt al. (1958) reported that phosphate
toxicity under field conditions appear on acidic sollse.

Rossiter (1952) also showed that phosphate toxicity in Irifolium
Subterraneun is reduced on acidic soils by the addition of lime.
According to Rorison (1968) certain calcicole species make ade=
quate growth for survival on .calcareous soils where phosphorus
is usually fixed as calcium or magnesium phosphate and that some
calcifuges survived in acid soil where mineral phosphorus
occured largly as insoluble aléminium and iron phosphate. IHe
concluded that calcicoles and calcifuges tolerate extreme condie
tions, partly because they can survive under conditions of very
low phosphorus supply.

Ramakrishnen (1968ah in the case of Melilotus ‘#lba showed
that while the calcareous population was insensitive to wide
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variations in the level of phosphorus the acidic ecotype
showed a definite improvement at higher phosphorus concentrasion
tions, The calcareous population had a higher phosphorus c
content than the acidic type at low phesphorus level and the
thverse was found to be the case at high phosphorus level. A
similar differential response was also recorded by Ramakrishe
nan (1969) in the calcareous and acidic ecotypes in Hypericum
perforatum, Sneydon and Bradshaw (1962) also recorded similar
behaviour in the case of acidic population of Irifolium repsmnsg
These studies indicate that the calcareous populations within
these species are more prone to phosphate toxicity than are
acidic populations,

Nitrogent= The importance of nitrogen as a vital plant nutrient
and its great effect on the metabolism of the plant has long
been recognized, There are considerable evidences that crop
species (Russel, 19503 Growther and Yates, 1941; Voodman, 1944)
and wild species (Chadwick and Obeid, 1963; Pigott and Taylor,
19643 Bradshew et al, 1964; and Misra and Ramakrishnan, 1960)
differ in response to nitrogen and this nutrient has an importe
ant role in plant distribution.

Differential response to nitrogen nutrition by the ecotypic
populations of €ynodon dactylon was recorded by Ramakrishnan and
Gupta (1973). Results of Bradshaw gt al. (1964) also point to
the probable importance of nitrogen as a major ecological factor
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in determining the distribution of species, Investigation
by Chadwick and Obeid (1963) also indicate the importance
of nitrogen in the distribution of taxonomically diverse

species.

Potassiumte It is well established that potassium is one
of the essential dlements in plant nutrition. Johansen gt
2l. (1968) while working with Hordeum vulgare have noted a
a strong depression of calcium absorption by low concentra=
tion of potassium, Mattson gt al. (1949) have demonstrated
an increased absorption of phosphate in the presence of
potassium and calcium in the seedlings of barley and pea.

Varietal differences in response to potassium have been
extensively reported in the case of crop species, Twelve
varieties of perennial rye grass grown on three soils showed
variation in potassium and calcium content and also in
K/Ca + Mg ratio (Vose, 1963). Very little is known of intra=
specific differences in wild species, However, Ramakrishnan
and Gupta (1973) indicated that whilst the non=calcareous
Chandigarh population of Cynodon dactylon responded more
favourably to increase in potassium in the medium, the calca=
reous population of Shiwalik and Malla showed lesser response.

Seed germinations

Germination is an important ecological event and an oute
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come of the various ecological factors with the intrinsic
capabilities of the seeds (Ramakrishnan, 1971b). The initial
step in germination is the i‘eactivation of the system conse
erved during the seed maturation period and this activation
starts with the imbibation of seeds under favourable environ=
mental conditions, Favourable effects of fluctuating temperae=
ture was found by Wakhloo (1964) for germination of Sglanum
zanthocarpum and S, nigrum seeds. Improved germination of

Se Yiarum seeds under suitable alternating temperature regimes
was also recorded by Vicente (1972).

Light &s an important ecological factor and plays a
crucial role during seed germination of many species (Rooden
et ale, 1970)s While, seed germination was totally inhibited
in Erigeron linsifolius (Ramakrishnen, 1963) under complete
darkness, that in Euphorbia thymifolia was markedly inhibited
under continuous light (Ramakrishnan, 1961, a)e. Rooden gt al.
(1970) while investigating the nature of seed germination in
some tropical weed species, noted that in some seeds which are
normally strongly light sensitive and show practically ixo
germination in darkness, the inhibition in germination can be
completely alleviated by addipg gibberellic acid to the imbibie
tion water (Lhha and Basu, 1980),

Dormancy is an important ecological factor that govern the
survival and distribution of a population in any habitat
(Ramakrishnan, 1963). Literature suggests that both innate and
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enforced dormancy are involved in congrolling the timing of
germination. Under unfavourable conditions it confers a
selective advantage on the species and the absence of dormancy
may be helpful only under favourable condititions. Thus,
Kapoor and Ramakrishnan (1973) noted differential temperature
optima for seed germination in the seasonal ecotypes of Cheno=
podium album, which was related to their distribution in time,
Also, Ramakrishnan (1961a) recorded differential germinability

of the edaphic ecotypes in Euphorbia thymifolia as related to
calcium level in the substratum.

Present study

Solanum is one of the largest genus of the family Solana-
ceae and consists of more than 1700 species (Willis, 1966)
found throughout the temperate and tropical parts of the world,
More than 50 species have been recorded in India and a few
exotic species of economic importance have been introduced., The
genus is economically very important as several species are
sources of drygs, food and fodder. Several species of Solanum
produce glyco-alkaloids which on hydrolysis and removal of
sugar yield steroidal alkaloids., Solanine and solamonine are
widely distributed among the members of this genus., The
aglycone of these two glycoalkaloids are solanidine and
solasodine respectively., With the realization that the glyco~
alkaloid solasodine, a nitrogen analogue of diosgenin is a



suitable alternative raw material for the production of
steroid hormons, extensive world wide search began for the
identification of solasodine rich species of Solanum. With
the discovery (Chowdhury and Rao, 1964) that Solanum khasianum
Clarke whose fruit yields appreciable quantity of steriodal
alkaloid~solasodine, attempts have been made to domesticate
and cultivate this species for commercial production of
solasoildne,

Solanum khasjanum was first described from India by C.B.
Clarke in the Flora of British India (Hooker, 1883) from a
specimen collected from the Khasi Hills., Since then the plant
has been recorded from various localities in India.

S. khasianum is an errect or somewhat decumbent branched
undershrub upto 1,0 to 1.8 m in height. Spines are present on
the stem, petioles, and pedicel of the flowers. Flowers are
white and berries are yellow in colour on maturity: This
species occurs extensively in the northeeastern region of India
and growing in Meghalaya over a wide altitudinal gradient.

A few scattered studies are only available on the biology
of this species, Eratic seed germination in this species has
been reported by various workers (Chatterjee, 1977; Laha and
Basu, 19803 Pingle and Dnyansagar, 1979). Photosensitivity in
this species was reported by Laha and Basu (1980); they also
observed that Gibberellic acid can remove the photosensitivity
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of the seeds and the seeds could consequently germinate in
complete darkness. Vicente and Moreas (1974) reported a
water soluble inhibitor on the seed surface and which could
be removed by thorough washing.

The occurance, distribution and morphology of this plant
has been investigated by Saini (1966)., Kaul and Zutshi (1977)
described its propagation under conditions prevailing in
Jammu area, Agronomic evaluation of S. khasianum has been
done for obtaining higher yield of berries (Hazarika and Bora,
1976)., Hazarika et al. (1978) have developed an improved
strain of S, khasianum which is disease resistant and with
less spine intensity on the plant body.

S. Khasianum can be cultivated in any kind of soil but
too much clayey soil and water logged conditions are injurious
to their growth and development (Chakraverty and Raychoudhury,
1974), Experiemental cultivation of this plant has been
successfully achieved in West Bengal (Saini gt al., 19653 Saini,
19663 Saini and Biswas, 19673 Chakraverty and Basu, 1973; end
Saini and Sufi, 1974), Bombay (Bakshi and Hemid, 1971), Mddhya
Pradesh (Dnyansagar, 1976a, b), U.P. (Chandra gt al., 1970),
Karnataka (Murty and Abraham, 19753 Murty, 1976). Dutta (1972,
1972) introduced and cultivated this plant in Bhubaneshwar, and
pointed out the great potentiality of starting its cultivation
in that region, as well as in the hill regions of India (Kapoor,
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1972).

It is evident from the work of Saini and Biswas (1967) and
Saini and Sufi (1974) that the time of sowing plays a signifie
‘cant role on the growth development and ultimate yield of fruits.
This plant im generally cultivated as annuals but under suitable
cultural practices and favourable climatic conditions the plants
grow as perrenials (Chakraverty and Roychoudhury, 1974).

The stage of fruit maturity for havest plays a significant
role on the ultimate yield of solasofliine (Saini gt al., 1965;
Saini and Biswas, 1967 Saini, 19663 Choudhury and Hazarika,
19663 Khanna and Murty, 1972 and Saini and Sufi, 1974). Saini
et al. (1965) and saini (1966) studied the glycoalkaloid content
of the fruits at weekly intervals starting from early stage of
fruit development and formed a progressive accumulation of glycoe
alkaloid, reaching a maximum of 7.6% on their 47 days of growth
and then gradually declining to 5.1% on 68 days of maturity,
Saini and Sufi (1974) on these observations concluded that the
accumulation of glycoalkaloid increased with the physiological
age of the fruits and this stage of fruit growth coincided with
the change of fruit colour from green to yellow. The glyco-alka=
loid content of fruits at varying stages of development under
Lucknow condition were studied by Chandra gt al. (1970). The
maximum percentage was recorded when the fruits were exactly 20
weeks old, after which solasodine content gradually declined.
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Similar observations were made by Matsunaga gt al. (1969) in
a strain of $. khasianum grown in Japan, in which glycoalkaloid
content varied at different stages of fruit maturity.

A few studies are also available on the fertilization res~
ponse of this species. Fertilization in newly introduced areas
is seldom essential but the plant shows great agronomic promise
(White gt al., 1971) and respond well to fertilizer application.
Nitrogen, phosphorus and potassium have been found to increase
the growth of the plant. Excess of nitrogen fertilization reduce
the fruit ykeld. Application of P40, K4O, and N60 kg per hectare
have been found to be adequate (Saini and Biswas, 1967).

However, not much is known about the ecological equipment
of S. khagianum, particularly with respect to natural populations
and their adaptive response to different envirommental conditions.
The present study is an analysis of the natural populations of
S+ khasienum growing over a wide altitudinal range in Meghalaya.

Further, the possibilities of introduction of two exotic

species, Solanum laciniatum and S. gviculare has also been
explored in a preliminary fashion., 3. laciniatum and 3. aviculare
are endemic to the Australian region (Randell and Symon, 1976).
Despite extensive preliminary tests in many parts of the world
(Sbhreiver, 1968) long term studies seem to have been restricted
to Hungary, Russia, and New Zealand. The possibilities of intro=-
ducing these two species in India has been studied by Kapoor and
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Kapoor (1965), Sastry et al. (1973) and Bordoloi gt al. (1976).
During the present study apart from germination and nutritional
requirements of these two species an attempt was made to
explore the possibilities of successful introduction and cultie
vation of these two species, by growing them in the hills of

Meghalaya.



CHAPTER II
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STUDIES ON GROWTH YIELD OF SOLANUM KHASIANUM CLARKE AND ITS
ADAPTATIONAL BEHAVIOUR ALONG AN ALTITUDINAL GRADIENT

INTRODUCTION

Solanum khasianum Clarke, a weed naturally growing in the
hills of northeeast India, has been recognized as a potential

sowrce of solasodine (Choudhury and Rao, 19643 Maiti gt al.,
19653 Saini, 1966). Practically no published literature is
available on the field ecology of indigenous Solanums, although
comparative assay of berries collected from different localities
has often shown that solasodine content in S. khasianum may vary
in different localities situated under diverse agro-climatic
conditions. Maiti gt al. (1965) reported 5.4% of solasodine in
this species from the Nilgiris and 3.,2% from Cherrapunjee, in
Khasi hills, though Choudhury and Rao (1964), Choudhury and
Hazarika (1966) found very low concentration of 0,5% or less.
Later, Saini (1966) reported that this species gave 6% of glyco=
alkaloids, out of which solasodine was little over 2%, More
recently Ram (1978) while growing this species at Jammu from
seeds collected from different geographical regions, also noted
variation in solasodine content ranging from 0.6 to 2.2%., Very
often, the site characteristics are not mentioned in such studies,

Many studies (Turesson, 1922, 19253 Clausen gt al., 1940,
19483 Gregor, 1930, 19463 Hunter, 19623 David, 1976) showed that
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natural populations growing over an altitudinal gradient m:tcr
in their ecological behaviour. The present study on Solanum
khasianum Clarke, growing over an altitudinal range, reaching
upto an elevation of 1500 m, was undertaken in order to look
into possibleccotypic variation within this species.

Description of the site:

Burnihat is located at an altitude of 100 m and at 20°N
longitude and 90%°~50'E latitude. The soil is of lateritic orie
gin and red, sandy loamy in nature. The climate of Burnihat is
characterized by seasonality of rainfall., The rainy season
extends from May to September, during this period about 90% of
the average annual rainfall of 220 mm occurs. This period is
also characterized by high humidity. At Burnihat average maxie
mum temperature is 33,5°C and average minimum was 23.3°Ce There
is a mild winter at Burnihat during December to February., During
this period average maximum temperature is 27.8°C and average
minimum temperature is 14°C., The temperature begins to rise
during March to April and this is mainly a dry period(Fig21).

Barapani is about 20 km north of Shillong and located at
an altitude of 950 m. The soil is of sandy loam type and of
lateritic origin, The climatic conditions are similar to that
at Shillong, as described below, except that it is slightly

warner,
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Cherrapunjee, about 55 km west of Shillong and is located
at an altitude of 1300 m, Rainy season at Cherrapunjee extends
from April to October; during this period about 90% of the
average annual rainfall of about 3850mm occurs. Climatic condie
tions are similar to Shillong, except that it is slightly warmer,

Shillong is located at an altidude of 1500 m and at 25°=34'N
longitude and 91°«56'E latitude. The climate of Shillong is
typically monsoonic with rainy season extending from May to
Septembery during this period about 90% of the average annual
rainfall of about 2150mm occurs., This period is also character-
ized by high humidity snd average maximum temperature of 22,5°C
and average minimum of 16°C, However, winter in Shillong is
severe and extends from November to February with an average
maximum temperature of 17°C and an average minimum of 11,2°C,
The temperature begins to rise during March-April and this
period is with frequentstormy wind(Fig 2-2).

METHODS OF STUDY
Soil:s

Soil analysis was based on the mean of ten soil samples
collected from a depth of 15=20 cm (the zone of maximum rooting)
from each site, where the species was found to grow. pH of the
solil was determined electrometrically. The air dried soil
samples were ground and sieved through a 2,54 mmemesh, Chemical
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Fige 2..1s Ombrothermic diagram for Burnihat (1977~1979)
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Fig, 2.2, Ombrothermic diagram for Shillong (1977=1979)



Fla- 2-2.

(Www) DD N

o

8

—

—500
—1400°

—300

o
~N
|

]

|

|

b

30

25

-

R

emperature (°C)

n

-—

10

M A M

F

MONTHS



23

analysis of the soil samples were done following the standard
procedures as outlined by Jackson (1958) and Allen (1974), Thus
the total nitrogen was determined by Kjeldahl method and the
available phosphorus was determined colorimetrically using
phosphomolybdate blue method, Exchangeable calcium potassium
and magnesium were extracted by leaching the soil with 1N ammo=
nium acetate at pH 7. Potassium was estimated flame photometrie-
cally, calcium and magnesium were determined by EDTA titration
method, using Eriochrome Black-T and Patten and Readers'

reagent as two indicators,

Alkaloid concentration in the berfies was measured colori-
metrically (Crusena gt al., 1965), which involved extraction of
the dry powdered berries with a mixture of acetic acid, alcohol
and water and finally bringing the glycoalkaleoid in solution
after pericipitation and purification,

Field studies were done at four altitudinal sites in the
Khasi hills of Meghalaya, at Burnihat (100 m), Barapani (950 m),
Cherrapunjee (1300 m) and Shillong(1500 m). Analysis of the
vegetation associated with S. khasianum were done at different
sites for density, frequency and abundance using quadrats of & m®
~ (Misra, 1968)., Density represents the number of individuals
per unit area vhile frequency and abundance give an idea of the
distributional pattern of the species.

Since it is difficult to determine the age of the natural
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populations because of their perenial habit, the growth
behaviour of the plants at different altitudes were done by
marking 25 even aged seedlings at each selected sites, at the
beginning of the growing season thus, at Burnihat the seedlings
were marked on 26th September 1977, whereas at Barapani,
Cherrapunjee and Shillong seedlings were identified on 20th,
14th and 10th March 1977. Growth measurements were taken at
maturity, when most of the berries were yellow and fruiting

was over,

Seedlings of all the natural populations from different a
altitudes were raised in two different altitudinal site at
Burnihat (100 m) and at Shillong (1500 m) in order to study the
possibleccotypic variation in this species., At Burnihat, seeds
were sown on 16th September, whereas at Shillong sowing was done
on 26th February to coincide with the natural regeneration,

RESULTS
So0il characteristics:

The soil was markedly acetic in all the sites except at
Cherrapunjee where it was close to neutrality. The nitrogen
and phosphorus levels were maximum at Shillong. The soil from
Cherrapunjee had a lower nitrogen level., Bothpotassium and
calcium levels were markedly higher at Cherrapunjee, compared
to soils from other sites (Table 2.1).



Table 2.1, Soil analysis data ifrom four localities where
the populations of S. khasianum grow

Exchangeable bases

Locality (.o.o “)
pi  N(%) P(ppm) Ca K Mg
Burnihat 3.7 0,15  13.13 2,31 0.29 0,33
_4;0. 12 :OQOB :8.3‘4 :0056 _0_0007 100
Bareapani 5.8 0,18 16,52 2.21 0. 0.27
0124 30105 20:31 10,38  10.08 0103
Chum” 6.8 0.13 18.26 539 0.87 .42
!oo 16 :00“ +Te55 :1021 _"_0008 10008
Shillong 92 O.21 2341 2615 0.26 0.39
;0. 18 :00“ :’.81 :0.36 :OQO’ :901‘
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Assoclated plants at different sites:

A number of early successional weed species are found to
be associated with $, khasianum, The associated species
differed in different sites mainly due to the altitudinal
differences. At Burnihat and Barapani Sida gordifolia, limosa
pudica and Pagpalum spp. were found to be the associates., At
Shillong it was found to grow in association with Eupatorium

adenophorum, Lantena camara and Galinsoga parvifiora. At
Cherrapunjee the most important associates were Dgsmodium spp.

Rubus spp. end Panicum spp. (Table 2.2).

Phenologys

Seedling come up in nature at Barqpuni; Cherrspunjee and
Shillong, after the first few showers, Flowering and fruiting
occur during July to October and fruiting ceases before the onset
of winter, Seedlings come up, however, intermittently throughout
the early part of the rainy season, but ultimately end in poor
vegetative and reproductive growth and often die with the onset
of winter without attaining physiological maturity.

However, a lower altitudes, at Burnihat (100 m) and Nongpoh
(540 m) seeds germinate in nature during September-October, comes
to reproductive stage during JanuaryeFebruary and continues upto
March=April, In any case seeds are found to germinate atlower
altitude early in the season (AprileMay) provided the habitat is
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Table 2.2, Associates of S. khasianum at different
localities. a = abundant, F = frequent
0.f = occasionally found, - = absent.

Locality
Species

Burnihat Barapani Cherrapunjee Shillong
Eupatoriun edenophorum - - a a
E. odoratum £ - - -
Galinsoga parviflora . 0.f - 4
Solanum torvum z t % £ .
Se sisymbrifolium - . . off
Lentana cemers - - - ¢
Sida cordifolia “ B 0.£ -
Himosa pudica £ i - -
Ageratum conyzoides £ o.f * -
Rubug khasianum - - 0.f >
Eanicum khasianum £ - a .
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shady and moist, but finally ends up in poor vegetative and
reproductive growth (Table 2.3).

Growth behaviour of S, khasianum populations under natural
habitats:

Shoot height of the Burnihat population was significantly
lower than the other populations, However, differences in
shoot height amongst other populations were not statistically
significant. The dry weight yield of shoot of Burnihat popula=
tion was also found to be significantly lower than the other
populations. Though comparatively higher shoot yield was
observed in th case of the Cherrspunjee and the Barapani popu=
lation than that of Shillong population, the differences were
not statistically significant., Root yield of the Shillong
population was significantly higher as compared to the Barapani
and the Burnihat populations, Howéver, the Shillong and the
Cherrapunjee populations did not differ significantly with
respect to root yield., Minimum root yield was observed in the
case of Burnihat population (Table 2.4).

The Burnihat population had a significantly smaller berry
size as compared to other populations., Howéver, a significantly
larger berry size was observed in the Cherrapunjee populations
as compared to all others, Significantly lower values for the
Burnihat population was also noted with respect to berry weight
and number of seeds per berry as compared to others. The
Shillong population had a maximum seed number per berry. Solaso-
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Table 2.3. Phenological phases of $. khaslanum populations at different localities at
different altitudes.

"

Shill Cherrapunjee Barapani N Burnihat
(1500 ) (1300 1) (950" ) (308°m) (100 m)
J anuary-February . Flowering and Flowering
Fruiting Fruiting
MarcheApril Germination Geymination Germination Flowering and Flowering
Fruiting Fruiting
HMay=Jdune Vegetative Vegetative Vegetative
July=-August Flowering and Flowering and Flower and
Fruiting Fruiting ngmu
September-October Flowering and Flowering and Flowering and Germination Germination
Fruiting Fruiting Fruiting

NovembereDecember Vegetative Vegetative
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Table 2.4, Growth performance of $. khasianum at different
localities.

Localiti Sh t SHoot wt. Root ewt Shoot t
¢ es o?t “?-tgh ?nsiry ot dry /roo

(gm) ratio
Burnibhat 65.8 5461 16.38 3434
Bmm 94,2 69.23 18.29 3.78
Cherrapunjee 82.6 68,85 21.68 3,18
Shillong 89.3 62,94 25.54 2.54
LeSeDs 14.325 8.021 74453

P = 0,05
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dine concentration was significantly lower in the Burnihat
population and maximum in the case of Clurrnpm;)n'popula-
tion (Table 2.5).

Cherrapunjee population yielded maximum number of berries
per plant and the minimum was for the Burnihat population,
Maximum seed output per plant was observed in the Cherrapunjee
population followed by the Shillong and the Barapani popula=
tion. Seed output was minimum in the case of Burnihat popula=
tion, Highest yield of solascdine was obtained for the Cherra=
punjee population, Least yleld was in the case of Burnihat
population, the other two populations being in between (Table
2.6).

Growth yield of different populations of S. khasianum under
reciprocal cultivations

The results of growth yield of all the populations at
Burnihat and Shillong are shown in Table 1.7. Growth in height
of all the populations grown at Shillong was found to be more
as compared to those grown at Burnihat, However, in either
sites differences in height between the populations were not
statistically significant, Similar observations were made with
regard to shoot dry weight yield., Root dry weight yield of all
the populations were higher at Shillong, except for Burnihat
population, where root yield was higher at Burnihat as compared
to that at Shillong. For all the populations, slightly earlier
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P =005

Table 1.5, Berry characters of S. khasianum populations at
different localities.
Locality Berry size Berry fresh Seed number Solasodine
(vol., ml) weight (g) per berry (%)
Burnihat 8.9 6.8 308 1.02
Barapani 10.2 7.8 343 1.12
Cherrapunjee 15 Te3 351 1.44
Shillong 10.4 T4 369 1.26
LQS.D' 1.1 008 25 0.20




Table 2.6, Seed output and solasodine yield of S. khasienum at
different localities.

Localities No. of berry Seed output Solasodine yield/

per plant per plant plant (mg)
Burnihat 16,80 5174.4 205.4
Barapani 22.4 7683.2 - 313.6
Cherrapunjee 28,2 9898.2 460,8
Shillong 24,5 9040,5 359.6
Significant 5.16 83.57

difference

p= 0005

33
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flovwering and fruit maturity was observed at Burnihat as
compared to that at Shillong, as is seen from the number of
days taken for 50% of the plants to flower.

No significant differences were discernible among the
populations with regard to number of fruits produced per
plant, However, at Shillong number of fruits per plant was
higher for all the populations as compared to that at Burnihat,
though, at Burnihat dry weight yield in fruit of the Burnihat
and the Barapani populations were significantly higher than
that of the Cherrapunjee and Shillong populations, however
fruit yield was not significantly different among different

populations grown at Shillong.

At Burnihat significantly smaller number of seeds per
fruit were observed in the case of the Shillong and the Cherrae
punjee populations, as compared to the other two populations.
However, when grown at Shillong, no such differences were
observed among the populations with respect to the number of
seeds per fruit.

When the plants were grown at Burnihat the Shillong and the
Cherrapunjee populations showed significantly lower solasodine
concentration, as compared to the Burnihat and the Barapani
populations, At Shillong solasodine concentration of the
Cherrapunjee population was significantly higher than that of
the other populations,
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Solasodine yield of the Burnihat and the Barapani popu=
lations were found to be significantly higher at Burnihat, as
compared to that of the Shillong and the Cherrapunjee populae
tions, However, at Shillong, maximum solasodine yield was
obtained for the Cherrapunjee population, The solasodine
yield of all the other populations in general, was higher at
Shillong than at Burnihat,

DISCUSSION

In nature Sglanum khasianum grows over a wide altitudinal
and climatic gradient and often occupy diverse habitats,.

Turesson (1922) was first to demonstrate that species of great
ecological amplitude occupy a wide range of envirommental
situations due to the existence of distinet ecological populae
tions suited to each situations., Studies of Clausen gt al.
(1940) had shown the existence of a large mumber of c¢climatic
races in various species in California, ranging from sea level
situation to above timber line,

Although S, khasisnum in fairly hardy and does well under
diverse ecological conditions, yet it cannot with stand extreme
climatic conditions, The differences in the phenological events
in this species under natural conditions at lower and higher
altitudes could be related to its optimum temperature require=-
ments for proper vegetative and reproductive growth., Saini and
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Biswas (1960) have shown best growth performance in this
species is obtained at a moderate average temperature regime
of 32°C maximum and 25°C minimum, Appearance of the seedlings
in nature during September-October at lower altitudes and
during Febzmary - March at higher altitudes, could possibly be
related to its optimum temperature requirement for growth at
these altitudes, However, when all the populations under study
were brought under reciprocal cultivation, both at lower and
higher altitudes no differences were revealed among the popula=
tions, with regard to their various phenological events. Thus
as stated by Huxly and Vaneck (1974) often, a single species may
show quite different patterns of growth and development under
different environmental conditions, which is obviously exoge~
nously controlled, Thus the differences in the phenological
behaviour of the lower and the higher altitudes populations of
S. khasianum is only a plastic adaptation to the local climatic
conditions.

The occurrance of a small number of 'out of season' seed=
lings in the field shows the ability of the species to survive
under unfavourable conditions, though in a depauperate state,
Omet of winter at higher altitude and that of dry hot summer
at lower elevations determine the completion of the life cycle
of this species.

In general the poor growth performance of all the popula=
tions at Burnihat indicate the greater sensitivity of this
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species to higher temperature conditions prevailing there as
compared to that at higher altitude situation., In this the
better performance of the lower altitude population of Burnihat
and Barapani at low altitudes at Burnihat, suggest the close
adaptation of these populations to their natural habitats as
compared to the higher altitude populations, However the
probable requirement of lower temperature for growth of all the
populations is seen from more or less uniform performance of
all the populations at Shillong. Such a differential behaviour
of altitudinal populations indicate some degree of ecotypic
variation in this species as also shown by Mosm 1922, 19253
Clausen gt al., 1940, 1948; Gregor, 1930, 1946, Sheila and
Hunter, 1962, Differencesamong the populations to some extent
is also seen from the solasodine percentage and yield, Thus at
Burnihat both the lower altitude populations of Burnihat and
Barapani gave higher solasodine yield compared with the higher
altitude populations, Whereas, at Shillong, inspite of the
absence of any differences between populations with respeet to
vegetative and reproductive characteristics, Cherrapunjee popu-
lation give high solasodine concentration an observation similar
to that of Maiti gt al. (1965), though, they obtained even
higher concentration, However, the present results do not cone
firm the observations of Chowdhury and Chatterjee (1979), that
Solasodine concentration decreases with incregase in altitude, as
shown at Darjeeling Himalayas, In conclusion it may be noted
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that the wide ecological awplitude of S. khasianum is both due
to its ecological adaptibility within the species and also due
to its great plasticity, shown from our nutritional studies.

SUMMARY

Growth yield and adaptation behaviouf of different altitu-
dinal populations of Solanum khasianum Clarke were studied both
under natural conditions and under cultivation. The differences
in phenological events in this species under natural conditions
at lower and higher altitudes, is related to its optimum tempera=
ture requirement for gvowth. Howéver, under recipiocal cultivae
tion no differences were revealed with regard to its phenology.
In general the pour growih performance of all the populations at
lower altitude indicate the greater sensitivity of this species
to higher temperature conditions and probable requirement of
lower temperature for better growth differential behaviour of
altitudinal populations indicate some degree of adaptation to the
local habitat conditions. Though no correlation was observed
between the solasodine content and the altitudinal population,
the Cherrapunjee population possessed a comparatively higher
solasodine content in the berries.



CHAPTER III
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SEED GERMINATION STUDIES ON SOLANUM KHASIANUM CLARKE.

INTRODUCTION

Seeds of many weed species do not germinate when freshly
harvested, or will do so only within a restricted temperature
regime (Roberts and Lockett, 1979). If held in dry storage
or kept moist, various changes may occur in the temperature
limits for germination (Vegis, 1964). Such changes also occur
in seeds in the seil or on soil surface and their relationship
with the seasonal temperature cycle governs the period of seed-
ling emergence (Roberts and Lockett, 1979).

Chabot and Billings (1972) working in the Sierra Nevada of
California, have investigated ecotypic differentiation in seed
germination along altitudinal gradients. They found no signi=
ficant differences in the rate of seed germination at different
temperature regimes among different altitudinal populations of
a wide variety of species.

Solanum khasjanum Clarke, a wild undershrub grows in the
hills of Meghalaya, ascending upto an altitude of 1500 m, Slow
and eratic nature of seed germination in $, khasianum have been
observed by various workers (Vicente, 19723 Chatterjee, 1977;
Chauhan, 1978). Well known methods such as removal of testa,
treatments with hormones as well as vitamin (ascorbic acid) were
tried but without much success (Pingle and Dnyansagar, 1979).
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The present study is an attempt to understand the extent
to which the altitudinal populations of S. khasianum differ
from each other with respect to their temperature optima for
seed germination along an altitudinal gradient.

METHODS OF STUDY

Ripe bomu of different altitudinal populations of
Solanum m Clarke were collected from natural popula=
 tions at Burnihat (100 l), Cherrapunjee (1300 m) and Shillong
(1500 m), Seeds were extracted, washed in running tapwater
for about half an hour and dried at room temperature (unless
otherwise mentioned). Germination tests were performed in
petridishes containing a Whatman filter paper over a thin layer
of cotton wool moistened with distilled water. The following
experiments were performed using three replicates of 100 seeds
in each replicate,

a) Storage effect:

Freshly collected seeds were washed, dried and stored in
dark bottles at a constant temperature of 25°C and bimonthly
germination tests were done at two temperature regimes of 25°C
constant and 15°/25°C alternating temperatures,

b) Temperature and light effect:

Six months' 0ld seeds were tested at a range of constant



temperature regimes of 10°, 15°, 20°, 25°, 30° and 35°C.
This experiment was done in unlighted incubators, except
for exposure to diffused day light, while watering the
petri-dishes and counting the germinated seeds, every day.

In another experiment seeds were kept either in come
plete darkness or in continuous light at 10°, 15° and 25°C
constant temperature regimes,

In a third experiment seeds were put to three alter-
nating temperature regimes of 10°/25°C, 10°/30°C and 15°/25°C;
keeping the seeds at lower temperatures for 8 hours and at
higher temperatures for 16 hours, The warmer phase of the

thermoperiod synchronized with photoperiod.
¢) Germination inhibitor:

Seeds were extracted from freshly collected berries and
put to germination tests on petri- dﬁhu without clearing at
15°/25°C alternating temperature (light regime coincided with
higher temperature). From the same collection another lot of
seeds were washed thoroughly in running tap water for 24 hours
and subjectad to similar temperature regime. Some berries from
the same lot were pressed to crack (for easy and proper drying),
sun=dried and stored at 25°C and put to bimonthly germination
tests at 15°/25°C altermating temperature regimes as before.
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RESULTS

a) Effect of storage period on germination::

Seed germination at 25°C constant temperature improved
with storage, reaching a maximum after six months, Storage
duration longer than this resulted in gradual decline in
germination, No significant differences were noted between
the different populations (Fig. 3.1).

A similar pattern in germination with storage was also
observed when tested at 15°/25°C alternating temperature
regime, the only difference being that germination was signie
ficantly higher at this temperature treatment., Further, maxie
mun germination was obtained after ten months of storage
(Fige 3.2).

b) Effect of temperature and light on germination:

In the experiment where germination was tested at diffe~
rent constant temperature, with some diffused light, germina=
bility of the seeds of all the populations improved with
increase in temperature, reaching a maximum at 25°C constant
temperature after which it declined., Very low germination was
obtained at extreme temperature regimes of 10°C and 35°C
(Fige 3.3}

However, when the seeds were exposed to continuous illu~



Fige 3.1. Effect of storage period on the germination of
three populations of 3, khasianus seeds at

constant temperature (25°C),
A, Butnihat; @ , Chequpuh‘,ee; o, S‘h-‘llm}.
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Fig. 3.3, Effect of different constant temperature regimg
on the germination of the three populations of

S« Rhasianum Seeds under diffused light.
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mination at constant temperature regimes of 10°, 15°* and 25°C,
a slight improvement in germination was observed. Over those
under partial diffused light, However, the response pattern
of the seeds to increase in temperature was not different
from the above experiment (Fig. 3.4). Under total darkness
seeds failed to germinate both under constant and alternating
temperature regimes,

At alternating temperature regimes, where light exposure
were given during the high temperature cycle, maximum germinae
tion oceurred at 15°/25°C temperature regime, Again, no signie
ficant differences between the populations with respect to
temperature and light requirement for germination were obserwved
(Fige 345).

¢) Germination inhibitor, washing and storage effect:

When seeds from the fresh berries were directly put teo
germinate under optimum temperature regime of 15°/25°C no gere
mination occurred, however, this inhibitory effect was removed
on washing in rumning tap water for 24 hours and the seeds
subsequently gave 50% germination (Table 3,1)s This inhibitory
effect was also removed on dry storage of unwashed seeds, and
the seeds gave 62% germination after six months of storage
period, All the peopulations behaved in a similar manner and no
significant differences hetween the populations were discernable
(Table 3.2).



Fig. 3.4, Effect of different temperature regimes on the

gernination of three populations of S. khagianum

seeds under continuous lizht conditions.
0, Simllc'nj , 2 )Cmrrayund'm; &3, Bura hat
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Fige 3.5, Effect of alternating temperature and light
conditions on the germination of the three
populations of S. kKhaslanum.
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Table 3.4, Effect of 24 hours' washing of the seeds under
running tap water on the germination of

S khasianum
Population Germination (%)
Unwashed Washed
Shillong 0 55.2
Cherrapunjee 0 51.6
Burnihat 0 48,2
LeS.D 1.23

P = 0,05
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Table 3.2. Effect of storage period on the germination
of unwashed seeds of S, khasisnum

Germination(%)
Population Storage period
2 months 4 months 6 months
Shillong 7.5 12,2 5443
Burnihat 8.2 15.6 56.8
LeS.D, 3.2 5.3 8.1

P = 0,05
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DISCUSSION

Germination is an important ecological event affecting
distribution of species population in nature (Ramakrishnan,
1963, 1965)., Germination is the outcome of the interaction
of various enviromnmental factors with the intkinsic capabilie
ties of the seeds and the initial step in germination is the
reactivation of the system conserved during seed maturation

(Gupta gt al., 1975).

Most of the seeds in this speclies remain dormant for the
first two months and attain maximum germination after six
months, Unlike many other species (Pamadasa and Lovell, 1975)
S. khasianum seeds showed no widening for the temperature
limits for germination. Similar observations were also made
by Roberts and Lockett (1977) in the case of S, dulcamara, In
all stages of storage period, alternating temperature proved
to improve germination percentage. Similar observations were
also made by Vicente (1972) in this species and also in the

case of Digitaria adscendens (Ramakrishnan and Khosla, 1971).

Seeds of 3. khasienum are found to be positively photo=
responsive, Similar observation was also made by Laha and
Basu (1980), Vicente (1972) also reported stimulation of seed
germination at all temperature regimes when light was provided
compared to that in diffused light. However, there was no
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marked improvement in seed germination in continuous light
compared to that at partial diffused light, indicating that
the quantity or duration of light required is not critical
for seed germination in this species. But at both constant
and alternating temperature regimes seeds failed to germinate
in complete darkness, though, Laha and Basu (1980) reported
that photodormancy in this seed could be overcome by GA,
application.

The fact that the fresh seeds failed to germinate unless
thoroughly washed for at least 24 hours, suggests the presence
of a water soluble inhibitor in the mucilagenous coating
surrounding the seed, The improvement in germination of the
unwashed seeds with storage suggests the degradation of the
inhibitory substance with time. Vicente (1974) also recorded
the presenceof water soluble inhibitor in this species,

Though a close correlation has often been recognized in
the germination behaviour of the ecotypic populations as in
Euphorbia thymifolia (Remakrishnan, 19654) and Egigevon dimifsh
(Remakrishnan, 1963), no such sifferences between the various
population were obgserved with respect to their seed germination
in the present case., This is in agreement with a similar study
done on altitudinal populations of a variety of plant species
by Chabot and Billings (1972), though, they were able to recog=
nise ecotypic differences in the adult plants. This also seem
to be the case (€.f, Chapters I and II) in S, khasianum.



o0

SUMMARY

This study deals with the germmination ecology of three
altitudinal populations of Solanum khasianum Clarke. No
ecotypic differences could be recognized between the diffe~
rent collections, Fresh seeds have dormancy which is due to
some chemical inhibitor in the mucilagenous coating on the
seed surface and dormancy is overcome by storage. Seed gere
n.tnaﬂ.cn was maximum at a constant temperature of 25°C after
six months of storage, while a higher maximum was obtained at
15/25°C after ten months of storage. Seeds are photosensitive,
with no seed germination occurring in total darkness. The
significance of these observations are discussed,
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STUDIES ON THE NUTRITIONAL ECOLOGY OF THE POPULATIONS OF
SOLAND KHASIANUM CLARKE

INTRODUCTION

Varietal differences in response to mineral nutrients in
crop plants are very well known., Differential response of
natural populations to calcium nutrition has received consi-
derable attention mainly due to the interest of ecologists in
the calcicole - calcifuge problem in plants (Ramakrishnan,
1961, 1965a, b; 1969; 1971} Ramakrishnan and Singh, 1966}
Rorison, 1960a, bj Snaydon and Bradshaw, 1961). Differential
response to nitrogen, phosphorus and potassium has also been
shown by different workers in a mumber of species (Vose, 19633
Snaydon and Bradshaw, 19623 Ramekrishnan, 19703 Ramakrishnan
and Gupta, 1972, 1973).

Published reports with regard to growth and yield of
Solanum khasianum Clarke are restricted to field fertilizer
trials (Chowdhury gt al., 1979) and Hazarika gt al. (1978)
indicated the plant has a high demand for major nutrients more
particularly for nitrogen. Besides, contradictory reports
have appeared with respect to solasodine content in this spe~
cies collected from different areas, The range varies from as
high a value as 5.4% (Maiti gt al., 1964). A mumber of factors
like the population characteristics, nutrition, age and vigour
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of the plants could be responsible for the differences,

Preliminary observations on the distribution of
S, khasianum in Meghalaya suggests that this species occurs
on diverse soil types, such as at Cherrapunjee (55 km from
Shillong) where the available calcium content in the soil is
fairly high as compared to that in the soil &t Shillong.
Hence, a detailed study of growth yield and nutritional ecolo=
gy of this species with respect to these two populations were
undertaken,

METHODS OF STUDY

Sand culture experiments were set up using plastic pots
of 12 cm diameter, Sand and pots were prepared using the
procedure as suggested by Hewitt (1966). Uniform seedlings of
the two populations of 3. khasianum from Cherrapunjee and
Shillong raised on clean sand were transplanted to the sand
culture pots, Plgnts were grown from April to October, 1978.
All experiments were replicated five times,

After the seedlings were transplanted to the pots 100 ml
of the appropriate nutrient solution was added to the pots
every alternate day. Once in a week the sand in the pot was
eluted thoroughly using tap water followed by distilled water,
The experiments were performed in a net house covered with
trangparent polythene sheets; in order to protect the plants
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from wind and dust. The plants were exposed to natural
diurnal fluctuations of light, temperature and humidity.

The composition of the nutrient solution in ppm was
basically the same as given by Hewitt (1966): calcium, 50
(calcium nitrate); sodium, 115 (sodium nitrage); potassium,
78 (potassium nitrate); magnesiim,. 37 (magnesiim sulphate)j
nitrogen, 133 (in salts); phosphorus 41,3 (sodium dihydrogen
orthophosphate) 3 iron, 5 (ferrous sulphate); manganese 0,55
(manganus sulphate); zincy. 0,066 (zinc sulphate)s boron,
0.37 (voric acid); copper 0,064 (copper sulphate); molybde-
num 0,019 (ammonium molybdate) s

In one experiment, six levels (2.5, 5, 10, 25, 50 and 1.
100 ppm) of calcium were obtained by adding appropriate
amount of calcium nitrate with compensatory changes in sodium
nitrate. The levels of sodium were inversely proportional to
calcium within a range of 170«57.5 ppme pH of the solution
in all cases was maintained at 6.5,

In another experiment, plants were grown at three levels
of nitrogen, 63, 98 and 133 ppm by altering the amount of
sodium nitrate in the nutrient solution, without any compensa~
tory change in any other nutrients. pH of the nutrient solus
tion was maintatned at G.5.

Phosphorus levels were varied in another experiment by
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altering the amount of sodium ortho-phosphate without any
compensatory changes in any other nutridtn. Three levels
of phosphorus of 4.13, 41.3 and 123.9 ppm were maintained
at pH 5.

In the fourth experiment three potassium levels were
maintained at 7.8, 78 and 234 ppm by varying the amount of
potassipm nitrate, Uniform levels of nitrogen were maine
tained in all these three treatments by varying the amount
of sodium nitrate in the medium, piH was adjusted to 6.5.

After pecording the various growth parameters the
harvested plant tissue was dried and analysed for different
elements, Nitrogen was determined by micro~Kjeldahl method
and total phosphorus was determined colorimetrically by
phospho=molybdate blue method (Piper, 1944), Calcium and
Potusiin were determined after dry ashing of the shoot
material and following the procedures outlined by Allen
(1974), thus potassium was determined flame photo-metrically
and calcium by EDTA titration method.

Alkaloid concentration was measured colorimetrically
(Crusemna gt al., 1965) which involved extraction of the dry
powdered berries with a mixture of alcohol, acetic acid and
water and finally bringing the glycoalkaloid in solution after
precipitation and purification,
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Soil samples were collected from Shillong and Cherrapunjee
from a depth of 15 = 20 cm. pH of the soil was determined
electrometrically using fresh soil samples., The air dried soil
samples were ground and seived through a 2,54 mesh, Chemical
analyses of the soil samples were done by standard procedures
as outlined by Jackson (1958) and Allen (1974). Total nitrogen
was determined by Kjeldahl method and available phosphorus was
determined colorimetrically using phospho=-molybdate blue-method
Exchangeable potassium and calcium were extracted by leaching
the soil with normal ammonium acetate at pH 7. Potassium was
estimated flame photometrically and calcium was determined by
EDTA titration method, using Eriochrome Black T,

RESULTS

Soil:

The soil from the two localities, Shillong and Cherrapunjee
differed considerably in their chemical composition, While the
pH of Shillong soil was quite acidic, the Cherrapunjee soil was
close to neutrality., Nitrggen and available phosphorus levels
in the Shillong soil was higher as compared to the Cherrapunjee
soil, However, the Cherrapunjee soil had significantly higher
levels of exchangeable calcium and potassium than that found in
the Shillong soil (Tav-4.1).
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Table 4.1, Analysis of the soll from the two localities
where the populations of 3. khasianum gréw

S ol

Exchangeable bases
Locality (m.e. %)

pH N(%) P(ppm) Ca K

Shillong 5.2  0.21 23,42 2.13 0,26
#0,18 20,04 25,81 20,36 0,03

+0.16 20,06 +27.35 £1.21 10,08
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Effect of varied calcium levels on the two populations of
S. kthasianums

The dry weight increased in both the populations with the
increase in calcium content in the medium upto 50 ppm level,
beyond which it tended to decline, At 50 ppm calcium level dry
weight yield by the Cherrapunjee population was significantly
higher as compared to the Shillong population. On the other
hand, at lower calcium levels of 5 and 10 ppm, the yield of the
Shillong population was significantly higher as compared to
that of the Cherrapunjee population,

While the root yield of the Shillong population reached a
maximum value at 25 ppm level, that for the Cherrapunjee popu=
lation was attained at 50 ppm level, Significantly low levels
of root yield for the Chaerrapunjee population was observed only
at 2,5 and 25 ppm levels of calcium,

Shoot/root ratio did not follow any particular pattern for
the two populations at different calcium levels, At 50 and 100
ppm levels of calcium the Cherfaspunjee population showed signie
ficantly higher shoot by root ratio, vhereas the reverse was the
case at 5 and 10 ppm levels of calcium,

Calcium levels in the plant tissue increased in the
Shillong population with increase in calcium concentration in
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the medium from 2,5 to 50 ppm, beyond which it tended to
degline. However, this was not significantly affected for
the Cherrapunjee population at different calcium levels.
Caleium levels in the plant tissue was significantly higher
in the Shillong population as compared to the Cherrapunjee

population only at 25 and 50 ppm calcium level in the medium,
(Tab.4.2). -

In the case of the Shillong population fruit yield
increased with increase in the calcium level of the medium
upte 50 ppm, while at 100 ppm the yield decline, The yield
of the Cherrapunjee population was maximum at 100 ppm level
of calcium, At all levels it was not significantly affected.
Shillong population had a higher fruit yield at 25 and 50 ppm
calciun levels as compared to the Cherrapunjee population,
However, the Cherrapunjee population had a higher fruit yield
at 2,5 and 5 ppm calcium level, as compared to the Shillong
population. At 100 ppm level of calcium, fruit yield of the
two population was not significantly different,

Solasodine concentration in the case of the Shillong
population was not significantly affected though maximum values
were obtained at 50 and 100 ppm levels of calcium, For the
Cherrapunjee population, solasodine concentration was generally
higher at calcium levels beyond 10 ppm. Further, significantly
higher concentration of solasodine was obtained for the
Cherrapunjee population compared to the Shillong population
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Table 42, Effect of varied levels of calcium on the growth
and calcium content in the two populations of -

Se khasianum
~ L.8.D
Levels of Calcium (ppm) P=0,05
Population 2.5 5 10 25 50 100

Shillong 25,57 29,10 32,02 35.95 35.22 34.54
plant Cherrapunjee24,.85 26,32 30.35 34.07 39.85 38.81

Shillong 7.85 8,07 7.81 10,65 9.75 9.43
eld 1

Root o

Shillong 3.51 4485 4,53 3.54 3.87 3.72
Shoot/root 0.6
ratio Cherrapunjee 4.84 3.73 3.75 3.81 4,08 4,36

€alcium 0.2
% Cherrapunjee 1.32 .38 1.34 1.40 1.38 1.38
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Table 4.3, Effect of Calcium on solasodine percentage and
yield in the two populations of S. khasianum

LeS.D
Levels of caleium (ppm) P = 0,05
Population 2.5 5 10 25 50 100
l‘m}; yield 1.42
(/plant o orrapunjee 3.26 3.26 3.65 3.94 3.06 4.28
3M11m 00503 0.518 0.’7’ 00”1 0053? oos’s
Solasodine _ 0.26
(%) Cherrapunjee 0,660 0,563 0,833 0,832 0,900 0,835
Shiilong 5.3 5.3 8.3 17.1 32,5 22,0
3.2

Solasodine |
,’,{.',’,1,2 (ng)/ Cherrapunjee2i,5 18.4 10,1 15.3 27.5 35.7
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beyond 10 ppm levels of calcium,

Solasodine yield per plant increased at high calcium
levels of 50 and 100 ppm in the case of both the populations.
However this increase was more pronocunced for the Shillong
population compared to the other. At lower calcium levels of
25 and 5 ppm and at 100 ppm also, solasodine yield in the
Cherrapunjee population was higher compared to the Shillong
population(?ﬁb-4=%)a

Effect of varied nitrogen levels on the two populations of
Se khastanum:

The dry weight yield of shoot of both the pepulations
increased significantly with increase in the nitrogen level
in the medium and this was more pronounced for the Shillong
populations A significant difference between the two populas
tions was noted only at 133 ppm level of nitrogen where the
Shillong population gave higher yield,

The dry weight yield of root of hoth the populations
increased significantly at the medium nitrogen level of 98 ppm
and declined at 133 ppm level, The Shillong population con=
sistently gave higher root yield compared to the Cherrapunjee
population at all levels of nitrogen.

The shoot/root ratio was markedly higher for both the
populations at 1353 ppm level of nitrogen. Further at all
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levels of nitrogen the ratio was significeantly higher for the
Cherrapunjee population compared to the other one,

Nitrogen level in the plant tissue of both the populations
increased with increase in nitrogen level in the medium, This
increase was more marked in the case of the Shillong population
compared to the Cherrspunjee population, A significantly higher
level of nitrogen was found in the Cherrapunjee population at 63
and 133 ppu levels of nitrogen( Tab 4-4.).

Fruit yield of both the populations increased with increase
in nitrogen level in the medium, However no significant diffee
rences were observed between the two populations with respect to
fruit yield at varied levels of nitrogen in the medium.

While solasodine concentration of Shillong population
increased with increase in nitrogen level and remained almost at
the same level at 98 and 133 ppm levels of nitrogen, that of the
Cherrapunjee nopulation increased significantly at 98 ppm level
followed by a significant decline at 133 ppm level, A signifie
cantly higher solasodine concentration was observed for the
Shillong population at 133 ppm level of nitrogen only., At other
levels, no significant differences were noted between the two

populations,

At 98 ppm level of anitrogen, the Shillong population showed
a significant increase in solasodine yield over that at 63 ppm
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Table 4.4, Effect of varied levels of nitrogen on the growth
and nitrogen content in the two populations of
Se khasianum
Nitrogen levels (ppm) LeSeD
Population 63 98 133 P =009
Py 2,85
o Cherrapunjee 30,24 33.88 40,72
Root yie . ,
o ,p{:m 1.02
Cherrspunjee 8,12 11.25 9.32
Shillong 3.23 3.0 4,51
Shoot/root 0,14
ratio
Cherrapunjee 3.75 3.20 4e71
Nitrogen 0.413
(%) Cherrapunjee 3.526  3.813  4.816




64

Table 4.5 Effect of varied levels of nitrogen in solaso=
dine content and yield in the two populations

of 3. khasianum
Levels of nitrogen (ppm) ot
Population 63 ) 133 FP=0.05
Shillong 1.22 37 4e26
F M{Jtdd ’ 1,08
Cherrapunjee 1,51 3.21 4,62
Shillang 0.682 0.843 0.849
sou&am 0417
Cherrapunjee 0,623 0,945 00,6052
Shillong 16.3 31.6 35.9
12,0

S0
yield 53/
plant Cherrapunjee 24,1 30.3 27.9

S - = S =>-
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level, At 133 ppm nitrogen level the yield was about the

same as at 98 ppm level. The yield of the Cherrapunjee popu=
lation at varied nitrogen levels was however not significantly
affected  Tab. 4 5):

Bffect of varied phosphorus levels on the two populations of
Se Khasianum ¢

The dry weight yield of shoot of both the populations
increased significantly at 41,3 ppm levels of phosphorus and
declined significantly at 123.9 ppulevel. No significant dife
ferences were observed between the two populations in any of
the phosphorus treatments.

Both the Shillong and the Cherrapunjee populations behaved
in a similar way with regard to root dry weight yield as that
observed for shoot yield.

The shoot/root ratio of both the Shillong and the Cherra=
punjee populations decreased with increase in the level of
phosphorus in the medium, A significantly higher shoot by root
ratio in the Cherrapunjee population was observed only at the
highest level of phosphorus(%ab 4-6).

Solasodine concentration declined significantly at 123.9
ppa level of phosphorus, compared to the lower levels, in both
the populations. A significantly higher concentration of sola=
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Table 4.6, Effect of varied levels of phosphorus on the
growth and phosphorus content in the two

populations of 3. khasianum

Levels of phosphorus (ppm) L.S.D

Population 4,13 41.3 123.9 P = 0,05
Saillong 32.14 35.96 30.26
Sho?:) yield 2,7
CM"M" 3 087 36.17 29.85
Siaillong 9.32 11.80 10.21
Roo‘(t Ji‘ld 1.2
Cherrapunjee  8.14 10,36 9.25
ni1d 3.6 3.0 2,66
Shoot/root e 0.5
ratio
Cherrapunjee 3N 349 3.39
Saillong 0.32 Q.34 0.39
Phosphorus 0.1

¢ Cherrapunjee 0,31 0.36 0.35
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Table 4.7« Effect of various levels of phosphorus on
solasodine content and yield in the two

populations of 3. khasianum

| LeSeD
Levels of phosphorus (ppm)

Population b 41.3 123.9 P = 0,05

e

Shillong  ®.81 344 3,12
Fruit yield T e

lant
(&/p Cherrapunjee 1,65 3.18 2.06

Solasodine 0.21
% .

Shillong 16,7 31.8 155
Solasodine yield 8.0

(mg) /plant
Cherrapunjee 10.2 19.5 8.9
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sodine was observed at low phosphorus levels only.

Solasodine yleld of both the populations improved signi-
ficantly at 41,3 ppm level of phosphorus compared to 4,13 ppm
level of phosphorus. A significantly higher level of solaso=
dine yield was observed in the case of the Shillong population
at 41,3 and 123.9 ppm levels of phosphorus{Tab.4.7).

Effect of varied potassium levels on the two populations of
e kbasloaum:

The dry weight yield oflahoot of both the populations
increased with increase in potassium level in the medium. A
significantly higher yield for the Shillong population compared
to the other was observed at 78 ppm potassium level, while at
other levels of potassium, the yield was not significantly dife
ferent,

The root yield increased with increase in potassium level
in the mediunm in the case of both the populations and this was
more pronounced in the case of the Shillong population, vhile
at 78 ppm potassium level the Shillong population showed a
higher root yield than that of the Cherrapunjee population, at
234 pom level the root yield of the Cherrapunjee population
was significantly higher as compared to the other,

The shoot by roeot ratio of both the populations increased
with increaseé in potassiun level in the medium, However no



Table 4.8¢

Effect of varied levels of potassium on the

growth and potassium content in the twe

populations of 3. khasianum

Levels of potassium (ppm) L.S.D

Population 7.8 78 234 P = 0,05
Shillong 27415 3397 3759
Shoot J“m 2431
( Cherrapunjee 25,79 29476  37.19
Shillong 6.80 12.38 15.15
Root gold 2.4
( Cherrspunjee 6.4k 957 18455
Shilliong 4,09 2,74 2,46
shoot/root 0103
ratio
: Cherrapunjee 4,06 3.10 2458
smlm 0.36 0061 0063
Potassium % 0.108
Cherrapunjee 0,28 0.58 0.63
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Table 4.9,

Effect of varied levels of potassiuvm. on solasos
dine content and yield in the two populations of

S. khasianum
—
Levels of potassium (ppm) g l';s;:
Population 7.8 78 234 )
FM‘(’; {101(1 0.125
. Cherrapunjee 0.85 be16 434
Shillong  0.6521 0.8326 08453
Solu;dint 0,206
Shillong 16.2 17.7 35.4
Solasodine | 8.0
yield (82)/  cpoprapunjee 12,8 302 3641

plant
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significant differences were discernible between the two
populations (Tab.4-8).

In gen/oral' fruit yield of both the populations increased
with increase in potassium level in the medium, however, no
significant differences were observed betwsen the two populaes
tions in any of the treatments,

Sclascdine concentration in the case of the Shillong popu=
lation increased at higher potassium levels, though this was
not significant at 5% level of probability., However the concen=
tration in the case of Cherrapunjee population increased signie
ficantly at the higher levels of 78 and 234 ppm potassium,
compared to 7.8 ppm level, No significant differences could be
noted between the two populations in any of the treatuents,

Solasodine yield of both the populations increased signifie
cantly at 234 ppm level of potassium compared to the lower levels,
in the case of the Shillong population whereas such an increase
could be noted even at 78 ppm level, in the case of the
Cherrapunjee population. A significantly higher solasodine yield
for the Cherrapinjee population could be observed only at 78 ppm
level of potassium{ Tab. 4-9).

DISCUSSION

In nature, populations of S. khasianum often occupy very
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diverse habitats., One of the main differences between the
two soil types is with respect to available calcium in the
 soil, Cherrapunjee soil being derived from calcareous

parent material has a pH close to neutrality and a high
available calcium while Shillong soil is quite acidic and
with a low available calcium status, Moreover, these two
substrates differ not only with respect to available calcium
but also on account of other nutrients like nitrogen and
potassium and to some extent phosphorus. Thus, the nonecalca=
reous soil at Shillong had higher nitrogen and slightly higher
phosphorus status though potassium level was significantly
lower., Even otherwise, the availability of these nutrients
are likely to be widely different in calcareous and non-calce=
reous soils as suggested by Ramakrishnan and Gupta (1973) and
Kapoor and Ramakrishnan (1974) because of high pH and saturation
of exchange complex with calcium, in the former soil type.

Calcium has been implicated as an important factor for
population differentiation at subspecific level since long
(Ramakrishnan, 1958, 1960, 1961, 1965a, b, 1968a, b, 1969, 1970,
1971; Ramakrishnan and Singh, 1966; Kapoor and Ramakrishnan,
1974) . Since the calcareous and non-calcareous soil types differ
from each other, primarily with respect to available calcium
level this factor has a direct role in the restriction of calci=-
coles and calcifuges., Thus, the studies of Ramakrishnan and his
co=workers (cited above) and Snaydon and Bradshaw (1961) have
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shown that response of populations of closely related species
from contrasting habitats are related to calcium tolerance,

In the present case, the Cherrapunjee population of 3., khasianum
was found to respond more favourably to increase in calcium
level of the soil compared to the Shillong population., In fact,
at very high calcium levels the shoot yhld of the Cherrapunjee
population was significantly higher,.

Snaydon and Bradshaw (1961) in the case of Fgstuca gvina
and Ramakrishnan (1969) in the case of Hypericum perforatum |
showed poor rooting ability of the calcareous populations. Such
a behaviour of the calcareous population at low calcium levels
may influence nutrient absorptive ability, thus restricting
growth of this population in nonecalcareous soils. The present
results confirm this where the Cherrapunjee population of
Se khasianum showed significantly lower rooting at 2.5 ppa level
of calcium compared to the other,

Greater selectivity in the absorption of calcium was recorded
for the calcareocus populations in the case of a mmber of studies
(Ramakrishnan, 1968a, 1969, 1971) and this selectivity was implie
cated to explain the gemerally low calcium level in the plant
tissue of calcicoles, which became very obvious only at calcium
levels between 10 to 50 ppm in the present case. According to
this argument, calcifuges are able to accumulate sufficient
calcium from even a calcium poor soil while at very high calcium
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levels in themedium they accumulate too much of it often at
the expense of other cations (Jefferies and Willis, 1964).

There is a close correlation between the behaviour of
the two populations and the nitrogen status of the two soil
types in which they grow. Thus the Shillong population which
naturally occurred in a higher nitrogen status soil, responded
better to increased nitrogen level in the medium compared to
the other, though both showed increased shoot yield at higher
nitrogen levels. In fact, both at 98 and 133 ppmlevels of
nitrogen the yield of the Shillong population was significantly
higher than that of the Cherrapunjee population, This was
reflected also with respect to root yield of both the popula-
tions where the Shillong population was more responsive than
the other, Though fruit yield was not significantly different
at different nitrogen levels in the case of two populations,
the solasodine concentration showed a differential response in
the case of tﬂc two in a way that the concentration of the
Cherrapunjee population declined sharply at the very high
nitrogen level. This, therefore, got reflected in the total
solasodine yield of the two populations in respomse to nitrogen
in such a way that the Shillong population gave better response
to high nitrogen levels,

A number of workers have reported an increase in shoot/
root ratio with increase in nitrogen level in the medium

/
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(Black, 19573 Russel, 1961; Bradshaw gt al., 1964), an
observation similar to the present one both for the Shillong
and the Cherrapunjee populations. lowever, Ramakrishnan and
Gupta (1972, 1973) in the case of two closely related specioi
of Argemone and in the case of the calcareous and non-calca~
reous populations of Cynodon dactylon have shown differential
responses with respect to shoot/root ratic at different
nitrogen levels and have concluded that this may not follow
the general pattern as reported by other workers and shown
during the present study. In fact, Chadwick and Obeid (1963)
even suggested that nitrogen level might affect the shoot/root
ratio of temperate and tropical plants in different ways.

The two populations showed a similar response to phospho=
rus levels in the medium with a significant decline in yield
at very high phosphorus levels. Such a decline at high phospho=
rus levels may be indicative of mild phosphorus toxicity, also
reported from crop species growing in acid soils (Rossiter,
19523 Binghem gt al., 1958). The significantly higher toxicity
response of the Cherrapunjee population of S, khasianum compared
to the Shillong population is indicative of the lower suscepti-
bility of the former which naturally grows in a soil where
phosphorus availability may be limited due to unbalanced chemi~
cal nature of the soil. It may be noted that phosphorus in a
‘calcarcous soil probably remains unavailable due to the formation
of relatively unsoluble calcium phosphate., Hence greater
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fluctuations in the availability of this nutrient is to be
expected in a nonecalcarious rather than a calcareous soil
(Ramakrishnan and Gupta, 1973), Such a differential
response to phosphorus toxicity has also beenreported in
populations of Cynodon dactylon (Remakrishnan and Gupta,
19733 Gupta and Ramakrishnan, 19?7). This susceptibility

of the Cherrapunjee population to phosphorus toxicity is also
reflected in the fruit yield of the Cherrapunjee population
vwhich was more adversely affected at very high phesphorus

level,

The response of the two populations with regard to
shoot yield was not very different, though the root yield of
the Shillong population tended to be higher at low potassium
level (78 ppm) and the reverse being true at 234 ppm level of
potassium, Increase in potassium level also favoured fruit
production, solasodine concentration of the berries and the

consequent yield of sclasodine,

In the case of S, kbasianmum it is evident, on the basis
of what is described above, that there are at least two edaphic
ecotypas differentiated on the basis of calciun and other
related changes in nutrient availability as seen from the beha=
viour of the two populations from Shillong and Cherrapunjee.

Maiti gt al (1965) reported a very high level of solasodine
concentration (3.2%) for the population of S. khasianum collected
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from Cherrapunjee. The present results do not confirm this
but indicate that the concentration in any case does not
exceed 0.,94% on dry weight basis. This is not very high
from the maximum of 0¢92% obtained here for the Shillong
population, In other words, while definite evidences are
available for differences in population from Shillong and
Cherrapunjee, the solasodine concentration and yield are
dependent upon the nutrient status of the medium whichy of
course, may result in a differential behaviour,

SUMMARY

Differential response of natural populations to calcium
nutrition has recelved considerable attention mainly due to
the interest in calcicole-calcifuge problem in plants., A
differential response to nitrogen, phosphorus, potassium and
calcium was observed for the two populations of Solanum
khasianum Clarke naturally occurring at Shillong and Cherra=
punjee. The soil nutrient status of these two sites differed
considerably specially with respect to calcl\-‘ content, The
Cherrapunjee population “.g. khasianum was found to respond
more favourably at higher clacium level in the medium as come
pared to the Shillong population, which could be related to
the calcium tolerance of the calcareous population., A cloio
correlation was obgerved between the behaviour of the two popu=
lations and the nitrogen of the two soil types in which they
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grow, Thus, the Shillong population whi#h naturally occur in

a2 higher nitrogen status soil repponded better to increased
nitrogen level as compared to the other, The two populations
showed a differential response to phosphorus levels in the
medium, The significantly higher toxicity response of the
Cherrapunjee population compared to the Shillong population is
indicative of the lower susceptability of the former which
naturally goows in a calcareous soil, The growth response of
the two populations with regard to potassium nutrition was not
very different, The increase in potassium level favoured fruit
production, solasodine concentration and yield, The solasodine
concentration and yield in this species are dependent upon the
nutrient status of the medium, which of course, may result in a
differential behaviour,



CHAPTER V
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INTRODUCTION TRIAL AND GROWTH PERFORMANCE OF SOLANUM LACINIATUM
AIT. AND . AVICULARE FORST, AT DIFFERENT ALTITUDES IN
MEGHALAYA,

INTRODUCTION

Solanum laciniatum Ait. and 3. gvigulare Frost. are endemic
to the Australian region, confined to the mesic areas of eastern

and southern Australia (Randell and Symon, 1976). Both the
species had been under investigation for a number of years, in
Russia (Siniecin, 1963), in New Zealand (Fryer, 1972), in India
(Kapoor and Kapoor, 19653 Sastry, 1973). Besides these two spe=
cies, many other Solanum species were suggested as commercial
sources of solasodine (Schreiber, 1974) but in those species
glycoalkaloid mainly occurs in the fruits, often causing practical
difficulties in harvesting the crop. In S. lagciniatum and

S. aviculare, however, a moderately high level of solasodine
occurs in the vegetative parts of the plant (Lancaster and Mann,
1975) and could be harvested with minimum efforts.

Germination of the seeds of 3., laciniatum and S. aviculare
has been reported to be slow and eratic under field condition

(Foldesi, 19643 Fryer, 19723 Sudiatso gt gl., 1974). The slow and
eratic nature of germination is a serious obstacle in the cultivae
tion of these crops (Porter and Glimore, 1976).
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The possibilities of introducing S. laciniatum in the
plains of northeecastern India was studied earlier at Regional

Research Laboratory, Jorhat (Bordoloi gt al., 1976). During
the present study apart from working out the germination
requirements of these two species, an attempt was also made
to explore the possibilities of successful introduction and
cultivation of these two species, by growing them at different
altitudes in Meghalaya.

CLIMATE

The climate of Burnihat and Umsaw is characterized by
seasonality of rainfall, The rainy season extends from May to
September, when about 90% of the average annual rainfall occurs.
This period is also characterized by high humidity.

At Burnihat during this season the average maximum tempe=
rature was 33,5°C and the average minimum was 23,3°C. At
Umsaw the average maximum temperature during the season was
32,6°C and the average minimum was 22,4°C, There was a mild
wvinter at these two places during December to February., During
this period the average maximum temperature at Burnihat was
27.8°C and average minimum was 14°C and at Umsaw the average
maximum temperature during this season was 25°C and the average
minimum was 13°C,

Shillong has a monsoonic climate with annual rainfall of
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about 2150mm. The rainy season extends from May to September,
This period is also characterized by high humidity. At
Shillong during this season the average maximum temperature
was 22,5°C and the average minimum temperature was 16°C,
However, winter in Shillong is severe and extends from November
to February with an average maximum temperature of 17°C and
average minimum of 11,2°C, March and April are dry and compa=
ratively warm months with an average maximum temperature of
20,2°C and average minimum of 13,5°C (Fig.5.1-)

METHODS OF STUDY

Seeds of S. laciniatum and S. aviculare were tested for
germination in petri-dishes on moist Whatman filter paper over

a thin layer of cotton wool., Three replicates .each with 100
seeds were done for each treatment, G;ninnuon tests were
concluded after 45 dayse.

(1) Germination tests at 15°C constant temperature and 15°/25°C
‘altomting temperature were done under two light regimes using
four months' old seeds, The seeds were either germinated under
total darkness or were subjected to 8 hrs. light and 16 hrs.
darkness. In the alternating temperature regime the light
period coincided with low temperature treatment.

(11) In another experiment seeds after different storage period

were placed in dark at three constant temperature regimes of 15°C,



Fig. 5.1, Ombrothermic diagram for Umsaw (1977=1979).
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20°C and 25°C and three alternating temperature regimes of
15°/25°C, 20°/25°C and 20°/30°C, The seeds were kept at
higher temperature for 16 hrs. and at lower temperature for
8 hrs,

Individuals of both §, laciniatum and S. aviculare were
raised in 1977 at Shillong, using the seeds obtained from

New Zealand. Uniform shoots obtained out of the cuttings
made from young branches were planted in polythene sleeves
(30 x 10 cm) filled with equal portions of soil and farmyard
manure, After noting the rooting pattern of these cuttings,
after eight weeks under Shillong condition at an average eute
side temperature regime of 15°/22°C, the rooted shoots were
transplanted at three sites over an altitudinal gradient at -
(1) Burnihat (100 m), (ii) Umsaw (550 m) and (iii) Shillong
(1500 m), during December 1978, Growth measurements were
taken at Burnihat and at Umsaw after six weeks of planting as
the plants made very poor growth, Only at Shillong observa=
tions were made after one year of growth period. All the
experiments were replicated 10 times.

Solasodine concentration of the plant material wvas
measured colorimetrically (Crusenna gt al., 1965) which involved
extraction of the dry powdered leaves with a mixture of alcohel,
acetic acid and water and finally bringing the glycoalkaloid
into solution after precipitation and purification,
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Soil samples from different sites (10 replicates) were
collected from a depth of 10 - 20 cms pH of the soil was
determined electrometrically using fresh soil samples., The
air dried soil samples were ground and sieved and stored for
chemical analysis. The chemical analyses of the soil samples
were done by standard procedures as outlined by Jackson (1958)
and Allen (1974), Total nitrogen was determined by Kjeldahl
method and available phosphorus was determined colorimetrically,
using pholphn!dvbdgtl blue method, Exchangeable potaassium,
caleium and -agnosi\- were extracted by leaching the soil with
1N ammonium acetate at pH 7. Potassium was estimated flame-
photometrically., Calcium and magnesium were determined by EDTA
titration method using Eriochrome Black~T and Patten and
Reader's reagent as two indicators,

RESULTS
Soils

The soil in all the sites were acidic in nature, with a
pH range of 5.4 to 5.8, Nitrogen, phosphorus and calcium
content were significantly higher in Umsaw soil as compared to
the other two sites. Soil in Burnihat was in general poor in
nutrients, except it had a slightly higher phosphorus content
than that from Shillong (Table 5.1).



Table 5,1, Analysis of the soil from different localities
at different altitudes
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Exchangeable bases

Locality (mees %)
pH N(%) P{ppm) Ca K
SMllm 50“ 0.18 “8.61 0.23 0.“7 0.3
*C, 16 _’.0005 :‘0.92 :‘_0.“ 200“ 20,03
Umsaw 5.8 0.21 29,52 0.21 0.54 0.26
+0.14 $0,07  +3.,21 30,09 ¥0,07 #0.03
Burnihat 0.13 2144 0.16 0.38 0,29

5.7
+0.14 +0,03

+6.05 10,04 0,02 0,06
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Seed germinationt

Both the species behaved in a similar manner with respect
to light requirements tor germination. 7Thus germination was
very poor under total darkness, at a constant temperature of
25°C. Under alternating temperature regime of 15°/253°C, however,
germination was somewhat nigher under light conditionji whereas it
improved markedly in total darkness compared to that under

constant temperature conditions (Table 5.2). , .
, S A ) ® <

Germination of the seeds of both the species improved with

¥

storage, Further, gaerminability of the seeds of both the apecies
were higher under alternatin: tempe.ature regimes than at constant
temperature, Of all the three alternating temperature regimes
tried a wider fluctuation with lower temperatures was iound to be
optimum for seed germination (Table 5.3).

Growth yield:

&

The cuttings from young and mature branches railsed at
Shillong showed after eight weeks that rooting was markedly lower

in mature shoots than for young ones (Table 5.4).

Growth performance of both S. lacintatum and 3. aviculare
were very poor under Surnihat and Umsaw condition. Ihe individual
of both the species showed stunted growth, and the leaves became
chlorotic within a few weeks of their introduction to the field at
these two sites., Therefore, at these two sites plants were

P

a8



Table 5.2,
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Seed germination (%) of S. laciniatum and
S. gviculare at different temperature
regimes under light and dark conditions.

Temperature (°C)

Species Light conditions 25 15/25
Lt;ht/Dark 72.3 : 1.4 "06 : 9.8
S, laciniatum
Total dark 12.5 2’. 2.1 63.‘, .’_ 902
Light/Dark 68.6 = 12,5 T6.4 + 13,6
S. aviculare
Total dark 5.2 hd 2.3 “07 : 10.4




Table 5.5, Germination (%) of S. laciniatum and S. aviculare
- at different temperature regimes after different

storage periods.

Temperature (°C)
Species Sterage
rrm 15 20 25 15/25 20/25 20/%
weeks)

8 “08 506 8.5 “.’ 2’.3 22.7
$1.7 #2.8 £3.2 #13.2 3.4 5.1

S. laciniatum 246 10,2 8.7 15.7 T2.1 &1.8 38,2
.22.1 :302 _"}.8 ﬂ.? :12.3 ’;8.1

52 18.4 2.3 zz:z 86.2 46.5 42.1
:’.’ ha, +44,3 :_1100 ﬂo’ -’_1202

8 0 2.8 78 345 213 25.6
:1 oh :2.8 :6.7 :‘.5 +5.9

S. aviculare 24 0 5.2 13.2 571 35,7 27.8
+2.3 2‘)05 :803 :1003 1605

52 0 18,5 28.4 94,3 64,5 38.2
+541 :’.8 :1’.“ _4'_1102 :12.6




Table 5,4, Effect of stem maturity on rooting

of S. laciniatum and 3. aviculare
cuttings.

Rooted cuttings (%)
Species Mature Young

S. laciniatum 1.2 88.6

S, aviculare 18.5 7644

88



Table 5,5, Growth yield of S. laciniatum and S. gviculare at three altitudes in Meghalaya

arewth S. laciniatum S. aviculare
parameters Shillong Umsaw Burnihat Shilleng Unmsaw Burnihat

ngo.nnn"vlhuwﬁ 88,4 & 18,2 38,5 £ 1.2 40,2 % 8,3 695 £ 9.4 42,6 £ 6.8 34,3 £ 7.9

Shoot yield 16649 + 21,3 1.5+ 2,8 12,2 % 3.5  143.6 26,3 10,6 £ 5.9 13.8 + 5.4
(g) /plant

Root yield 26,8+ 92 452 13 3.920.73 13.728.3 4.2+ 0,78 3,9+ 0.67
(g) /plant .
Leaf yield 4.5 . 4 6.2 3.8 * 0,68 4.8 + 0,89 29.3 . 4 8.5 2.7 x O sty Bels . 4 0.71
(g) /plant
Solasodine 0.39 - = Q.45 - -
(%)
Solasodine yield 0,134 - - 0.121 - -
() fptent

68
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harvested after five weeks of growth, However, at Shillong
both the species gave good growth yields In general, the
growth performance of S. m was better as compared
to that of S, aviculare., However, solasodine concentration
was higher in S. aviculare, though sclasodine yield was

higher in S, laciniatum (Table 5.5).

DISCUSSION

Seed germination is a critical phase in the establishment
of any species (Clapham, 1956; Ramekrishnan, 1963)., Light and
temperature are two critical factors often implicated for
controlling the germinability of the seeds (Ramakrishnan,
1961). In the present case both Solanum laciniatum Ait, and
S. aviculare Frost. seem to be adapted to low alternating tem=
perature regimes, with better gemmination in light than in
darkness, Similar results with alternating temperature regimes
were also reported by Wakhloo (1964), while working with

germination behaviour of Solanum nlgrum and S. xanthocarpum,.
Similar observation was also made by Ramakrishnan and Khosla

(1971) in the case of Digitaria adscendens.

Both 8. laciniatum and S. aviculare received similar manage=
ment at all the three sites. Though the soil nutrient status of

the three sites were slightly different, no important nutritional
factor could be Zimiting plant growth. The differences in the
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growth yield of both the species at lower and higher altitudes
are likely to be related to the climatic differences, with
temperature as the determining factor for differences in growth.
These two temperate species native to New Zealand (Crush, 1973)
obviously require lower temperature condition for their proper
growth. The poor growth performance, and chlorotic appear-
ance of the leaves of these two species may be at least partly
due to the higher respiration rate as suggested by Cline gt al.
(1970), while working with altitudinal races of liimulus lewisii.
The present results are in contrast to the findings of Bordoloi
et al, (1976) on the growth and yield of S, laciniatum under
Jorhat condition, where seedling transplantation during November-
December resulted in better growth as compared to that done
during JanuaryeiMarch, It may also possibly be related to the
differences in the climatic conditions at the time when experie
ments were done at Jorhat, If this be so, then the growth pere
formance of at least S, laciniatum may chingo from year to year
depending upon fluctuations in climatic conditions.

Young stem cuttings of both S. laciniatum and 3. aviculare
readily produced roots while those from mature stems resulted in
poor rooting and this supports the findings of Bordoloi gt al.

(1976).

Under Shillong condition though solasodine concentration
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was slightly higher in the leaf tissue of S, agviculare than
in S. laciniatum, the overall yleld of solasodine was higher
in S, laciniatum., This is due to higher dry matter producte
ion by the latter, The present results on solascdine concenw
tration also gave lower values than that reported by Sastry
(1973) at Jammu, Bordoloi gt al. (1976) at Jorhat, However,
it is interesting to note that in S, laciniatum considerable
fluctuation in solasodine concentration occurred from year to
year ranging any where between 0,65 to 1.5% at Jammu (Sastry,
1973) and 0,95 to 1,15% at Jorhat (Bordoloi gt al., 1976).

It may also be noted that Kapoor and Kapoor (1965) while worke
ing with S, aviculare at Jammu, reported 0,86% solasodine in
this species, Besides, during the present growth studies at
Shillong, the solasodine concentration was found fo be not
more than 0,40%, These variations may be due to various
factors, such as period of cultivation, agro-climatic condi-
tions and differences in cultural practices. Thus though,

the growth of both 3. laciniatum and 3, avigulare were
encouraging under Shillong condition, the solasodine yield was
fairly low, |

SUMMARY

Solanum khasianum Alt. and 3. aviculare Forst, are two
exotic species endemic to the Australian region, During the
present study an sttempt was made to explore the possibilities
of successful introduction and cultivation of these two species,
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by growing them at different altitudes in Meghalaya. Both the
species seem to be adapted to low alternating temperature
regimes, with better germination in light than in darkness.
Young stem cuttings of both the species rapidly produced roots,
while those from mature stems resulted in poor rooting. At
higher altitude both the species gave good growth pesponse
vhile at lower altitudes veyy poor growth occurred. Though,
soil nutrient status of the three altitudes were slightly
different, no importent nutritional factor could be limiting
plant growth, The differences in the growth yield of both the
species at lower and higher altitudes are likely to be related
to the climatic differences, with temperature as the determining
factor for differsnces in growth, Though, the growth of both
the species were encouraging under the Shillong condition, the
solasodine yield was fairly low.



CHAPTER VI
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NITROGEN, PHOSPHORUS AND POTASSIUM NUTRITION OF
SOLANUM LACINIATUY ATT. AND S, AVICULARE FORST.

INTRODUCTION

Solanum laciniatum Ait, and 3. aviculare Forst., are two
important solasodine yielding species native to New Zealand.
Commercial cultivation of these species have been considered
by different workers, in Russia (Sinicin, 1963), in New
Zealand (Fryer, 1972) and in India (Kapoor and Kapoor, 1965;
Sastry gt al., 1973). The alkaloid occurs mainly in the
leaves and fruits. The fruit has a higher solasodine content
than leaves but constitutes a smaller proportion of the total
biomass of the plant. Thus, the leaves of S. laciniatum and
S. aviculare are more important from the commercial point of
view (Mann and Lancaster, 1976). Further, considerable
variation in alkaloid concentration have been reported in the
literature, Geographic and climatic strains, cultural
practices, all have been shown to affect alkaloid concentra=
tion (Mathe gt al., 1964).

Published reports on the mineral nutrition of these two
species are restricted to field fertilizer trials (Fryer,
19723 Crush, 19733 Bordoloi et al., 1976). In manurial trials
in the field done at Jorhat, application of 40 kg of nitrogen
per hectare of nitrogen was found to be optimum for growth and
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yield of S. laciniatum (Bordoloi gt al., 1976). Earlier stu=
dies have shown that mineral nutrients seem to influence
alkaloid concentration more by influencing growth patterns
then through any direct effects (Crush, 1973).

In another study on the nitrogen nutrition of Nicotiana
and Solanum, it was shown that in the former species alkaloid
concentration increased with the increase in nitrogen level
in the medium, whereas that in Solanum it decreased indicating
that all the plant species do not react in the same way to
increased nitrogen fertilization; i.e. with an increase in
alkaloid biosynthesis (Nowacki et &l., 1975).

METHODS OF STUDY

Sand culture experiments were performed using plastic
pots of 12 em diameter and twenty days' old uniform sized
seedlings of S, avivulare and S. laciniatum raised on nutrient
free sand beds. Sand and pots were prepared using the proce-
dure as suggested by Hewitt (1966). After the seedlings were
transplanted to the pots, 100 ml of the appropriate nutrient
solutions were added to the pots every alternate day. Once in
a week the sand in the pot was eluted by using tap water
followed by 500 ml of distilled water, All the experiments
were replicated five times., Plants were allowed to grow for
10 weeks, between January to March 1980, The experiment was
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performed in a glass house protected from wind and dust. The
plants were exposed to natural diurnal fluctuations of light,
temperature and humidity.

The composition of the nutrient solution was basically
the same as that given by Hewitt (1966) except for the
changes introduced for the levels of nitrogen, phosphorus and
potassium (Ramakrishnan and Kumar, 1976). In the first expe-
riment nitrogen was provided at 63, 98 and 133 ppm by varying
the amoung of 2«!.!!03 in the nutrient solution, without any
compensatory change in other salts, In the second experiment
phosphorus was provided at 4,13, 41.3 and 123,0 ppnwithout any
change in other nutrients. In another experiment three levels
of potassium, 7.8, 78 and 234 ppm were obtained by varying the
amount of KNOS. In order to keep uniform nitrogen level in
this series compensatory changes in the amount of n-no, was
made,

In the nitrogen and potassium series of nutrient solutions
pH was adjusted to 6,5, but in the phosphorus series pH was
maintained at 5,0 as to avolid precipitation at higher phospho~
rus level, pH of the nutrient solution was adjusted using
nomal sulphuric acid and normal sodium hydroxide, and an
appropriate amount of sodium sulphato was used to compensate
for the addition of sulphuric acid (Ramakrishnan and Kumar,
1976) .
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Nitrogen in the leaf tissue was determined by the
micro~Kjeldahl method and the total phosphorus was determined
colorimetrically by the phospho=-molybdate blue method, and
potassium was determined Flame photometrically following the
procedure outlined by Allen (1974). Alkaloid concentration
was measured colorimetrically (Crusena gt al., 1965) which
involved extraction of dry powdered berries with a mixture of
alcohol, acetic acid and water and finally bringing the glyco=
alkaloid in solution after precipitation and purification,

RESULTS

Effect of varied levels of nitrogen on 8, laciniatum and
S. avisulare:

fn both S. laciniatum and S. aviculare dry weight yield
of shoot and root increased with incrpase in the level of
nitrogen in the medium, However, no significant differences
were observed between the two species with respect to these
two, Leaf yield also improved with increase in nitrogen level.
However, the leaf yield in 3. aviculare was significantly higher
then that of S. laciniatum at 133 ppm level of nitrogen. In
both the species shoot/root ratio increased with the increase
in nitrogen level in the medium, Foliar nitrogen level improved
with increase in nitrogen level in the medium in both the
species, No significant differences were noticed between the



two species regarding the uptake of nitrogen in any of the
treatments,s While solasodine content in both the species
improved slightly with increase in nitrogen level in the
medium, this increase was not significant at 5% level of
possibility, However, in all the treatments S. aviculare
showed significantly higher level of solasodine content
compared to the other species, though the differences were
more pronounced at the highest level of nitrogen. Maximum
solasodine yield was obtained at 98 ppm nitrogen level in
S. laciniatum, while in 3. gviculare this was obtained at
highest level of nitrogen. However, yield was higher in
S, aviculare in all the treatments (Table 6.1).

Effect of varied level of phosphorus on 3. laciniatum and
S. avigulare:

The dry weight yield of shoot and root in both the
species inornuc_l with increasing phosphorus level in the

medium, FHowever, no differences were observable between the
two species except for the root yield at 41.3 ppm phosphorus
level, Leaf yield also followed a similar trend. Shoot/root

ratio in both the species increased with the increase in
phosphorus level, lHowever, in both the species differences
between the middle and higher treatments of phosphorus were

98

not significant, Foliar phosphorus level was not significantly



Table 6.1,

Effect of varied levels of nitrogen on the
growth, yield and solasodine contents of

S laciniatum and 3. aviculare

J9

Levels at nitrogen (ppm) L.S.D
p-‘oo”
63 98 133

S. laciniatum 2.29 Je “1 “o “’
Shoot yield 0.36
(‘) /plmt S. aviculare 2,37 335 4,83

S. laciniatum 1035 1.“ 1.92
Root yield 0.23
(‘),’ S, aviculare 1.43 1.69 1.78

S. laciniatum 106% 2:115 20317
Shoot/root 0.42
ratio S. aviculare 1.656 1.982 2,713

S. laciniatum 1.17 1.83 2.13
Leaf yield 031
(‘) ant S. aviculare 1.3 1.95 2.51

S. laciniatum 30261 30“3 “o 2’5
Foliar Ni- 0.89
trogen (%) S. aviculare 3.210 3.735 4,249

S. laciniatum 0.28 0.39 0.31
Solasodine 0.13

% S. aviculare 0.41 0.52 0.50

S. laciniatum . 3.3 7.1 606

Solasodine 2.3

;{2& (mg)/ S.
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affected due to the increase in phosphorus level in the medium.
Further, this was not significantly different in the two
species, 3olasodine content in the leaves also followed a
similar trend as that of foliar phosphorus content, As regards
solasodine yield gradual improvement was observed with the
increase in phosphorus level in the medium in both the species.
No significant differences were noticed between the two species
regarding the yield of solasodine in any of the treatments
{Table 6.2),

Effect of varied levels of potassium on S, laciniatum and
S. aviculare:

The dry=weight of shoot and root increased in both
S. laginiatum and S. gviculare with increasing levels of
potassium in the medium, However, no significant differences
were noted between the two species in any of the treatments.
Leaf yield per plant also followed a similar trend, In both
the species shoot/root ratio increased with increase in potase
sium level in the medium, However, shoot/root ratio was not
found to increase at 234 ppm potassium level than that at 78
ppm level, Foliar potassium level increased with increase in
potassium concentration in the medium, however, no significant
differences were observed between the two species. In both

S. laciniatum and S. gviculare solasodine concentration
decreased in the leaves with the increase in potassium level in



yield and solasodine content of S. laciniatum

and S. aviculare
Levels of phosphorus (ppm) L.S.D
4,43 41,3 123.9 p= 0,05
S. laciniatum 2,01 heo12 = 465
Shoot yield 0.45
(g)/plant S, aviculare 2.23 4,36 4,96 '
S. laciniatum 10“3 1056 1.85 .
Root eld ) ’ 0.19
S. laciniatum 1 o‘l°5 2.“1 20 51’ ‘
Shoot/root , 0.58
ratio 8. aviculare 1.39 2.491 2.569
S. laciniatum 1.31 1 06, 2.82
Leaf yield _ 0.91
(g)/plant S, aviculare 1.53 2,08 2.62
S. laciniatum 0.3 0.35 0.34
Foliar phos~ 0.18
phorus f%) 8. aviculare 0.27 0.31 0.39
S. laciniatum 0.36 0.32  0.33
Solasodine 0.21
“ S, aviculare 00” 00“1 °0~1
S. laciniatum “07 . 507 906
Solasodine 3.9
yield (mg)/ S. aviculare 4o 6.4 10.2
plant




Table 6.3, Effect of varied levels of potassium on growth,

yield and solasodine content of 8. laciniatum
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and S, gviculare
Levels of potassium (ppm)L.S.D
7.8 78 234 p=0,05
S. laciniatum 2076 “0‘2 bo"
Shoot yield 0.54
(g)/plant S. aviculare 2.36 4,28 4,59
S. laciniatum 1.45 1.68 1.73
Root {:old
S. laciniatum 1.904 2,63 2.780
Shoot/root 0.34
ratio S. aviculare 1.735 2,364 2,426
S. laciniatum 1052 2.69 2.82
Leaf eld L . 0059
(‘)/p S. aviculare 10“ 2.81 2.89
S. laciniatum 0.82 1,04 1.08
Foliar potase 0.11
sium ( S. aviculare 0.72 1.1 1.19
S. laciniatum Q.42 0.35 0.30
Solasodine 0.12
3 S. aviculare 0.45 0.31 0.21
80 laciniatum 60‘0 9.“ 8.5
Solasodine 1.8
yvield (mg)/ 8. aviculare 6.0 8.7 6.1
plant
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the medium, In both the species maximum yield of solasodine
was dbtained at 78 ppm level of potassium and the yield
declined at highest potassimm level (Table 6.3).

DISCUSSION

It is evident from the present results that the two spe-
cles did not differ significantly in growth yield in response
to nitrogen, phosphorus and potassiuwa nutrition. The growth
yield of the two species improved with increase in the nutrie
ent status, Thus, twd closely related species showed a
similar response to nitrogen, phosphorus, and potassium nutrie
tion this i3 to b2 expected as the two species are not known
to have diverse ecological requirements (Randell and Symon,
1976). This, however, is in contrast to the observations on
closely related species but with diverse ecological requirements,

such as Argemone maxicana and A. gohroluca (Ramskrishnan and
Gupta, 1972).

Foliage production is an important characteristic of
Se lgciniatum and S. gyviculsre as this organ is the chief source
for solasodine yield, This parameter of these two species also
showed a positive relationship with increase in the levels of
trogen phosphorus and potassium in the medium, lowever the
response of the two species with respect to solasodine concenw
tration in the leaf tlssue was found to be different, Solaso~
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dine concentration in the leaf tissue of S. gvicularg was more
than that of S, laginiatum in the nitrogen treatments, Further,
nitrogen and phosphorus greatments did not significantly affect
solasodine concentration at different levels, .whereas solaso=
dine concentration decreased significantly at higher potassium
levels, However, solasodine yield per plant increased markedly
at high nitrogen and potassium levels., Iilowever, the yield
tended to decline at the highest potassium level of 234 ppm in
the medium, in both the specles.

Increasing nitrogen concentration in the medium increased
dyy=weight yield of shoot, 4.13 ppm level of phosphorus was
evidently adequate under the experimental condition and the
foliar phosphorus levels varied little between the treatments,
and have no apparent influence on alkaloid concentrations

In the ecxperimental work alkalojd yield wes always closely
related with dry matter production. Thus, any treatment that
increases dry matter yield is likely to increase alkaloid yield
as well, Present results confirmm earlier work of Foldesi (1964)
and Crush (1973).

Earlier results of Crush (1973) tends to suggest that the
response to phosphorus and potassium by these two species are
neither consistent nor marked., In contrast to this, while the

response to potassium as far as solasodine yield was concerned
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is not so well marked (though leaf yield improved markedly at
the high potassium level tried here), the response of the two
species to phosphorus nutrition was significant.

SUMMARY

The effects of different levels of nitrogen, phosphorus
and potassium on the growth and alkeloid accunulation in
Solanum laciniatum Ait. and 3. g®igulare Forst., were investie
gated under sand culture condition. In both the species dry
wikight of shoot and root increased with increase in nitrogean
level in the medium. Solasodine conteant in both the specles
improved slightly with increase in the nitrogen level in the
medium, Maximum solasodine yield was obtained at a lower
nitrogen level in S. laciniatum while in S, aviculare this was
obtained at a higher nitrogen level., However, Solasodine yield
was higher in S. gviculare in all the treatments, Both the
species gave good responses with increase in phosphorus level
in the medium, Foliar phosphorus level was not significantly
affected due to the increase in phosphorus level in the medium,
solasodine content also followed a similar pattern., However,
solasodine yield improved with additional phosphorus level in
the medium. The growth yield of both the species improved with
increase in the potassium level in the medium. In both the
species solasodine concentration decreased with increase in
potassium level in the medium, The response of potassium as
far as solasodine yield was concerned was not well marked; the
response of the two species to nitrogen and phosphorus nutrition

waa aionificant.



106

BIBLIOGRAPHY

ABRAHAMSON, W.G. and GADGIL, M, 1973. Growth form and repro=-

ductive efforts in Golden rods (Solidago compogitae).
American Naturalist, 1073 651-661.

ALLEN; S.E. 1974, Chemical analysis of ecological materials.
Blackwell Scientific Pub., Oxford.

BAKSHI, V.M, and HAMIED, Y.K. 1971, Isolation of solasodine from

Solanum khasisnum grown in Bombay, Indian Jour,
Pharm,, 333 54,

BINGHAM, F.T., MARTIN, J.P. and CASTAIN, J.A., 1958, Effects of
phosphorus fertilization of California soils on minor
element nutrition of citrus. Soil Sci, 8631 24=31.

BJORKMAN, O. and HOLMGREN, P, 1963, Adaptability of the photo~
synthetic apparatus to light intensity in ecotypes
from exposed and shaded habitats. Physiol. Plant., 17:
889=914,

BLACK, C.A., 1957, Seoil Plant relationships. Interscience,
New York.

BORDOLOI, D.N., RABHA, L.C. and GANGULY, D. 1976. Some observa=
tions on the growth and the yield of Solanum
daciniatum Ait. under conditions of Jorhat., Indian

- Drugs 142 5-11,



107

BRADSHAW, A.D. 1959, Population differentiation in Agrogtis
tenuig Sibth. I. Morphological differentiation.
The New Phytol. 58: 208~227,

BRADSHAW, A.D. 1965. Evolutionary significance of phenotypic
plasticity in plants. Adv. Genet., 13: 115=155,

BRADSHAW, A.D., CHADWICK, M.J.., JOWETT, D, and SNAYDON, R,V
1964, Experimental investigation into the mineral
nutrition of several grass species., Jour. Ecol.,
521 665«676,.

BRADSHAW, A.D,, LODGE, R.W., JOWETT, D. and CHADWICK, M.J. 1958,
Experimental investigations into the mineral nutrie
tion of several grass species., Jour. Ecol., 463
T749=758,

CHABOT, B,F, and BILLINGS, W.D, 1972, Origins and ecology of
the Sierran alpine flora and vegetatiwn. Ecol.
Monogr., 423 163=199,.

CHADWICK, M.J, and OBEID, M. 1963, The response ¢f variations

to nitrogen level of some weed species of Sudan,
Weed Res., 3t 230=240,

CHAKRAVERTY, R.K. and BASU, D. 1973. Morphological changes in
Solanum viarum (S. khasienum) induced by @ibberellic
acid., Sci, cult., 393 134=

CHAKRAVERTY, R.K. and RAYCHOUDHURY, E. 1974, Solanum khasianum
Clarke = A potential commercial source of solasodine



108

for the synthesis of steroids, Jour. Sci. Club,
243 126=149, |

CHANDRA, V,, SINGH, B., SINGH, A, and KAPOOR, L.D. 1970,
Variation in the solasodine content of fruits of

Solanum khasianum at different stages of development
in Lucknow, Indian Fors., 96: 352,

CHOUDHURY, S.B, and HAZARIKA, J.N. 1966, Seasonal variations
in the alkaloid content of Solanum khasianum Clarke.
Curr, Seci., 35: 187.

CHOUDHAN, Y.S. 1978, Effect of ethral on the germination of
Solanum khasianum Clarke seeds, Indian Jour., Pharma,
Sei, 403 61=63,

CHOUDHURY, R.K, and CHATTERJEE, S.K. 1979, Effect of altitude and
gibberellin-feeding on solasodine content in Solanum
khasianum Clarke fruits in the hills of Darjeeling
Indian Jour, Expt, Biol., 17: 611=612,

CHOUDHURY, S,N,, BALYAN, S,S. and KAUL, B,L, 1979, Effects of

Nitrogen on the growth and yield of Solanum khasianum
Clarke., Indian Drugs, 163 229=231,

CHOUDHURI, S.B. and RAO, P.R, 1964, Solasodine from Solanum
khasiamum Clarke, Indian Jour, Chem,, 23 424,

CHATTERJEE, S.K, 1977. Availability of medicinal and aromatic
plants in NortheEastern India with special reference
to West Bengal. In: Cultivation and utilization of



109

medicinal and aromatic plants, Ed, C.K. Atal
and B.M, Kapur, Regional Research Laboratory,
Jammu~Tawi, pp. 485-494,

CLAPHAM, A.R. 1956, Auteological studies and the biological
. flora of British Iseles, Jour, Ecol,, Lhs 1«11,

CLARKSON, D,T, 1965, Calcium uptake by calcicole and calcifuge
species in the genus Agrogtig L. Jour. Ecol, 531
427=435,

CLAUSEN, J., KECK, D.D. and HIESEY, W.M., 1940, Experimental
studies on the nature of species, I. Effect of
varied eavironments on Western NortheAmerican
plants, Carnegie Inst. Wash,, Publ., 520: 1-452,

CLAUS&I, Jep KECK, DD, and HIESEY, WeM,, 1948, Experimental
studies on the nature of species. III, Experimental

response of climatic races of Achillga. Carnegle
Inst, Wash, Publ,, 581: 1-129,

CLINE, M.G, and AGATEP, A.O0, 1970, Temperature and photoperiodic
control of developmental responses in climatic races of
Mimulus, Plant and All Physiclogy, 11: 609-619,

COOPER, J.P., and McWILLIAM, J.C. 1966, Climatic variation in
forage grasses. II. Germination, flowering and leaf
development in mediterranean populations of Phalaris
tubroga, Jour. Appl., Ecol., 3: 191=212,



110

GROWTHER, E.,M. and YATES, F. 1941, Fertilizer policy in war
times The fertilizer requirements of arable crops.
Emp, Jour, Exp. Agric., 9: 77-97.

CRUSENA, A.R,, PASESHNICHENKO, V,A,, BORIKHINA, M.G. and
MOISEEN, R.K. 1965, Determination of steroid gly-
coalkaloids, Biochemistry, 301 224,

CRUSH, JeRe 1973, Mineral nutrition and alkaloid accumulation

in Solanus lacinistus and 5. sviculare. NeZ. Jour,
- m‘tc m’.oo 1 187“%.

DAVID, S.M, 1976, Temperature response of succinate dehydro-
genase in altitvdinally diverse populations of

Taraxacum officinale. American Midland Naturalist,

DIXON, M. and WEBB, E.C, 1958, Enzymes., London.

DNYANSAGAR, V.R. 1976a. Cultivation of medicinal plants as a
source of alkaloids, Proc, Indian, Sci, Cong, AssoC.,
633 131,

DNYANSAGAR, V.Re. 1976b, BElology of Solamm viarum Dunal. In
seminar on biology and biosynthetic pathways of medi-
c¢inal pm' ISCA' Wdtm. PPe ‘“O

DUTTA, P.K. 197%. Introduction of medicinal and aromatic plants
in Orissa region. Indian Jour, Pharm., 33: 92.

DUTTA, P.K. 1972, Observations on some medicinal and aromatic
- plants introduced in Bhubaneswar, Abst. Third.
Internatl., Symp. Sub=trop. Trop. lort., ppe 57.



111

FOLDESI, D, 1964, Effect of minersl nutrition and water regime

on the green matter production in Solamum laciniatum
Alt, Herba Hungarica 3:1 235«253,

FRYER, ReFe 1972, OCultivation of Sclamums in Canterbury. Proc,
of the Agronoay Society of New Zealand, 231 T3-84,

GADGIL, M, and SOLBRIG, O,T. 1972. The concept of re and
keselsction: BEvidencs from wild flowers and theorie
tical considerations, American., Naturalist, 1063
V=31,

GREGOR, J.W, 1930, Experiments on the genetics of wild populations.
I. Plantage maritima.Jour., Genet., 221 15«25,

GREGOR, J.W. 1946, Ecotypic differentiation. New Faytol., 453
254m270,

GREGORY, B,G., and GROWIHER, F. 1928, A Physiological study of
varietal differences in plants, I. A study of compa=
rative ylelds of barley varieties with different
manurings. Ann, Bet, Lond, 423 757«770.

GUPTA, B?N.,, PATTANATH, P.G., KUMAR, A,, THAPLIYAL, R.C. and
RATURI, A.S. 1975 Rules for germination test of tree
secds for certification. Indian Froster, 101: 320327,

GUPTA, U, and RAMAKRISHNAN, P.S. 1977. Calciumepotassium and
nitrogen phosphoius interaction within the species
Cynodon dactvion (L.) Pres, Ind, Jour, Expt. Biol.,
151 366=369.



112

HAZARIKA, J.N, =nd BORA, A.Cs 1976, Effect of variation of
spacing for growing Solamm khasianum Clarke on
the yield of berriss, Indian Drugs Pharm. Ind,
111 12-16.

HAZARIKA, J.N., BORDOLOL D,H, and BORA, A.C, 1978, JU~30,
an improved strain of Solamum khasisnum Clarke
as a source of solasodine., Agric. Agro-Indst.
Jour. 111 9=12,

HEWITT, E.J. 1966, Sand and water culture methods in the
study of plant nutrition., Commonwealth Agricule
tural Bureaux, Reading, England.

HOOKER, J.D, 1883, The flora of British India. L. Reeve & Co.

~ London,

HUXLY, P.A. 1966, A preliminary atudy of the effects of
differences in local climate on the early growth
of some crop plants in the Southern region of
Uganda, Jour. &ppl. Ecol., 33 251=260,

JACKSON, M.L. 1958, Soil chemical analysis, Prentice Hall,
Inc., New Jersey.

JAIN, N.K., 1974 The effect of reciprocal cultivation in the
two ecotypes of Vernonia patula (Drysnd.) Merrill,
Flora, Bd. 163, S. 7=13.

Jmm. RQL.. and ﬁILLIS. Adde ’m. Studies on the calci=
cole caleifuge habit., I, Methods of analysis of



113

soil and plant tissues and some results of imvestie
gations on four species, Jour, Ecol. 521 121=-138,

JOHANSON, L., EDWARDS, D.G. and LONCRAGAN, J.F., 1968, Intere
action between potassium and calcium in their
absorption by intact barley plants, 3I. Effects of

potassium on calcium absorption. Pl, Physiol.
Lancaster, 43: 1717=1721.

JOWEIT, D, 1964, Population studies on lead tolerant Agrostis
tenuig., Evolution, 18: 70-80,

KAPOOR, L.D. 1972, Scope ofor development of medicinal and
aromatic plants in the hill region of India, Abst.
Third Internatl, Symp, SubeTrop. Trop. Hort., pp. 59.

KAPOCR, L.D., and KAPOOR, B.M, 1965, Cultivation of Solamum
avicularg Indian Farming, 14: 89,

KAPOOR, P, and RAMAKRISHNAN, P.S. 1973, Differential temperature
optima for seed germination and seasonal distribution

of two populations of Chenopodium albus L. Curr, Sci.,
423 838-839.

KAPOOR, P, and RAMAKRISHNAN, P.S. 1974, Soil factors influencing
the distribution of ecotype population in Echinochloa
golonum (L.) Link (Gramineae). Bot., Jour, Linnean Soc.,
691 65=78.

KAUL, V, 1965. Physiological ecology of Xanthium gtrumarium Linn.
I, Seasonal morphological varients and distribution.



114

Trop. Ecol., 63 72-87,

KAUL, B.L. and ZUTSHI, U, 1977. Cultivation of Solanum khasiae

nun Clarke for steroidss Problems and Promises,
Ins Cultivation and Utilization of medicinal and
aromatic plants, Ed., C.K. Atal and B.M., Kapur,
Regional Research Laboratory, Jammue-Tawi pp. 23=31,

KHANNA, K.R. and MURTY, A.S. 1972, ZEZffect of fruit stage and

maturity on the glycoalkaloid content in Sglanum
khasianum, Planta Medica, 21: 182,

KRUCKEBERG, A.R. 1951, Intraspecific variability in the response

of certain native plant species to serpentine soil.
American Jour., Bot,, 23: 408«419,

LAHA, M,K. and BASU, P.K. 1980, Positively photoblastic nature

of seed germination in Solanum khasianum Clarke.
Geo Bios. 7: 262263,

LANCASTER, J.E, and MANN, J.D. 1975, Changes in solasodine

content during the development of Sglanum laciniatum
Alt, N.Z, Jour. A‘r‘-c. R..o. 183 139‘1“.

LYNESS, A.S. 1936, Varietal differences in the phasphate feeding

capacity of plants, Plant., Physiol., 113 665688,

MANN, J.D. and LANCASTER, E. 1976, Effect of herbicides and

growth regulators on solasodine production by Solanum

gviculare and S, laciniatum. N.Z. Jour. Expt. Agri.
by 347=350.



115

MAITI, P.C., MOOKERJEA, S. and MATHEW, R. 1965, Solasodine

from Solanum khasianum Jour, Pharmaceutical
Science. 5481 182829,

MAITI, P.C., MOOKERJEA, S., and MATHEW, R, AND HENRY, A.N,

1865, Solanus khasismum var, Chatterjeeamm: the
richest source of solasodine, Curr, Sci., 231 730

MATHE, I,, FOLDESI, D., SZABO, E,, TATENYI, P, 1964, Comparae
tive botanical and chemical analysis of new steroid
hormone based sources of plant material of Solanum
Sps. Herba Hungarica 33 305,

MATTSON, S., ERIKSSON, E,, VAHTRAS, K, and WILLIAMS, E.G., 1949.
Phosphate relaticnship of soil and plant, I, Membrene
equilibria and phosphate uptake., K, Lantbrhogsk.
Annla, 163 457-84,

MATSUNAGA, E., BUZUKI, K., and SHINDO, M. 1969. Studies on the
cultivation of medicinal plants: I, New form of

Solanum khasianum Clarke in Japan. Syoyakugaku
Zasshi 233 24,

McKELL, C.M., PERRIER, E,R. and STEBBINS, G.L.j 1960. Response

of orchard Grass (Dactylis glomerats sub sp.

Lusitanica and Judaica) to increasing soil moisture
stress., Ecology, 61: 772=778.

MISRA, R, 1968, Ecology work book. Oxford & IBH Book Co., New
Delhi,



116

MISRA, R, and RAMAKRISHNAN, P.S. 1960, Ecological distribution

of Peristrophe bicalyculata Nees, Proc. Nat, Inst.
Sei (Ind.), 278 (Suppl.): 347=358,

/

McMILLAN, C, 1960, Ecotype and community function. American
Nat., 943 245,

MATT, J.J. and McCQMB, A.J., 1975, The role of photoperiod and
temperature in controlling phenology of three annual
species from an arid region of Western Australia,

Je BEcol., 633 633=641,

MURTY, U.R, and ABRAHAM, K. 1975, Spineless mutant in Solanum
- khasianum Clarke. Curr. Sci. 441 718,

MURTY, U,R, 1976. Clilltivation of Solanum khasianum Clarke,
Problems and prospects., In Seminar on biology and
biosynthetic pathways in medicinal plants. ISCA,
Waltair, pp. 22.

NOWACKI, E.  JURYSTA, P. and GORSKI, P. 1975. Effect of availas
bility of nitrogen on alkaloid synthesis in solanaceae,
Bulletin De L'academie Polanaise Des Sciences, Serie
des Sciences biologiques CL, V. Vol., XXIII, No. 3.

OSLEN, C, 1942, Vater culture experiments with higher green
plants in nutrient solutions having different concen=
tration of calecium, Cr, Trav, Lab. Carlsberg, 24:
69=97.

PEMADASA, M.A, and LOVELL, P.H. 1975, Factors controlling germi-
nation of some dune annuals, Jour. Ecol., 633 41-59,



117

PIGOTT, C.D, and TAYLOR, K. 1964, The distribution of some
woodland herbs in relation to the supply of nitro=-
gen and phosphorus in the soil, Jour, Ecol., 52
(Suppl) ¢t 175-185.

PINGLE, A.R. and DNYANSAGAR, V.R. 1979, Induction of seed
germination in Solanum Curr., Sci. 483 449-430,

PIPER, C.S. 1944, Soil 2nd Plant analysis. Interscience, New
York.

PORTER, N.G, and GILMORE, HeM. 1976, Germination studies of

the seeds of Solanuy lsciniatum Ait. snd §. svioulare
Forst, N.Z2, Jour. Expt, Agric., Ly 343=345,

RAM, G, 1978, Agronomic evaluation of some new introductions of
Solanun ichasisnum. Indian Drugs, 163 1=3,

RANDELL, B.R., and SYMON, D.E, 1976, Chromosome mumbers in
Australian Solanum species, Aust. Jour, Bot., 24:
369=379.

RAMAKRISHNAN, P.S. 1958, Ecotypic differentiation in some plants
of Varanasi. Proc, National, Acd, Sciences (Ind,)
Vol, XXVIIIs 68‘760

RAMAKRISHNAN, P.S. 1960a, Distribution of Buphorbia thymifolia
Linn, in relation to soil calcium, Memoirs of the
Indian Bot. S0C.y 31 52«57,

RAMAKRISHNAN, P.S. 1960b., Ecology of Zchinochloa colonum Link,
Proc. Indian Acd. Sciences LII: 73=90,



118

1

RAMAKRISHNAN, P.S. 1961a, (communicated by R, Misra)., Studies
in the ecological life history of Euphorbia thymie
folia Linn, Proc. National. Inst, Sciences of India.,
27,83 347-358.

RAMAKRISHNAN, P.S. 1961b, Calcicole and calcifuge problem in

Euphorbia thymifolia Linn, Jour, Indian Bot. 50c.,
XLs: 66-81,

RAMAKRISHNAN, P,S. 1963. Seed germination studies on Erigeron
linifolius vild, Proc, Nat, Inst, Sei, India 29B:
561=566.

RAMAKRISHNAN, P.S. 1965a. Studies on edaphic ecotypes in

Euphorbia thymifolia Linn, I. Seed germination,
Jour, Ecol., 53: 157=160,

RAMAKRISHNAN, P.S. 1965b, Studies on edaphic ecotypes in Euphorbia
thymifelia Linn, I, Growth performance, mineral uptake
and inter-ecotypic competition. Jour. Ecol., 53t
T705=T14.

RAMAKRISHNAN, P.S, 1968a, Nutritional requirements of the edaphic
ecotypes in Melilotus alba Medic. I. pH, Calcium and
phosphorus, The New Phytol. 67: 147-157.

KMNMAKRISHNAN, P.S., 1968b, Nutritional requirements of the edaphic

ecotypes in Melilotus alba Medic. II. Aluminium and
Manganese. The New Phytol., 67: 301-~308.



119

RAMAKRISHNAN, P.S. 1969, Nutritional factors influencing the
distribution of calcareous and acidic populations

in Hypericum perforatum. Canadian Jour. Bot., 47:
175=181,

RAMARKRISHNAN, P3S. 1970, Nutritional requirements of the edaphic
ecotyps in Melilotus alba Medic. III, Interference
between the calcareous and the acidic populations in
the two soil types. The New Phylol., 69: 81«86,

RAMAKRISHNAN, PeSs 1971 Interaction of soil factors influencing
the calcicole-calcifuge behaviour in plants. Jour.
Indisn Bot, Soc,, Golden Jubilee Volume, 50A: 611-623,

RAMAKRISHNAN, P.S. 1972. Edephic ecotypes. In 'Vistas of Pl,
Sci.', Ed. by Verghese, T,M, & Grover, R.X. Vol. IIs
1-220

RAMAKRISENAK, P.S, 1973. Population differentiation. In 'Progress
of plant ecology in India', Ed. By Misra, R., B, Gopal,
K.P. Sind\ and J.S. sm Vole I3 89«99,

A
RAMAKRISHNAN, F.S. end BASHT, 8.3, 1968, Adaptability of the

edaphic ecotypes in Adhatoda vasica Nees., Proc., Symp.
Recent adv. Trop. Ecel., 180-186,

RAMAKRISHNAN, P.S. and GUPTA, U. 1972, DNutrient factors influen-
cing the distribution of two closely related species
of Argemone. Veed Res., 121 234«240,



g 120

RAMAKRISHNAN, P.S., snd GUPTA, U, 1973, Nitrogen, phosphorus
and potassium nutrition of the edaphic ecotypes

in Cynodon dactylon (L.) Pers. Amn . Bot. 37:
885-894,

RAMAKRISHNAN, P.S. and JAIN, R.S, 19652, Mineral uptake by the

edaphic ecotypes in Iridsx procumbens L. Proc.
National Inst. Sciences India 31B: 219-228,

RAMAKRISHAN, P.S. end JAIN, R,8., 1965, Differemtial response
to caleium and growth yield of the edaphic ecotypes
in Iridax procumbens L. Jour, Indian Bot. Soc,

XLIV: 439-452,
RAMAKRISHNAN, P.S. and KAPOOR, P, 1974, Photoperiodic require-

ments of seasonal populations of Chenopodium album L.
Jour, Ecol., 62: 67=T73.

RAMAKRISHNAN, P.S. and KHOSLA, A.K. 1971, Seed dormancy in
Digiteria adscendens (H.B.K.) Henerad and Echinochloa
colonum Link, with particular reference to covering
structures. Trop. Ecol., 12: 112-122,

RAMAKRISHNAN, P.S. and KUMAR, R. 1976. Adaptive responses of an
alkaline soil population of Cynodon dactylon (L.).
Pers. to NPK nutrition, Jour. Ecol., 64: 187=193.

RAMAKRISHNAN, P.S. and NAGPAL, R. 1973. Adeptation to excess
salts in an alkaline soil population of Cynodon
dactylon (L.) Pers. Jour, Ecol., 61t 369-381.

e



121

RAMAKRISHNAN, P.S, and SINGH, V.K. 1966, Differential response

of the edaphic ecotypes in Cynodon dactylon (L.)
Pers. to soil calcium, The New Phytol., 653 100108,

RANNER, MJC. 1921, The ecology of Callure vulgarige II. The
caleifuge habit, J. Ecol., 91 60«74,

ROBERTS, HeAe. and LOCKETT, P.M. 1977, Temperature requirements
for germination of drye-stored, coldestored and
buried seeds of Solenus dulcamara L. The New Phytol.
79t 505+510,

ROODEN, JeVe, AKKERMANS, L.MeAs and VEEN, ReVeDe 1970, A study
on photovlastism in seéds of some tropical weeds.
Acta, Bot, leerl., 19: 257-264,

RORISON, I.H, 1960a, Some experimental aspects of the calecicole
calcifuge problen,s I. The effeut of competition and
mineral nutrition upon seadling growta in the field,
Jour, Ecol,, 42: 585599,

RORISON, I.He 1960b, 3cme experimental aspects of the caleicole
calcifuge problem, II. The effects of mineral
nutrition on seedling growth in solution culturwe,
Jour, Ecol,, 483 679-633,

RORISON, I.H, 1968, The response to phosphorus of soue ecologie
sally distinet plent species., I, Growth rates and
phosphorus absorption, The lNew Phytol,, 67: 913923,

ROSSITER, R.Ce 1955, The influence of soil types on phosphorus
toxieity in subterranean clover (Irifolius regpeng L.)
Aust, Jour, Agri, Res, 61 1=8,



122

RUSSEL, E.J. 1950, 8So0il conditions and plant growth. Longmans
8th Ed, London,

SAINI, A.D., 1966, Alkaloidal content of Solanum khasianum Clarke.
Curr, Sci., 35: 600,

SAINI, A.D., MUKHERJEE; M.K. and BISWAS, R,C. 1965, Studies on
the physiology of Solanum khasianum Clarke, I,
Observations on its growth, glycoalkaloid (Solasonine)
content under cultivation. Indian Jour. Pl, Physil,,
8: 103.

SAINI, A.,D, and BISWAS, R.C., 1967. Studies on the physiology of
Solanum khasianum Clarke, II. Effect of different
sowing dates on growth and development., Indian Jour,
Pl. Physil., 10: 36-

-

SAINI, A.D, and SUFI, B, 1974, Studies with Solanum species as a
source of solasodine, Indian Jour, Gen, and Pl, Breed,,
343 1210«

SASTRY, K.S.M., PONDOTRA, V.R., THAKUR, R.N, and GUPTA, J.H, 1973.
Experiments on cultivation of Solanum laciniatum Ait.
under Jammu conditions, Mysore Jour, Agric. Sci., 7
192-197.

SCHREIBER, K. 1968, Steroid alkaloids: The solanum group. Ini
the alkaloid chemistry and physiology, Ed. R.M.F.



123

SCHREIBER, K. 1974, Synthesis and biogenesis of steroidal
Solanum alkaloids, Biochem., Soc. Trans., 2: 1=15,

SINICIN, G.S. 1963, The cultivation of Solanum aviculare in
the south of the Almae-Ata region. Tr. Inst, Bot,
Akad, Nauk Kaz, SSR. 171 153=158.

SNAYDON, R.W, and BRADSHAW, A.D, 1961, Differential response
to calcium within the species Festuca ovina L. The
New Phytol. 603 219«234,

SNAYDOn, R.W, and BRADSHAW, A.D. 1962, Differences between
natural populations of Irifolium repens L. in response
to mineral nutrients. I. Phosphate. Jour. Exp. Bot,
313 422-434,

SNAYDON, R.W, and DAVIS, M.S. 1972. Rapid population differentia=
tion in a mosaic enviromment. II, Morpholeogical

variation in Anthoxanthum odoratum. Evolution, 26:
390=405,

SHEILA, A.G. and HUNTER, R.F. 1962, Ecotypic differentiation in
Calluna vulgaris L. in relation to altitude. New
Phytol,, 613 44-55,

SMITH, S.N. 1934, Response of inbred lines and crosses of maize
to variations of nitrogen and phosphorus supplied as
nutrients., Jour., American., Soc, Agron. 26t 785-804,

STAPLEDON, R.G, 1928, Cocksfoot grasses (Dactylis glomerata L.)
ecotypes in relation to biotic factors. J. Ecol.,
16‘ 71‘10“.



124

SUDIATSO, I.S. and WILSON, D.R. 1974, Seed germination of

Solanum laciniatum Ait. N.Z. Jour., Agric. Res.,
173 455-458,

TANSELY, A.Gs 1917 On competition between Galium saxagtile L.
(Ge hercynium Weigh.) and Galium sylvestris Poll.
(G. asplenium Shreb,) on different $ypes of soils.
Je Ecole 33 173=79,

TURESSON, G. 1922, The genotypical response of the plant species
to the habitat., Hereditas, 3: 211=350,

TURESSON, G., 1925, The plant species in relation to habitats
and climate = contributions to the knowledge of
genecological units, Hereditas, 6: 147-236.

VEGIS, A. 1964, Dormancy in higher plants, Annu. Reb, Pl,.
Physiol. 15: 185,

VICENTE, M. 1972a, Germinacsode Sementes de Solanum viarum Dunal,
II, Tempuratura. Rev. Brasil. Biol., 321 355-360,

VICENTE, M. 1972b. Germinacao de sementes de Sglanum viarum
Dunale III Luz, Rev, Brasil Biol. 321 585«591.

VICENTE, M, and MOREASy W.B.C. 1974, Germinacao de sementes
Solanum viarum Dunal. V. Inhibitor da germinacao.

VOSE, P.B., 1963, Varietal differences in plant nutrition Herbage
Abst. 33: 1=13,

VOSE, P.B, and JONES, D.G. 1963. The interaction of manganese
and calcium on nodulation and growth in varieties of

Irifolium repens. Pl. Soil. 183 372«385.



125

The strategy of the Genes. George

WADDINGTON, CeHe 1957,
Allen and Unwin London.

Ecological and physiological studies on
I, Germination and develop~

WAKHLOO, J.L. 1964,
two species of solanum,

ment of S. xanthocarpum Schrad and Wendl. and S,
go m Le Flora, 1558 237=249.

WILLIS, J.Cs 1966, A dictionary of the flowering plants and femns,

7th Edn University Press, Cambridge.
The nutrition of vegetables in sand. Ann,.

WOODMAN, R.M. 1944,
Apple Biol., 311 22-30,

:« Be. 107»’3‘%:"
€<, by .. _‘19/— =
LIY) -!..\at{_i

Tt »



