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ABSTRACT

The main study has involved experimental work on phenotypic
variation in the annual species of Saltcornia, employing a sand

culture with subirrigation technique,

Biometrical studies of the progeny grown in culture showed-
that descendents of different parent plants remained significantly
distinct, while anther length, pollen grain diamefer and certain mor-
phological characters (associated with the degree of compression of
the fertile segments) showed a cor;elation with chromosome number

(diploid v. tetraploid).

Chromatography of the phenolic glycosides in plants of known
chromosome number, grown in culture, showed two groups when subjected
to Principal Components Analysis with one being diploid (the S. éuropaea
group), the other tetraploid (the S. procumbens group). The only
separate recognisable chromatographically, S. pustlla, fell as might
be expected in the diploid group. Analysis of field populations
showed a good separation into upper and lower marsh groups, presumably

because of the preference of diploids for the former level and tetra-

ploids for the latter.

Cultivation at different nitrogen levels produced interesting
changes in the balance between dominance by the apical characters
(low nitrogen levels) and by the lateral branches (higher nitrogen
levels). . Low nitrogen levels also favéured increase in seed size and
caused an advancement of flowering time. Variation in phosphorus

levels produced much less marked effects, but elevated sodium chloride



levels induced stunting of growth., Doubling the daylight ambient
1iéht intensity caused a significant increase in branch numbers per
plant. Analysis of variance also revealed that samples of differ-

ing parentage had differing responses to variation in nutrient levels.
In addition, attention is drawn to certain characters (such as fertile
segment number and angle of branching) which are little or not at all

affected by the nutrient treatments,

Analysis of soils from sites of SalZcornia populations showed
gradients with maximum nitrogen and sodium chloride levels in the
upper marsh, and also showed the nitrogen level to be low overall
in comparison with nmormal agricultural soils. Taken in conjunction
with the culture experiments, these results indicate that Salicornia
has adapted to.low nitrogen levels, but not to low phosphorus (pre-

sumably because phosphorus is adequate for the plant need).
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CHAPTER 1

INTRODUCTTION

1.1 General

The genus Salicornia belongs to the family Chenopodiaceae and
like many other genera in the family it is a halophyte. It has been
considered as a halophyte since the word "halothte" was introduced
by Pallas for Schrader in Gottigen in 1809, who stated that Salicormia,
Salsola L. and related plants be.put "Unten einem Wieer glaubt, pass and
er Namen Von Hélophyte Vereinigt". Like Salsola and Suaeda Forsk. ex
Scup. it can be considered as an indicator of saline habitats, Since
halophytic. plants are themselves, as well as their natural habitat, so
distinctive, it is not surprising that they attracted the attention of
many writers on plants in past centuries, For example Lobelius in his

Stirpium adversaria nova of 1570, says about Salicornia "multo fre-

quentissima ad quaslibet maritimus oras tum Oceani, tum Mediterranei
Maris——-". Since Saiicornia spp. show a remarkable adaptation to survive
in highly saline habitats, many authors consider it to be obligately
halophytic i.e. that saline conditions are necessary for its optimum
growth (e.g. Chapman 1936a, 1942, 1960, 1966; Ranwell 1972, Waisel

1972). However, ;he plant seems capable of growing in ordinary garden
soil with no salt added, when freed from the competition of other plants

‘(Halket 1915; Hilton 1975).

1.1.1. The morphological characters:—

The Salicornia plant has a normal root system usually of con-
siderable extent, The aerial parts are built of succulent assimilating
internodes constricted at their base, thus giving the plant an art-

iculated appearance (Figure 1.1). The leaves are highly reduced so the
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plants look apparently leafless. Authors such as Bentham (1858),
Hooker (1884), Babington (1904), and Sehischkin (1936) described

such forms as being aphyllous. Cross (1909) indeed said '"leaves

are entirely absent". DeFrain (1912) explained'the leaves as, opposite,
fleshy and arising as small, pointed structures with a broad base of
insertion, the leaf bases of a pair of leaves nearly surrounding the
stem at the node. Subsequently lateral fusion takes place between

the adjacent margins of each pair of legves, producing a connate
leaf~base and the meristematic activity in this region finally results
in the production of a tubular leaf sheath, which is crowned with the
two free leaf tips. As the internodes of the stem elongate, the con-
nate bases of the pair of leaves elongate also, so that each inter-
node is clothed with the basically developed leaf sheath of the pair
of leaves of the node immediately above.,' The single stem bears opp-
osite and decussate pairs of primary branches, which may branch sim-
ilarly to produce secondary branches and they in turn to produce
tertiaries., This arises from the regular structure by which each

is formed from a series of succulent internodes often called "sterile
segments". Elongation of the young internodes is a result of the
activity of an intercalary meristem present at the base of each inter-
node (Abraham Fahn and Tova Arezee 1959). Those segments which are
formed later at the ferminal end of the main stem and the branches

are often called "fertile segments'., Fertile segments are usually
much shorter than the sterile segments. Their basal parts form a

pair of partial inflorescences, each being a reduced dichasial cyme
bearing three sessile flowers, (one in S, pustlla Wood, 5-10 in 5.
australis), which remain embedded in the fleshy tissue of the segment.
This part of the plant, which occupies the distal part of the stem

and the branches is known as the "terminal spike'. The number of
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fertile segments in the terminal spikes varies from one to thirty or
more. Flowers are hermaphrodite (polygamous stated in 5. australis).
Each flower has a fleshy, lobed perianth which is approximately pyr-
amidal in form, its base lying flush with the segment surface, The
three flowered perianths fit together with their apices against the
central vascular strand., Usually the central flower perianth is larger

than the lateral ones.

The stamens are perigynous with one or two, though field observ—
ations on the member of this genus in India and New Zealand show that
the genus possess five, stamens, but only one anther matures at a time
(McCann 1952). 1In the young flower the filament is short, but it later
elongates so that the anther hangs out of the pore. The anther lobes
are attached to the filament for about half their length, Each lobe
consists of two loculi,dehiscence is by longtudinal slits coinciding
with the ﬁartition between the two pollen sacs. The pollen grains are
spherical with numberous evenly—-spaced circular pores in the outer
exine. The ovary is superior, of one carpel, and is ovoid, containing
one basal anatropous ovule, The style tapers to a point, and termin-—
ates in a tufted stigma that is very shortly branched, with branches

often unequal in length, bifid or trifid, and often persistent.

1.1.2. The life history

The life history of Salicornia is very similar to that of many
other annuals of the Chenopodiaceae, The. few published data of the
time at which Salicornia taxa germinate show differences, but generally
the active germination period can be considered to be between March
and May. However, a number of gerﬁinated seeds of 5. dolichostachya
were observed in January on a south Devon salt marsh, (Hilton 1975).

Chapman (1976) relates the germination time for many species on a
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salt marsh with a period of minimum surface salinity. Purer (1942)
reported that, in a southern California salt marsh, the annual species
of Salicornia germinate most abundantly after the fifst heavy rain

of winter, and he related this phenomenon to the reduction in surface
salinity. Experimentally, different annual forms of Salicornia were
shown to germinate very well in distilled water and tap water, with

a reduction in the germination rate as the sodium chloride percentage
increased in the germination medium, (Keller 1925, Chapman 1960, 1964).
Other than salinity one factor which seems to promote germination in
Salicornia is illumination. Waisel (1972) reported a positive corr—
elation between the germination of 5. herbacea_ and illuminatiom.
Chapman (1966) also suggests the likelihood of a light requirement
among halophytes. The association between soil aeration and occurence
of Salicornia has been noted by several authors like Chapman (1941),
Purer (1942), Brereton (1971), and Ranwell (1972). However, some
have suggested that this may arise in part from a high oxygen require-
ment for germination, presumably the germinated seeds usually are

those living on the soil surface.

After the seeds have germinated the process of their establishment
must play an important role in life history of Salicornia. Wiehe
(1935) showea the density of Salicornia seedlings on a low marsh to
be related to frequency of flooding tides., His data showed a sharp
rise in disappearance of the seedlings at the level where there is
a daily flooding, due to the mechanical removal of the seedling.
Chapman (1942) and Ranwell (1972) both concluded that the zonation
on the salt marsh is mainly controlled by the process of seedling
establishment rather than any other factor such as duration of tidal

submergence or salinity. Ball and Brown (1970) found that the radicle
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of S. dolichostachya grows more rapidly than that of S. europaea,
and related this t§ the greater ability of the former to establish
itself on completely open ground in the low marsh to the advantage
which this would give in resisting the mechanical tidal disturbance.
In general, the process of establishment of the annual forms of
Salicornia can be defined as Hilton (1975) pointed out "once the

seedling is rooted in soil and one or more stem segments have grown".

After the plant is well established, the vegetative growth usually
continues till July. Flowers usually first become visible in the sec-
ond half of July. The flower production peak commonly takes place
in August, though flower production may continue into October. The
first flower may open on any branch of an individual plant, but all
fertile spikes on one plant normally begin to flower within a few days
of each other., The central flower is usually, But not always, the
first to open, .Cénsequently; all combinations of stigma and anther
emergences may be found between the terminal and lateral flowers of
a single cyme. There is some evidence in the literature for differences
in flowering time between Salicomia spp, thus Ball and Tutin (1959),
Ball and Brown (1970) note that S. dolichostachya flowers slightly earlier

than S. europaea.

The seeds reach maturity from about mid September onwards, when
the vegetative tissues begin to die. As the seeds ripen, the fleshy
perianth persists, the cell wall contents disappear, and the cell wall
becomes thickened by regular bands which run in different directions

~in different cells surrounded by its perianth, and the cells are filled
with air. Cook (1911) described this as an adaptation process for dis-

persal of seeds by water, since, due to this persistent perianth, the
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seeds float on the top of the water for a long time. The ability of
Salicornia seeds to be carried by the sea water has been known for
some’time, (Guppy 1917 and Ridley 1930). Chapman (1936b)related

the colonization of the low marsh by Salicornia to the ability of

the seeds to be distributed by the tide. But this w{despread'disper-
sal by tidal current does not seem to apply to all the groups of
Salicornia spp., especially the diploid form in fhe'high marsh, wﬁere
the seeds remain with the parent plants; Ball and Brown (1970) pointed'
out "fﬁ is not unusual to find that the seeds have not been shed and
have germinated in situ the following spring, by which time the parent
has fallen over and been buried". Dalby (1963) also showed that the
seeds in S. pusilla do not fall, but the whole fruiting head will float
in sea water for up to three months before being stranded on or near

high water level.

1.1 +3. Pollination

Many authors regarded Salicornia spp. as being anemophilous,
Oliver 1907; Cook 1911, Moss 1912, Purer 1942, Dalby. 1962; Ranwell
1972). Supporting this view, Salicornia spp. pollen grains are spherical
with numerous evenly-spaced circular pores in the outer exine (photograph 1.1).
Also Salicornia pollen can be carried byAthe wind in quantity potential-
ly capable of effecting cross pollination, (Dglby, 1962, Hilton 1975).
However, there are considerations which raise doubts about the effect-
jveness of wind-pollination in this genus. As knuth (1909) quotes Sphulz
by saying that the flowers of Salicornia spp. are feebly protogynous,
but possess a persistant stigma. So that in consequence of the prox-
imity of the anthers automatic self-pollination is easily possible.
Dalby (1962) considered that Salicornia is usually weakly protogynous

and sometimes it may be markedly so. However, he added "often the stigma
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Photograph 1.1 : Scanning electron m1crographs of Salzcornza
europaea (A), x3812 and S. dblzchostachya (B),

x4104 pollen grains.
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and anthers appear simultaneously and even when protogynous pollen
from earlier flowers on one part of a blant may be transferred to a
stigma’on later flowers on another part of the same plant. Ferguson
(1964) agrees with Dalby (1962) in concluding that annual forms of
this gends are weakly protogynous. He bases this conclusion on his
observations in the field and in cultivation that the stigma protrudes
just before the undehisced anthers are exerted, or the anther and
stigma.emerée simultaneously. However, Dalby (1955 a)observed that
many plants (as at Blackeney) are definitely protogynous, every flower
having stigmas, but no externally visible anther. Other plants (as
on Hayling Island) have their anthers and stigmas maturing simultane-
‘ously and in natural contact with each other. He added that in plants
such as the latter self pollination is very likely to occur and exper-
imental evidence suggests that Salieornia is frequently autogamous.
Indeed Ball and Tutin (1959) described the new species S. obscura
with usually cleistogamous flowers. Generally we can say that these
plants are self—compatible,‘and no hybrids have yet been recorded
Dalby (1962) and most of the authors agree the possibility of self-
fertilization is very high, though they did notrexclude the possibil-

ity of wind pollination (Dalby 1962, Hilton 1975.).

1.1.4. Geographical distribution of Salicornia.

Good (1974) describes the Chenopodiaceae as being one of the

families which are found practically all over the world within their

ecological limits and as one of the two families (i.e. with Plumbaginaceae)

which are most plentiful in salt desert or coastal areas. Also he pointed

out, more than once, that the same qualifications apply to Salicornia spp.

which he includes among "sub-cosmopolitan genera" because, although credited

with an almost world-wide distribution, their edaphic requirements
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limit them either entirely or largely to coastal areas of to where
inland salt deposits so that the actual size of the area they occupy
is relatively small; Other genera of the Chenopodiaceae which are
closely related to Salicornia, especially Haloenemum M. Bieb, and
Arthrocnemum (Moq.), often occur in similar habitats, Salicornia
species occupy a pioneer stage in the devel&pment of salt marsh
vegetation (e.g. Halket 1928, Rikli 1943, Chapman 1960, Brereton
1971, Chapman 1976). Also many inland areas, often far removed
from the coast, support an extensive halophytic vegetation. In these-
Salicornia spp. also form the pioneer community. Though in most cases
the inland Salicomia spp. were <given similar names to the coastal
species, one does not know whefher they are the same species., For
example, I have seen species of this genus in the saline depression
of Bahr-al-Najaf, south west of Najaf town in Iraq, which are known
as Saltiecornia europaea L.

.

1.1.5. Economic uses of Salicormia spp.

Economically the plant is of minor importance, though ecologically
it has a valuable place in the colonisation and reclamation of salt
marshes., Salicornia spp. had been used previously in glass making,
due to its richness in soda, and this is why it is known as "glasswort".
The plant itself is edible because of its salty test, usuallj being

pickled after initial boiling.

1.2. The species problem in Salicornia.

The genus Salicornia has always presented taxonomists with con-
siderable problems which, despite the renewed interest in recent years
and the extensive investigation in a number of European countries,

are by no means solved, as there is no general agreement as to the
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number of species in existence (mainly in Europe and Britain)., It
is interesting to note that most, if not all, of those workers who
‘have studied the plants in the field agree that there is more than

one species (e.g. Wood 1851, Duval-Jouve 1865, Dumortier 1868, Townsend

1904, Moss 1911, Willmott 1939, Dalby 1956, Ball and Tutin 1959).

Linnaeqs in his first edition of "Species Plantarum" (1753), re-
cognized only one species in north-west Europe (Salicornia europaea
L.). Subsequently the outlook has become more and more critical and
the number of sﬁpposed species has risen sharply. Indeed, Willmot
(Willmot unpublished) mentioned over 50 species in the British Isles
alone. This 1s indicative of the magnitude of the problem. This
difficulty had been recognised even by the earliest botanists of the
last century, as Hooker (1830) pointed out.for the first time that
there was confusion between the perennial species, Baxter (1839) also
said "Botanists of the highest authorities differ in opinion respecting
the specific distinction of British Salicorniae". Dalby (1955a)relates
this variable treatment of .the group as a result of the fact that ﬁhe
various characters used in species-discrimination show very few corr-
elated discontinuities; in general variation is continuous, between

extremes,

The classification of Salicornia foliowed is based on that pro-
posed by Clapham et al.(1962). At present their nine species have
generally been accepted as distinct species of this genus in Britain,
These species are:- Salicornia perennis Mill.,, S. ramosissima Woods.,
S. europaea L., S. obscura P.W. Ball and Tutin, S. pusilla WOo&s,

5. nitens P.W. Ball and Tutin, S. fragilis P.W. Ball and Tutin, S.

dolichostachya Moss, and Salicornia leutescens P.W. Ball and Tutin.
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Salicornia perennis is a very distinct species and the only perennial

one in the British Isles.

At present a primary division according to the chromosome number
is established. One diploid 2N = 18 and the other tetraploid 2N = 36,
with no triploids recorded as crosses between diploid and tetraploid,
However, there is a continuum for most other characters (Hambler .

1954, Ball and Tutip 1959, Dalby 1962).

The diploid species are:~ Salicornia ramosissima Woods., S. europaea
L., S. obscura Ball and Tutin, and S. pusilla Woods. The tetraploid‘
species are:- S. nitens Ball and Tutin, S. fragilis Ball and Tutin,

‘

S. dolichostachya Moss, and S. lutescens Ball and Tutin. However,
there is considerable agréement on chromosome numbers for each of the
above taxa, apart from Salicornia ramosissima and S. europaea both of
which appear to contain diploid and tetraploid forms, Dalby (1962).
Identification of a single specimen in the field of the annual forms
(apart from S. pusilla) in the traditional way is still difficult, and
at times impossible, and it may even be difficult to tell if the spec-

imen belongs to the diploid or tetraploid group without actually counting

the chromosomes.

The question which arises is why Salicornia should be taxono-
mically difficult? The most obvious point:-is the rémarkable morphology
of the plant which is represented by the extreme reduction in both the
floral and leaf structure and the consequent lack of orthodox characters.
The remaining morphological characters, mainly the plant habit and the
branching, have recently been proved to be of little taxonomic value

as these characters are greatly affected by the environmental conditions
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under which the plant grows. Dalby (19553)reported that the progeny

of two prdstratg parents were completgly erect, or with a slightly

bent or shortly decumbent portion below'the bottom node. Though the
progeny of a third prostrate parent were mostly prostrate. On the other
hand, some forms of Salicornia (referred to by Hambler (1954) as S.
Smithiana Moss) possess prostrate and erect forms. Also seeds from

a considerable number of prostrate plants have been grown in cqlti-
vation and.only one collection of S. pusilla gave prostrate progeny
(Ball and Tutin 1959). It seems the habit forms (prostrate/erect)
possess a genetical basis, but quite often erect forms may be trampled or
are decumbent, particularly in the early stages of growth, or prostrate
forms may become semi-erect (Ball and Tufin 1959, Dalby. 1962). Thus,
the intermediate forms usually lead to confusion concerning the branch-
iﬁg habit, even the potentially most richly branched plant can, under
the influence of competition, water stress or nutrient deficiency,
become nearly or quite unbranched (Dalby 1955b, Pigott 1969). For
instance, S. ramosissima, though typically much-branched and bushy is
often quite unbranched when growing in crowded pure stands or in com-
petition with other plants (Clapham et al. 1962). Other morphological
characters, such as the degree of branching and the length of the
branches, also proved to be affected by different factors such as in-
juring of the terminal spikes ana the plant falling over and being
phenotypically prostate (Ball and Tutin 1959). Even the supposedly
more reliable characters, such as the morphology of the spikes, mor-
phology and outline of the fertile segments, show some considerable
phenotypic variation. Microscopical characters, such as pollen grain
size, anther size, stomatal guard cell and seed size, also show a con-
siderable overlap, even in felation to chromosome number (Ball and

Tutin 1959; Dalby 1962, Ball and Brown 1970). However, they consider
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the pollen size to be more closely related with the chromosome number
than the other characters, but this relationship is not sufficiently
precise to be used alone as a reliable indication of the chromosome
number. For instance Ball and Tutin (1959) regarded pollen diameter

of about 29.5um as marking the change from diploid to tetraploid, whereas

Dalby (1962) would put it at 27.0um.

De Frain (1912) suggested that the occurrence and distribution of
"spiral cells" and "stereids" were of taxonomic significance. The
thorough examination of the occurrence, development and connection
ﬁetﬁeen these peculiar types of cells and their possible correlation
with environmental factors, such as sub-stratum drainage, and amount

of submergence, would be very desirable (Ball and Tutin._ 1959).

Due to the plant succulence, most of the characters observed in
the fresh plant will be lost when it is dried in the normal manner
and frequenély jdentification becomes impossible. Even for plants
preserved in recommended preservatives, such as 70% alcohol or with
a mixture of one part glycerine/one part 90% alcohol (Ball 1960a),
it is recommended that this be accompanied withbphotographs, and notes
on colour and texture., These factors make revision of the genus under the
present circumstances difficult, if .not fruitless if this is to involve
correlation with earlier worker's studies and would result in yet more

confusion.

There is clear evidence that much of the variation encountered is
caused by environmental conditions. The wide range of habitats in the
salt marsh ecosystem plays an important role in the morphological
variation of this difficult genus. The physiographic complexity of

salt marshes, as well as the predictable temporal fluctuations in
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edaphic conditions, result in considerable environmental heterogeneity.

Genetic differentiation within salt marsh species in response to environ-
mental heterogeneity is well established (Gregor 1930, 1946, Chapman
1960, Aston and Bradshaw 1966, Sharrosk 1967, Hannon and Bradshaw 1968,
Waisel 1972, Gray 1974). The tide represents the major factor in-
fluencing the vegetational zonation and succession (Chapman 1938, Jensen.
1974). The salt marsh is subjected to periodic inundation by sea water,
the lower the marsh the more frequent the inundation. When the flooding
tide leaves the marsh and is followed by a heavy downpour there is a
rapid change in the salinity of the soil water close to the surface. In
addition, there is also a purely mechanical effect exerted by the tide.

It seems this factor is in part responsible for colonization of different
forms of Salicormia throughout the salt marsh. The lowest part of the
marsh, which is subjected to the highest mechanical effect of the tide,

is characterized by the présence of the decumbent, green, 1ong—;piked plants
of 5. doltchostachya, while the edges of the channels and creeks at a higher
level, but still in free connection with the sea, are characterized by

the erect, green, medium spiked plants of 5. stricta, and finally on
reaching the upper marsh the dominant form is S. ramosissima. This’

kind of zonation was observed by Dalby (1955b)on a salt marsh at Shingle
Street, Suffolk. The presence of S. dolichostachya in the habitats

where there is frequent disturbance by the sea is related to the
cermination rate and the initial rate of growth of their seedlings

establishment (Wieh 1935, Ball and Browm 1970). However, Pigott (1969)

related this ability of the seedling to the availability of nitrogen.

A number of studies have been made to correlate the various environmental
factors such as salinity and tidal height to standing crops and marsh
production (Adams 1963, Stalter and Batson 1969, Good 1972). lHowever,

the results have often been inconclusive and, due to the nature of the
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correlational approach, failed to directly identify the causes of

the large differences in primary production. Pigott (1969) and Valiela
and Teal (1974) have claimed that nutrients were the most likely factors
determining the amount of plant growth on a salt marsh. Since coastal
salt marshes are repeatedly washed by sea water, it is likely that
micronutrients are not limiting factors to plant growth (Valiela and
Teal, 1974). Also it seems very likely that irom, potassium, magnesium,
and calcium are available in abundance throughout the year iq mar sh
sediments (Adams 1963, Goldberg. 1963; Mooring et als 1971, Tyler 19713,
Ranwell, 1972). Most authors working on the nutrient aspects of the

salt marsﬁ agree that nitrogen, in particular, and phosphorus are the
most likely macroelements limiting growth in the salt marsh plants,
Pigott (1969) showed that nitrogen deficiency is mainly fesponsible

for thé stuﬁted growth of Salicornia in the upper marshes. His analysis
of nitrogen and phosphorous conéentratioﬁs in large and stunted plants

of Salicorniq dolichostachya showed consistently lower concentrations

in the latter, which suggests deficiency rFstricting growth, Similarly
populations of S. europaea agg. from the upper levels of é salt marsh

at Stiffkey have slower growth rates than corresponding populations

from a low marsh at the same locality (Jefferies 1977). But he suggested
that the slower growth response to nitrogen of plants, from the upper marsh
away ffom drainage channels, is the result of selection for plants

with relatively low growth rates which are able to survive the periods

of stress during the summer months when the soil is hypersaline.

/During periods of exposure salt marshes are affected both by evap-
oration and rain., The upper marsh is exposed at all times, except for
relatively short periods of high water spring tides, but the lower marsh
is only ever exposed for no longer than a few hours at neap tides and

even then the water—table remains high, Dalby (1955b)noticed that the
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soil water content is responsible for much of the variation in size

of S. ramosissima; for instance, those along the side cf small pools
in Shingle Street salt marshes are much larger than those found away
from the pool side. Observations in the Lincoln, Nebraska marshes in
1968, indicated that the pre-growing season precipitation and soil
moisture content are respectively indirectly and directly

responsible for the distribution of Saltcornia (Unger et als 1969).
Dalby (1955;)has pointed out that the reduced size in Salicornia can
be induced by intense physical competition in.the one instance, and
by water shortage during the growing season in the other. As an example
he referred to S. gracillima types which are small and simple and usu-

ally markedly red when in fruit and with few fertile segments.

The pattern of variation in water content of the soil produces
gradients in aeration and salinity. Chapman (1938), Brereton (1971),
and Chapman (1976) pointed out that the presence of an aerated layer
just below the soil surface may be of the utmost importance in under-
standing how plants can liye on salt marshes., This aerated layer has
~a compositioﬁ quite different from that of the atmosphere in that it_
contains more carbon.dioxide thanvoxygen and its cdmposition varies
considerably over a single marsh, from marsh to marsh, and probably
seasonally as well (Chapman 1976), Brereton (1971) has shown that

the shoot and root growth of Salicornia was stimulated at the higher
oxygen ievél. Similarly he found the development of increasingly dense
stands of Salicornia was associated with the improved drainage conditions.
Dalby (1956) used the technique of alternating layers of silt and sand,
with a glass tube penetrating through the substratum, to provide a

good aeration for culturing Salicornia. Tyler (1971a) in analysing

the problem of differentiation in the Baltic sea-shore meadows pointed

out that "within the vegetation complex, however, it is chiefly the
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drainage conditions which decides the vertical range of the enduring

species and the zonal differentiation of the plant cover.

Variation in salinity of the salt marsh soil arises from the same
interplay of tidal flooding, evaporation, rainfall, proximity to creeks,
and mechanical composition of the soil (Morss 1927, Pigott 1969,
Chapman. 1976). So, as far as salinity values are concerned the upper
marsh is a much more varied habitat for plant growth than the lower
marsh. During summer, due to evaporation, the upper marsh may become .

. hypersaline. Observations in Nebraska indicate that with high evap-
oration rates during the summer salinity stress continues to increase

and Salicornia cannot establish itself on the salt ponds (Unger 1970).

It seems that the exéeptional plasticity.of this genus to environ—
mental factors is the main reason for continuous variation between the
extremes, which blur.the boundaries between the taxa (Dalby 1955a).
Heslop-Harrison (1955) used salt marsh species of Salicornia as an
example to show that plastic modifications of the phenotypes may permit
a species to occupy an extreme habitat until genetically better adapted
forms have evoived, when they will oust the originals, so that ecotype
replaces ecad. Then he added "If this is so then variations in Salicornia
may be genotypic in some cases and phenotypic in others". Waddington (1957)
expressed this phenomenon by saying '"there is a close integration between
the two, the environment can modify the channel which the form of the
organism can take", while Bradshaw (1965) considers that the wide var-
iation in characters due to the environmental factor, could be due to
the lack of adaptation to these environmental factors, and the genotype
concerned consequently being inadequatély buffered against the environ-

ment,
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The majority of Salicornia flowers as mentione& earlier are self
pollinated. On the other hand, observations in the field show that
although there is some overlap in flowering time between populations,
between the upper and lower marsh, there is a difference in flowering
time for example between S. ramosissima and S. stricta, the latter
flowers pérhaps a fortnight earlier than the former (Dalby 19553)?
Differences in flowering time between the populations may reduce the
effect of gene flow on the genetic composition of the population
(Jefferies 1977). So one can expect more or less a pure breeding line
which can be considered as microspecies or local races to be produced
(Stebbins 1950). 1In addition Dalby (1962) suggested that segregates
from occasional croéses between different lines cguld then act as the

source of new lines.

1.3. Taxonomic treatment of Salicornia in North-West Europe.

The first use of the name Salicornia appears to be in Cruydt Boek
of Dodoens (1554), which gave it to one of the plants included under

"Kali'.

tinnaeus in his first edition of the "Speciestlantarum" (1753)
describes one species of Salicormia as S. europaea L. under this name
he recognised two varieties as:- herbacea and  fruticosa. While in
his second edition of "Species Plantarum" (1763 ) these were raised
to specific rank, as an annual S. herbacea and a peremnial 5. fruticosa,

and the specific epithet of S. europaea was abandoned.

With regard to English forms of Salicornia we will begin with
"Ray Synopsis" edited by Dillenius (1724). Ray described two species

only. Hudson (1762) grouped all Ray's species annual and perennial
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under one species, S. europaea L., but with a number of varieties
based on Dillenius (1724). However, Ray's species were-gradually
ressurected, first as varieties (Withering 1776, Smith. 1800), and

then as full species (Gray. 1821; Smith 18238).

The next work, in which any change in British Salicornia was
made, was that of Smith (1797 and 1813). He recognised four species,
two of them perennial., The precise identities of these species is
uncertain,

The first critical stﬁdy of Salicornia in Britain was carried
out by Woods (1851). He recognised five annual species in the area
he had studied (Sussex and Hampshire). The identity of four of these
species has now been definitely ascertained, whilst the fifth species,
S. intermedia, is seen to be a mixture of the plants not placed in the
other four species., He was the first one who introduced the name of

S. pusilla and S. ramosissima, though he failed to notice the most

important diagnostic character of 5. pustilla, the one-flowered cyme.

In Belgium and on  the French Coast Dumdrtiér and Duval-Jouve
followed Wood's steps in examination and description of their native
forms of Salicormia. Dumortier (1868) described four species of
Salicornia as S. stricta, S. procumbens, S. prostrata and S. appressa.
His classification was mainly based on habit and branching: Neverthe-
less, he expressed his doubts that many species could be hidden under
the name 5. herbacea L. Duval-Jouve (1865),‘who was obviously much
impressed by the vegetative plasticity‘of the genus, classified his
species in dichotomousseries as to duration, habit, floral envelopes,
seeds, epidermis and tissues respectively. His two annual specles were

S. patula, as representing the diffuse forms, and S. emeriei (including
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S. procumbens Sm.) as representing the erect forms. Of the perennial

forms he recognised S. fruticosa L., and S. sarmentosa Duv-Jouve.

Townsend (1904), who revised Wood's material, also failed to
observe the most diagnostic character of S. pusilia: the one-flowered
cyme, which led him to consider a small form of Salicornia with 3-
flowered cymes as a variety of S. pusill& (Var. gracillima, M.S.).
The most important features of Townsend's work was the recognition
of six annuals and two perennials., The annual forms are:- S. st?icta
Dum., S. procumbens Sm., S. ramosissima Woods, S. pusilla Woods, S. appressa
Dumort, and S. intermedia Woods. The perennial forms are S. radicans

Sm. and S. lignosa Woods.

The most important work of this period was that of Moss (1911, 1912)
and Moss and Salisbury (1914). Moss (1911) initiated a.fresh attack on
the problem presented by the annual species of this genus found on
English coasts and on the neighbouring French coast. He succeeded
in clearing up a number of errors in the account of Woods,(1851) and
Townsend (1904) and recognised two of the more &istinct speciés of

this genus; S. dolichostachya and S. disarticulata (= S. pusilla).

Wilmott, shortly after the war of 1914-1918, began an extensive
study of this genus in Britain, but unfortunately he died before he
had produced an account of the genus in a form suitable for publication,
It seems his trained eye enabled him to distinguish many different
forms and certainly more than described in his contribution to the "Flora
of Hampshire" in Martin and Fraser (1939). He referred in his notes

to over 50 species.

Butcher and Strudwick in 1930 produced an account based on that
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of Moss (1911) and Moss and Salisbury (1914), but with some improved

illustrations.

Apaft from investigation by British workers two Scandinavians
have examined Salicornia in North West Europe. Gram (in Raunkier 1922,
1934) considerably revised the Danish plants, Hé recognised five
species, two of them new. These five species aré;— S. dolichostachya,
S. strictissima Gram, S. europaea L., S. ramosissima Wood, and S.
letosperma Gram. The identity of the fifth species is uncertain. It
seems to be identified as having glabrous seeds, but Nannfelatt (1955)
has indicated that this character ié of little significance, since
an examination for seeds of this species showed that they péssess a

hairy surface.

"Attempts have been made to correlate the chromosome number with
the morphology. The first attempts to do so was by K;nig (1939). He
worked on plants from the German Baltic coast and found two sets of
chromosome numbers: diploid plants, 2n = 18, and tetraploid plants,
2n = 36. He published a'series of photographs of the plant he had
examined. The cytotaxonomic work of Hambler-(1954, 1955) was restrict-
ed almost entirely to the determination of the chromosome number. He

showed that S. disarticulata HMoss (= S. pusilla Wood) has 2n = 16.

Dalby's cytological work (1956) confirmed the presence of two
sets of chromosome numbers, diploid §2n = 18) and tetraploid (2n = 36),
with no triploid plant as a cross between the diploid and the tetraploid.
His results showed that S. pusilla is definitely diploid (2n = 18),
S. dolichostachya is definitely tetfaploid (2n = 36), and both S.
ramosissima and S. europaea appear to contain diploid and tetraploid

forms. The other main part of Dalby's investigation was concermned with
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the variation in branching and habit characters in SalZcornia. By
cultivation he demonstrated that the degree of branching attended by
any one individual is environmental rather than genetical. Also

he pointed out that in many cases prostrate and erect forms were
identical apart from their habit. Excluding S. pusilla, he recog=
nised three groups on gross morphological character. These groups
were referred to as S. ramosissima (including S. gracillima group),

5. stricta, and S. dolichostachya.

Ball and Tutin (1959) attempted to assess the value of the
characters used in defining species of SalZcornia depending on evi-—
dence from both culture experiments and field observations, and tried
to cprrelate these characters with the chromosome number of the plant.
They grouped the annual species into eight species: four of them were
new, The species are:- S. ramosissima Woods (2n = 18), 5. ewropaea L.
(2n = 18),5. obscura P.W. Ball and Tutin, S. pusilla Woods, S. nitens
Ball P.W. and Tutin (2n = 36), S. fragilis Ball P.W. and Tutin (2n = 36),
S. dolichostachya Moss (2n = 36), and S. lutescens Ball P.W. and Tutin

(2n = 36).

They suggested that the name S. prostrata Pallas was not applicable
to plants from the British Isles, that S. appressa and S. smithiana
were phenotypes of S. ramosissima Woods, and that S. gracillima could

not be maintained as a species distinct from S. ramosissima.



50.

CHAPTER I1

CULTURING OF SALICORNIA:-

There have been many attempts to grow Salicornia even as early
as 1876 by Batalin. Halket (1915) cultured them in garden soil and
watered them with Tidman's sea salt, whilst Baumgartel(1917) cultured
Salicornia for anatomical purposes. Others such as Van Eijk (1939),
Dalby (1956), Béll (1960b) jBaumeister and Schmidt (1962) Langlois (1967),
have also grown Salicorniaq for different purposes. In general,
Salicornia hés been grown succeséfully in culture to maturity, either
from seedlings transplanted from the marsh (Halket 1928 and Van Eijk
1939), or from seeds (Dalb& 1956) . However, difficulties have been
reported in many of the culturing attempts, as Moss and Salisbury (1914),
Van Eijk (1939) and Baumeister and Schmidt (1962) reported that their
plants tended to fall over.. Ball (1960b)also pointed out that the
serious difficulty which was not overcome in most of the species, par-
ticularly the tetraploids as S. dolichostachya, was that their fertile

segments became flaccid before the seeds were mature.

From the field observations and the previous experiments it seems
that the main requirements for normal growth of Salifcornia are:- 1) Very
humid conditions particularly during the early stages of growth, 2) A
high light intensity, 3) The presence of sodium chloride, though it was
found that this was not essential to start germination; and 4) A firm
support for the roots, so that the plants will not fall over, provided
the roots are well aerated, (Dalby 1956; Brereton 1971). Covering the
plant with the sea water is not essential to achieve optimum growth,
since Salicornia spp. have been reported in inland salt marshes which

are completely away from any tidal influence.
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2.1, Choice of the culture technique:-

One of the primary objectives of the present study is to deal
with the phenotypic variability of the genus in relation to the fac-
tors causing it, and the range of this variation in terms of the
morphoiogical characters, it is inevitable that attention should be

given to ensuring uniform growth conditioms,

An automatic subirregation sand culture techniqué was preferred
because it:- 1) Affords, in conjunction with the nutrient solutions
an environment similar in some respect, to soil, and provides the
necessary physical support, which is important for a plant as succ—
ulent as Salicornia, 2) Permits a complete control of the level of
the nutrient solutions, and 3) Ensures a‘liberal aeration for the root
when the solution drains, without the need of a special device to do

S0,

This apparatus has proved to be quite successful for gfowing
Salicornia and relatively trouble-free in operation. The system in
general incorporates the same principles as that of Arnon and
Grossenbacher (1947) with some modifications which will be disc;ssed

in describing the apparatus.

2.2 Description of the apparatus:-

The apparatus may best be described by referring to the illustra-—

tion (Figure 2.1 ) which shows the general layout of the apparatus.

Compressed air was firstly passed through two glass cylinders
(B1 and BZ) each of 36cm length, Their necks (25cm. length and 6.0cm
in diameter) were packed with glass wool to free the compressed air

flow from any trace of oil from the pump. An adjustable escape screw



52.
Illustration of Figure 2,1 ;-
A = air pump compressor (power 20 pounds/square inch, supplied
by Edward High Vacuum Ltd., Manor Royal, Crawley, Suséex).
B1 and B2 = two glass cylinder which their necks packed with
glass wool.
C = adjustable escape screw clip.
D = normally closed solenoid valve (2/2-way valve, supplied by
Herion ~ Werke KG, Regel-Und Stertechnik. 7012 Fellbach).
E = compressed air inlet.
F = hard walled compressed air distributor bottle of polythene.
G = P.V.C. tube in which the air pressure flows from the air
distributor bottle to the nutriént solution reservoir.
H = normally open solenoid vdlve (deséription similar to the
above one). |
I = nutrient solution reservoir of 20 litres capacity.
J = nutrient solution delivery tube from the solution reservoir
to the cultuyre tank.
K = the rubber bunge, number 18.
L = glass tube,
M = copper tube.
N = glass tube connected with nylon tube (nylon connector.)
0 = nylon fitting, (supplied by Simplifix). |
P = brass fitting (N 125/24, supplied by Simplifix).
Q= sandrfilter.
R = sand culture tank (Osma glass, supplied by Osma Plastics
Ltd., Hayes, Middlesex. U.K.).
S5 = sand surface.
T = adjustable screw which can be used to isolate any culture
unit from the system.

U = the culture bed.
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Figure 2,1 ' General sketch of the automatic subirrigation system
which had been used for culturing Salicornia plants.

(For illustration see the opposite page).



Illustration of Figure 2.1 (Continued):-

! W = light banke which consists from 30 cool flourscet tube (Y) and
eight tungsten bulbs (Z).
V = shows the electrical circuits for main and subsidiary time clock

switches, pumps and solenoid valves which are used to operate the

system.
V1 = 24 hour clock.
V1a = l-hour subsidiary clock.
é ) D = normally closed solenoid valve.

A

]

air pump compressor.

V2 = 24 hour clock,

H = normally open solenoid valve.
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clip (C) was used to provide a slight leak to prevent a build up of
pressure in the system; especially when the nutrient reservoirs were
full with the solution. This clip was also used to adjust the time
needed for the solution to be raised to the level required in the
culture tanks (R). The compressed air line (E) was fed into a hard-
walled 15 litre polythene bottle (F), referred to as the centralvdis-
tributor bottle, via a solenoid valvé (H). This solenoid valve was
ﬁormally kept closed. This central distributor bottle (F) was fitted
with 16 flexible p.v.c. tube side outlets (G). Each outlet was con-
nected with one nutrient solution reservoir (I). Passing the com—
pressed air initially ﬁo the central bottle and then to each reservoir
ensured that the air pressure was distributed uniformly to each’res-
ervoir (I) and so each culture tank (R) received an equal amount of
nutrient solution. Solenoid valve (D), normally closed, opengd when
the compressor was 'on', to allow the air to pass, and closed when the
compressor was 'off', to stop leaking from the system through the inlet
tube (E). A solenoid valve (H), normally open, was fitted at the top
af the central distributor bottle (F), and was closed when the com-
pressor was 'on', to build up the required pressure inside the system and
open when the pressure needed to be released. Through.this valve, the

level of the solution inside the culture tanks (R) could be adjusted.

Each solution reservoir was fitted with a rubber bung (K), through
which passed two tubes; one glass (L) and the other copper (M). The
bottom of the glass tube (L) was connected with a fléxible p.v.c. tube
(J) which reached to within one inch‘of the bottom of thé solution
reservoir (I), and its top was also fitted with.a flexible p.v.c. tube

connected with the culture tank through a brass fitting (P).

The copper tube (M) protruded about 3.0cm. from the both sides
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(above and below) of the rubber bung. The outer diameter of the
copper tube was 0.9cm and its inner diameter 0.8cm. The upper part
of the copper tube (M) was connected with one of the air pressure

outlets, made of p.v.c.itubing, (G) from the central distributor bottle (F).

Each of the 16 culture tanks (R) was supplied with a hole of 1.7cm.
in diameter, placed about 6.5cm from the bottom of the tank. This
hole was fitted with a brass fitting (R) which protruded about 3.5cm.
from outside and 3.0cm. from inside the tank. The outer part of this
brass fitting (P) was connected with a short piece of glass tubing (N)
through a nylon connector. This glass tubing was inserted in the‘sol-
ution delivery p.v.c. tubing (J). The nylon connector was connected
with the brass'fitting via an olive to prevent leaking of the solution.
The inside part of the brass fitting was connected with flexible p.v.c.
tubing of 22.0cm. length via a black nylon fitting (0). The other end
of this p.v.c. tube was inserted in the body of a hard nylon cylinder
(Q) opened from the both sides (6.0cm. in length, 4.0cm. in diameter,
and 0.2cm. thickness). This nylon cylinder (P) was positioned in the
centre of the culture tank (R), and placed horizontally, so that the
two openings faced sideways. Then it was packed with a glass wool and
its two openings were wrapped with a nylon mesh clothing. This cylinder
served as a filter to retain the small particles of sand from passing
into the solution delivery tubes (J). The culture tanks (R) used in
the experiment were Osmaglass (C.10) expansion cisterns, sold as water
tanks with a minimum capacity of 27.2 litres (6.0 gallons) to the water
line, with dimensions 49.0 x 36.0 x 34.0cm. ‘Each tank was supplied
with 30 kilograms of sand to cover to a depth of 15cm. The 16 culture
tanks were positioned rectangularly in a row of four above the culture
bed (photograph2.1l), almost in the middle of the green house, so that

each tank received an equal amount of natural light.
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Photograph 2.1

-

Shows the layout of the culture tanks and the tanks

number in the greenhouse.
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The culture bed had a length of three metres and a width of two
metres, and 60cﬁ. above grbund level. The nutrient solution reservoirs
(1), each of 20 litres capacity, were placed below the culture bed in
the same sequence as the culture tanks, so that each container was
positioned directly below its tank (photograph 2.2). The culture bed
was covered completely with a blackvpolytheﬁe sheet to exclude the
light from the nutrient reservoirs and the solution delivery tubes,

The exposed parts of the.solution delivery tubes; above the culture
bed_were.painted black. All the brass fittings and the copper tubes
in contact with the solution were painted with a physiologically

inert black paint.

This system was designed so that each culture tank has its own
nutrient solution reservoir, each with its own delivery tubes, thus
giving the advantage of being able to have different kinds of nutrient

treatment at the same time.

2.3 Operation of the apparatus:-

The operation of the apparatus Qas as follows:—
1. The system was arranged to operate twice daily wigh 12 hour in-
tervals, The air compressor (A) and the solenoid valve (D) were both
connected to one circuit (circuit No. 1, Figure 2,1) controlled by one
24 - hour, and one 1 - hour subsidary time switch. The solenoid valve
(H) was connected to a separate circuit (circuit No. 2, Figure 2.1)
controlled only by one 24V— hour time switch. The two 24 — hour time

switches have been synchronised to read exactly the same time,

2. At the beginning of each irrigation cycle the nutrient solutions
were in the containers., Then the circuit connecting the valve (H)

was switched 'on' 30 minutes before the circuit connecting the air
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Photograph 2.2

Shows the layout of the nutrient reservoirs under

the culture bed in the greenhouse.
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compressor (A) and the solencid valve (D).

3. At a predetermined time, the time switch connecting the air com—
pressor and the valve (D) opened, and the compressed air fed into the
system. The adjustable escape screw clip (C) was adjusted so that the
solution reached the sand surface within two and a half minutes, also
at this rate anyvair lock in the delivery tubes due to the air bubbles

would be dislodged.

"4, When the solution was raised in the culture tanks to the level

required, the circuit connecting the valve (H) remained 'on', This
allowed the pressure to be maintained in the system, but there was

no further rise of the solution in the culture tanks.

5. At the end of the 12 hour interval the circuit connecting the
valve (H) closed causing the valve to open, and the pressure in the sys-—
tem to fall to atmospheric, and as the pressure falls the tanks drain

and the solution flows back into the reservoirs.

6. As the solution drained out of the culture tanks at the end of
each cycle air was drawn down into the sand by its retreat, ensuring

aeration of the roots.

2.4 Selection of the culture solution:-

To select a suitable solution for culture is very important. The
solution must contain all the macro-and micro-nutrients in a balanced
proportion and at the same time the pH must also be suitable for the
growth of the plant. In selecting the solution frequent references

were made to Hewitt (1966).
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The solution finally selected in this study was that of Armon
(1938), and sometimes cited as Arnon's or Hoagland's Solution and
the same as solution No. 2 of Hoagland and Arnon (1938). However,
in this study the solution is referred to as Hoagland and Arnon (1938).
The Table ( 2.1) shows the composition, molarity and the weights used
in preparing each of the 10 salts. This solution has been shown to
be of use in growing a wide range of species including halophytic
plants. Since the solution does not have any source of sodium or
chloride, this will simplify the process of increasing the salinity
in the solution to the required level simpiy by addition the appro-
priate weight of sodium chloride to the prepared solution. The con—
centrations of sodium chloride adopted throughout the present study

will be shown later in each of the forthcoming experiments.,

All the chemicals used were 'Analar' grade reagents so as to min-
imise the effect of impurities. Reagents of the same made and grade

were used throughout, for the sake of uniformity.

In preparing a solution,'the proper weight of the reagent (TableZ2.1l)
was dissolved in glass distilled water., For each salt a stock of 1,000
litres was prepared and stored in dark bottles. Iron (as Ferrous sul-
pﬁate + tartric acid) was mixed in immediately before use, and added
to the nutrient solution twice or three times weekly. In all weighings
accuracy was maintained upto the three decimal places. The machine

used for this purpose was a Mettler balance, Model B6.

In preparing the full strength solution a polythene aspirator
of 25 litres was used. The proper volume from each stock was added
(Table 2;1), usually the solution of calcium nitrate and ammonium

dihydrogen orthophosphate was added at the end to avoid the risk of
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Table 241 The composition of the complete nutrient solution
used in the present study, according to Hoagland and
Arnon (1938) formula.
Salt Molarity | Weight g./1000 1, | Molcular ml. in a litre
weight of nutrient
solution
(8719
1. KNO3 0.006 0.656 656.00 101.10 2
2. Ca (NO3)2 0.004 0. 656 656,00 164.10 2
( or :
(Ca (N0 3),4H,0/0.004 0.945 945,00 236.15 - 2
4. MgS04 7 Hy0 0.002 0.49 490,00 246.49 2
5. Ferrous
sulphate
(0.6p.p.m.Fe)
" Fe S04 7 H20 5.0 278.03 )
+ ) 0.6
Tartric acid 4.0 .168.10 )
(mg./1.) ,
6. H3Bp3 2.86 2.860 61.84 1
7. MnCly 4 HeO 1.81 1.810 197.91 1
8. Zn S04 7Hy O 0.22 0.220 287.55 1
9. CuS04 5H,0 0.08 0.080 249.71 1
10. HpyMgOy 0.09 0,090 161.97 1
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precipitation. Then the prepared solution was mixed thoroughly by

shaking the aspirator very vigorously. This solution from here on-

wards will be known as the normal or complete culture solution.

Then the proper weight of sodium chloride was added and agéin the solution
was mixed until the sodium chloride had dissolved completely. The |
reaction of the complete culture solution was about pH6. These values
were read on an Electronic Instrument Ltd pH meter Model 7060. The
addition of sodium chloride did not bring about any significant changes

in the pll of the solution.

The new complete solution was prepafed on the same day as the
previous solution needed to be changed. During the process of changing
the solution, the previous solution was drained out completely, mean-
while the sand surface in the culture tank was flushed with distilled
water. Since the growth season was during the summer, the actual pro-
cess of changing the solution was done after sunset, to avéid any -
effect of the sun light on the composition of the prepared complete
culture solution. Before adding the new culture solution to the nutrienf
reseryoirs the reservoirs were rinsed many times in glass distilled

water, after they had been washed with hot water and detergent.

2.5 Source and treatment of the sand before use:-

The sand used in all the growth experiments was obtained from

Leighton Buzzard, Bedfordshire, with a particle size of about 12 mesh,

The sand was initiélly washed with an ample amount of running tap
water using sieve size 16 mesh to remove the smaller particles as far
as possible. This process used to be repeated at least three times.
Then the sand was soaked with cold 3% hydrochloric acid in a big poly-

thene bin of 25 gallons capacity for a week. Then the acid treated
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sand was leached with running tap water several times during the day,
this process being repeated for three to four days., The sand was then
soaked with the appropriate culture solution. The solution was changed
every day until the leached of 24 hours showed no change in the pH.

The sand was then ready for use. The pH indicator used for this purpose

was Brom-Cresol green which has the pH range 3.8 - 5.4. Usually this

process of leaching took about three weeks.

For each growth experiment a new sand sample was used, and each

time the sand was treated exactly the same,

2.6 Cleaning of the glassware and the culture equipment used in the growth

experiments:—

All the glassware and reagent bottles, which were used in prepar-
ation and storing of the stock solutions, and the polythene aspirator,
which was used for the preparation of the complete nutrienf solﬁtion,
were initially washed with hot water and detergent, and then with hot
hydrochloric acid : water 1:1 by volume, and then washed with an ample
amount of tap water and later rinsed thoroughly in glass distilled water

and dried before use for the solution work.

Initially all the culturing equipment, including the tanks, the
solution reservoirs, the solution delivery tubes (p.v.c.), the glass
tube connections and all the material which was in contact with the

nutrient solution, were washed in the same way as above,

Before each growth experiment, all the solution delivery p.v.c.
tubes, and the cotton wool of the sand filters, were changed compietely.
While the culture tanks and the solution reservoirs were cleaned before

re-use in the same way as mentioned above, particularly in the nutrient-



deficiency experiments.
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CHAPTER III

MORPHOLOGICAL BEHAVIOUR OF DIFFERENT TYPES OF SALICORNIA UNDER

UNIFORM GROWTH CONDITIONS.

In experimental taxonomy the first step is to study the behav-
iour of different forms (of the same taxonomic category) of tﬁe plant
in question under controlled environmental conditions and to see how
these different forms behave under uniform growth conditions. This
permits comparison of the beﬁaviour of plants of unlike heredity in-
a uniform environment, thereby distingﬁishing between genotypic var-
iation and environmental modification. Also the comparison between
the progeny of similar types collected from different salt marshes,
as well as between individuals which belong to the same population,
may throw light on how environmental variation, due to the salt marsh
habitat, results in genetic differentiation in Salicornia. In addition,
this study also attempts to relate the morphology of the plant to the

ploidy level of the types of Salicornia grown.

3.1 Experimental procedures:—

3.1.1 Plant collection:—

An attempt was made to grow plants belonging to the following
types of Salicornia; S. ramosissima, S. europaea, and S. dolichostachya.
Ten to fifteen plants were collected from well developed populations
during the summer months (August — September 1973). These collections
were made from Milford Haven, Hayling Island, and the Norfolk salt
marshes on the English coast. The plant types collected and their
‘respective locations can be seen in Table 3.1, The plants, after
provisional identification, were exposed to the air in the greenhouse,

under natural environmental conditions, until they became brown in



Table 3.1

in 1974 growth experiment.
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Shows the origin of Salicornia types cultivated

Salieornta type

Tank_No/|

Origin of the parent seeds.

I

11

- Salicornia dolichostachya

(parent plants collected

from one population)

- S. dolichostachya

(parent plants collected

from different localities)

II1 - Salicornia auropaea

(parent plants collected

from one population)

IV - 5. europaea

(parent plants collected

different localities)

3A

4A

7A

12A

15A

10B

11B

128

13B

14A

1B

2A
5B
7B
11A

15B

2B

4B

Bentlass, Pembroke river, Milford
Haven :£+923032.

1t
Tt "
T mn

n "

Warham saltmarsh, Wells — next
to the sea, — Norfolk: 934447

Northney, Hayling Island
Hampshire. 728042

Warham saltmarsh, Wells -= next
to the sea, — Norfolk. 934448

" "

Norton and Overy saltmarsh
Burnham Norton, - Norfolk: TF8344

Norton and Overy saltmarsh
Brunham Norton, — Norfolk: "

1t "

|Near Yacht Haven, Hayling

Island, Hampshire: Su7201

Titchwell saltmarsh,
Brancaster — Norfolk: TF7544
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Table 3.1 (Con;inued)

68.

Salicornia type Tank No. Origin of the parent seeds.
1V - S. europaea (Cont.)
6B Northney, Hayling Iéland,
: Hampshire. 728042
8A Warham saltmarsh, Wells - next
to the sea, - Norfolk: TF9444
9B Near Yacht Haven, Hayling
Island, Hampshire: Su7201
16B Titchwell saltmarsh,
Brancaster = Norfolk: TF7544
V = Salicornia ramosissima
(parent plant collected 9A Titchwell saltmarsh,
Brancaster — Norfolk: TF7544
from different localities) | 10A Bentlass, Pembroke river,
Milford Haven 923032
16A Titchwell saltmarsh,
o Brancaster - Norfolk: TF7544
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colour and the seeds ripened. Extra caution was taken so that no -
mixing of seeds could take piace. Each plant was then placed in a
paper bag and stored in the cold room Qt 5°C) throughout the winter

S€£ason.

3.1,2, The growth conditions:-

In this experiment, each culture tank was partitioned into two
equal sections, referred to as A and B, Each section was sown with
the seeds of one parent plant., The experiment had been planned so
that six tanks (sections) would be sown with the seeds of six plants
belonging to S. dolichostachya, all collected from one population,
and six tanks sown with the seed of six other plants (S. dolichostachya),
but collected from different localities. A similar pattern was used
for S. europaea. 1In addition,‘thfee tanks were sown with seeds of
S. ramosissima. The tank numbers for each of the cultured plant

groups can be seen in Table 3.1,

When sowing the seeds, .caution was taken not to push them too
deep into the sand. The seeds were usually sown in the tank after
the nutrient solution had risen to the sand surface, which was just
enough to keep it in a moist or wet condition. This conditions was
maintained for the first six weeks of the cultivation period, to avoid
any physical disturbance during seedling establishment. This stage
of the growth period is very critical for Salicornia and so the plants
were kept under continuous observation, particularly during the summer
mid-day,to avoid the sand surface becoming too dry through evaporation.
The pressure inside the culturing system was increased once the nutrient
level fell. In addition each culture tank was covered with a thin .
transparent polythene sheet to increase the atmospheric humidity inside

the culture tank and the sand surface regularly sprayed with distilled
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water to dissolve any crystallized salt, particularly around the lower

part of the plant,

Each culture tank was supplied with 17 litres of complete nutrient
solution (Hoagland and Arnon 1938), Once germination had comﬁenced 15 gm
of Sodium chloride was added to each litre of nutrient solution bringing
the total salinity up to 1.5 percent. The nutrient solution was changed
each fortnight after the firstisix weeks, Besides the greenhouse being
naturally illuminated, a light bank of 30 cool white fluorescent tubes
and efégt 60 - watt tungsten bulbs were added. The light bank was

positioned at 80 cms. distance from the sand surface in the culture

tank. This provided a light intensity of 2500 Lux at the surface.

Cultivation started with the sowing of seeds on 29th April,1974. .
The daily relative humidity and temperature (€% of the greenhouse
throughout the 25 weeksgrowth period can be seen in the following

Table (3.2 ). They were measured with a CASELLA Thermohygrograph.

3.1.3. Cytological technique:-

The following technique was adopted in this study for counting
the chromosome number of selected specimens of Salicornia. It proved

to give satisfactory results:-—

3.1,3,1. Seed germination:-—

The séeds were germinated in sterilised petridishes with three
Whatman filter papers soaked with distilled water. The petridishes
were then kept in an incubation room at 25°C, Germination usually
started within 3-5 days, but it was found root tips of 7-10 days old

gave better results,



Table 3.2

The means and range of the maximum and
minimum daily temperature and relative

humidity in the greenhous®,

Temperature c®)

Relative Humidity (7%)

Mean Range Mean Range
Maxilmum 29.00 20 - 33 Maximum 97.03 85 - 99
Minimum 13.26 10 - 16 Minimum 43,37 25 - 66

71.
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3.1.3.2. Staining technique and the preparation of permanent slides

from root tips:-—

Chromosome  counts were made, from fresh material, during the
metaphase stage of mitotic division. Since Salicornia chromosomes
are small - O.6mm - 1.8mm in length - and frequently show a tend-
ency to aggregate (Dalby 1956), if was found necessary to pretreat
the root tip to disperse the chromosomes. A saturated aqueus sélution
of Para d;chlorobenzene (P.D.B.) was found convenient for this purpose.
The germinated root tips (7-10 days old), weré placed in a-test tube
with a few mls of saturated P.D.B. and placed in an inchbator, in the
dark, at 10° - 14°C (Shema and Sherma 1972) for 24-3 hours. This pre-
treatment usually gave a good separation of the chrbmosomes, since
less than two hours achieved poor separation and more than 3 hours
often caused their fragmentation., After the prg-treatmént the root
tips were rinsed quickly in distilled water and fixed for 12-24 hrs.
in freshly prepared 1:3 glacial acetic acid: absolute ethanol (Carnoy's
fluid 1886). The root tips were tﬁen placed in 707 ethanol for about
one hour in which they can also be stored at a low temperature for a
longer time, if required. However, in this study no slides were made
from stored material. The root tips were then rinsed seyeral times
in distilled water and placed.in test tubes containing 1IN Hcl at 60°C
in a water bath for hydrolysis. A thermometer was used to observe any
change in the temperature, Hydrolysis time was bgtween'16-18 minutes,
and usually gave a good result. Hydrolysis was stopped by dipping the
root tip carefully in distilled water, followed by 2-3 quick rinses.
The stain used was Feulgen's Stain (Schiff reagent, supplied by Gurr,
High Wycombe, Bucks, England). The root tip was usually placed in
a few mls., of fresh Feulgen and kept in the dérk, until the ultimate
tip of the root tip appeared deep purple (about 1} - 2 hours). Perm-

anent slides were then made according to Schedule 2., Feuléen staining
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i

of plant tissue (Shaw 1973).

3.2 General observation on Salicornia in culture:-

In generél the growth techniques used proved to be very sat-
isfactory for the growth of Salicornia spp. All the selected types
were grown well from seeds producing well developed branches, flowers
and seeds, though it seems the adopted nutrient solutibn (Hoagland
" and Arnon, 1938, Table 3,3 ) was comparatively rich in its nitrogen
content in relation to the requirements of Salicornia.. All the
cﬁltivated plants déveloped_very rich vegetativevgrowth, in comparison
with those well grown plants in the field, (photograph3,i). In
addition ,the plants showed a high tendency fér branching, and in
many cases this resulted in some growth abnormality, such as stim-
ulating the production of lateral branches from the normal terminal

spikes, (photograph 3.3. pageby ).

In the 3rd - 4th weeks of cultivation almost all the plants
grown began to form fertile segments (terminal spike). Prior to
this the planté'had received a 16 hour daylight period. Hdwever,
when the light period was reduced to 14 hours/day the plants returned
to producing sterile segments (vegetative growth). This phenomenon
is referred to here as "pre;flowering attempts", It seems that this
light treatment (16 hour/day) resulted in some disturbance in the
physiology of the plant, ;s in some plants 3 — 4 pre-flowering attempté
were noticed, though the majority of the ﬁlants only showed one pre-
flowering attempt, (photograph 3.2). However, this treatmeﬁt did nﬁt
produce any other ﬁorphological abnormality as the plant continued

their normal life cycle in producing the terminal spikes and seeds.

The selected types of Salicornia showed differences in their
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Table 3.3

74.

. Shows the concentrations as milligram equivalents

~

per litre, and as parts per million, which are
supplied to the plants grown in complete nutrient

solution of Hoagland and Arnon (1938).

Elements _ . Mg, equiv/l. | . p.p.m.
Ca ++ 8 ~ 160.
Mg.++ . 4 48
K + | 6 234
N as NE& 1 14
N as NO3~ 14 196
P as P04 ——— 3 31
S as S04 — 4 64
Mn . 0.5

Cu 0.02

Zn 0.05

B 0.5

Mo u 0.01
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Photograph 3.1 : Shows the enormous vegetative growth which attained

by the two plants of Salicormia; S. europaeca (11A)

and S. dolichostachya (13B).



76.

’HH 1L
e~
QM
>
N

(il

:

i

mm‘

Shows S. ramosissima plant, with the pre-flowering

Photograph 3.2
phenomenon as a result of 16 hours daylight period

in the early stages of growth,
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flowering time, but in general the plants which belongéd to S.
dolichostachya flowered earlier than those of S. europdea and S.
ramosissima by 10 days and in some cases more than two weeks.
No differences were noticed between these types concerning their

germination date.

Concerning the plant's célour, all the types grown were green
to dark green and,noné of them developed the red colouration
(betacyanin), which is usually developed in the field at the end
of the growth season. Even the progeny of completely red plants
(S. europaea, tank 9B), did not show the fed colouration, but a
few individuals‘developed pink spots in the perianth. All the cul-
tured plants at the end of their flowering stage became yellowish—

green or pale-green,

_Iﬁ was noticed that any abnormality in the terminal spike, e.g.
if the terminal spike ceased to complete its normal growth, resulted
in the'elongation of the two upper branches, In some cases each
_branéh behaved like the main axis in forming sterile segments and
secondary branches followed by the terminal spike. In other cases,
it was found that the.death of the‘terminal spike resulted in the

increase of the number of the terminal spikes originating beneath

the sterile segment.

It was observed that the length of the side branches (particularly
the lower ones) were affected by the degree of crowding of the plants,
as the branch closest to another plant ceased to grow, while the branch

of the opposite side grew much longer if no plant was close to 1it,
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3.3. The statistical analysis of the morphological characters:-

The characters selected in the present investigation can be
grouped as follows:-

1. = Vegetative morphological characters.

2., - Microscopical characters,

3. - Fertile segment ratio characters.

3.3.1. Vegetative morphological characters:-

The vegetative characters considered in this study can be seen
from Table 3.4. For each type of Salicornia cultured, the vegetative
characters were measured from 10 — 15 mature plants with the aid of
a small-divisioned ruler. The meén, + 2 standard~qevigtions and the
variance were célculated, in the appendix (Tables A.3.1 - A.3.5.). -
Also the significance level for eéch of the selected vegetative characters
between the means of selected plant groﬁps were tested using both 'F'
and 't' tests. For example for each vegetative character between any
two Salicornia types are considered significantly similar when both 'F' and
't' tests values are not significant, or if they possessed a'proﬁ—
ability ﬁf greater than 0.05. On the other hand if the value of any
one of them or both ('F' and 't') showed a probability of less than

0.05, then these two means are considered significantly different.

The probability levels for each of the vegetative characters are
presented separately in the form of a half similarity matrix (Figure
3.1).» The presentation of the probability levels in this form en-
abled the calculation of similarity indices for each of the vegetative
characters between the selected plant groups. The plants selected

for this comparison included plants belonging to Salicormia dolichostachya
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and S. europaea types, and employed individuals which originally

belonged to one population, as well as individuals whoéé’parents
were collected from different localities. The similarity index
was calculated as follows:-
%Z similarity = number of significantly similar means x 100

number of significantly similar means +
number of significantly different means

From the significance triangle (Figure3.].) and the.similarity
index (Table 3.4), it can be noticed that almost all the vegetative
characters of both plant types of Sqlicomia (dolichostachya and europaea)
showed higher similarity between the types which belonged to one pop—-
ulation than between types which.originated from different localities.
Table 3.4, also shows that the differences in the similarity index,
between the types from one population and those from different loc-—
alities, are much higher between S. europaea types than between S,
dolichostachya types. In gemeral, the vegetative characters showed
higher similarity between individuals of S. dolichostachya than bet-
ween individuals of S..europaea, such variation can also be noti;ed from

figures 3.2-3,12, and photogrgphs 3.3-3.5.

An attempt was made to relate the. vegetative characters of the
25 cultivated types of Salicorni& to the ploidy level. Simply the
mean values with + 2 standard deviation were plotted for each character
in the 25 plant types (Figures 3.2—5.12ﬂhe results of this present in-
vestigation reveal that none of these vegetative characters showed a
positive correlation with the ploidy level. Even such a distinctive
character, in the field, as terminal Spike leﬁgth sho&ed overlapping
between the diploid and the tetraploid forms of Salicornia. For
example, from Figure 3.5, it can be seen that some forms of diploid

S. europaea showed a longer terminal spike than some tetraploid forms
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(Continued)

Figure 3.¥
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Table 3.4

Shows the similarity index (in percentages) between the plants of each of the cultured

Salicornia groups, in terms of the vegetative characters measured.

Salicornia groups || S. dolichostachya S. dolichostachya S. europaea S. europaea
. (plants from one (plants from different (plants from one (plants from
Vegetative characters population) localities) population) different localities)
1.  Shoot length 70.0 60.0 33.33 0.0
2, Total numbe¥ of primary branches 83.33 100.0 40.00 14.0
from the main axis.
sterile se ts 1
3. Number of Sterile segments in 66.67 70.0 40.0 20.0
the main axis,
4. Terminal spike length 100.0 80.0 20.0 40.0
5. Numb?r of fgrtlle segments in the 60.0 80.0 33,33 53.0
terminal spike
6. Length of t@e lovermost branch 90.0 70.0 53.33 40.0
from the main axis.
7.  Angle of the uppermost branch with 100.0 20.0 40.0 20.0
the main axis.
8. Angle ?f thg lowermost branch with 90.0 90.0 ' 40.0 90.0
the main axis.
9. Length of the sterile segment
below the terminal spike. 80.0 70.0 33.33 33.33
10. Length of the sterile segment in
the lower part of the main axis. 50.0 30.0 53.33 14.00
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Figures 3.2- — Comparison the mean values of shoot length, total number

3,12

4
"t

of primary branches from the main axis, total number of
sterile segments in the main axis, terminal spike length,
number of fertile segments in the terminal spike, length
of the uppermost branch from the main axis, length of the
lowermost branch from the main axis, length of sterile
segment in the lower part of the plant, length of the
sterile segment below the terminal spike, angle of tﬁe
uppermost branch with the main axis, and angle of the
lowermost branch with the main axis respectively for the
25 cultured types of Salicornia of known chromosome number
(2 x = diploid, 4 x = tetraploi&),.with-::Z standard
deviation as an estimate of the range. The 25 cultured

types of Salicornia were grouped as follows:-—

O Sqlicornia dolichostachy (Parent plantsAfrom one population).
] S'.. doZichos;tachya (Parent plants from different 1ocalitie§).
O S. europaea (Parent plants from one EOpﬁl;tion).

L 2 éurbpaea (Parent plants from different localities),

A S, ramosissima (Parent plants from different localities).

it R
Tars
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Photograph 3.3 : Shows
were collected from one population. Also notice the

four plants of Sglicornia europaea whose parents

phenomenon of producing lateral terminal spikes, may

be as a result of high dosage of nitrogen, which ofter

happened in S. ewropaea types.
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Photograph 3.5 : Shows four plants of Salicornia dolichostachya group

whose parents were collected from one population.
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of 8. dolichostachya.

3.3.2, Microscopical characters:-

The microscopical characters selected in this study were the
anther size, pollen grain diameter, and the stomatal length. The
length of fully mature anthers was measured with the aid of an eye-
piéce micrometer. For each of the cultivated Salicornia types 50
anthers were mea;ured, usually 5 anthers being measured from each
individual plant. The fully matured anther was crushed on a slide
usually in a drop of aceto—orcein to stain tﬁe pollen grains. The
‘stomata were measured in the epidermal layer, which was stripped
off the sterile segment below the terminal ;pike from the already
fixed ﬁgture plants (fixative used was 507 ethanol). The stomatal
length and the pollen grain diameter were both méasured with the aid
of an eye-piece micrometer; and in each case one hundred measurements
were taken for each of the cultured 25 Salicornia types, 10 measure-
ments being made from each individual plant, The measurements for
the three chéracters are presented in um, and their mean values with
the + standard error of the mean were plotted for the 25 Salicornia

types in Figure 3.13 ,

From these figufes it can be seén that the anther length and the
pollen grain diameter are larger in the tetraploid forms than in the
dipioid ones, The ;ultured plant types can be placed in two groups on
the basis of anther lengfh and pollen grain size. However, the pollen’
diameter shows more overlap between the tetraploid and the diploid.
Figure 3.19 illustrates a strong relation between the pollen grain.

diameter and the anther size (Page 103)°

On the other hand, the stomatal length did not show positive
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anther length means and standard error of the mean of

84

the 25 cultured types of Salicornia (see page

for explanation of the groups).
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correlation with the ploidy level of the plant types grown under

“

controlled conditions (Figure 3.13.

3.3.3 Fertile segment ratios:—

In the present comparison 11 fertile segment ratios were cal
culated (See Figure 3.14 and Page 97). The mean values of each ratio
(presented as an index) are plotted for the 25 cultured Salicornia

types in figures 3.15 - 3.19.

o . ‘C+
From the figures the ratios %-and 97%

with the chromosome number of the plant. Both ratios for S. dolichos-

show the strongest correlation

tachya types showed higher values than those for S, europaea and S.
ramosisstima types. However, an overlap between the diploid and tetra-

. . . . . D .
ploid form can be observed, in particular, in ratio <. The ratios.

B'
%’ %’ %’ %E%:F and %%E also showed a positive correlation with the
C+D

ploidy levels of the plant, but not as strongly as the ratios;ii— and

%u Figures also show that the diploid ratios, in general, have more

variation than those of the.tetraploid ratios.

. . G, G, D-F, . E
On the other hand with the ratios ¥ . D Ry and E:F.almost

no positive relationship was observed with the ploidy level, though

in the ratio %:F- most of the tetraploid ratios showed higher values

than those of the diploid form but there was considerable overlapping,

(Figure 3.17,

It will be seen from figure 3.19 that the two ratios %%2 and

D . . . ' .
F are strongly correlated with the anther size, as in both diagrams

the tetraploid ratios and the diploid ratios are well separated into

+ ,
two groups. Nevertheless,the former ratio--g]—s-2 keeps the members of
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10.

11.

Fertile segment ratios calculated in the present study.

WO

The minimum width of the segment/maximum width of the segment:

D
B
Observed length of the lateral flower/Observed length of the
central flower: G

F
Total length of the central flower/Length of the segment:-%

Observed length of the lateral flower/Length of the segment:

Length of the segment/maximum width of the segment:

g oo

Observed length of the central flower/Length of the segment:

Distance between the apex of the central flower and the segment
top/total length of the central flower + distance between the
apex of the central flower and the segment top: ~ D-F

E+D-F

Covered part of the central flower/total length of the central
flower + distance between the apex of the central flower and

the segment top: ( E-F )
E+D-F

Minimum width of the segment + length of the segment/ 2 x max-
imum width of the segment: (C+D)
2B

Maximum width of the 2nd segment from the base + maximum width
of the 4th segment from the base/ 2 X minimum width of the 3rd
segment from the base: A+B -

—2C

Total length of the central flower/total length of the céntral .
flower - distance between the apex of the central flower and
the segment top: E

E-F



4th

segmentA

3rd
segment

2nd
segment

Figure 3,14

98,

Fertile segment components which are measured in the

present investigation.
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each group (tetraploid/diploid) closer to each other, or in other

words it is more strongly correlated with the anther 1enéih.

3.4 General conclusion:-

The present comparative study reveals that the'different'sal—

icormia types showed a significant variation in most of their vege—
_tative characters, and thus most of the cultivated types remain
distinct from each other. This was particulariy S0 in.thosebwhich
belonged to S. eurqpaea, in spite of the highly uniform growth con-
ditions. The results also illustrate that the similarity index
between the cultivated types of Salicornia was significantly higher
between the progeny of one population., In addition.members of S.
db}ichostachya are more similar than those of S. ewrcpaea in terms

of the measured vegetative characters. ~Such phenomena can be inter-
preted, in part, in that such morphologicél variation could have
existed between the parent plant populations due to genetic differ-
entiation. Such genetic differentiatién could have been céused by
environmental factors which vary over the salt marsh habitat, acting
differentially on specific genotypes. However, it has been proved that
variation over the salt marsh could result in differentiation within
salt marsh species (Gregor 1930, 1946; Chapman 1960; Aston and Bradshaw
1966; Sharrosk 1967;‘Hannon and Bradshaw 1968; Waisel 1972, Gray 1974).
This, in part, may explain why members of S. dolichostachya showed
more simiiarity in théirnmrphological characters than members of S.
europaea. It is known that S. doliehostachya usually occupies the

lower marsh where conditions are considered to be less variable than
those of the upper marsh, where $. europaea can usually be found.
Howéver, results of this kind underline the importance of seeking the

limiting environmental factor or factors for the growth of Salicornia
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in the field, and then the nature and the range of this variation on
the general morphology of the plant. There is no need to point out here
the importance of such an investigation in a genus in which the main

boundaries between its taxa could depend on statistical analyses.

Concerning the inveétigation of the vegetative morphological
characters with the ploidy level of the cultivated types, none of
these characters showed a positive correlation with the chromosome
number. On the other hand, in the microscopical investigation, (anther
size, poilen grain dimension and the stomata length), the anther
1ength'showed'the strongest correlation with the chromosome number,
whilst the polien size, though positively correlated, did not give
as clear a sepafation as the anther length did, In this study the
stomatal length didbnot show any correlation with the chromosome
number. While from the calculated fertile segment ratios, only
the ratios E;and'ggg showed strong correlations with the chromosome
number. However, these two ratios were also used by Ball and Tutin(1959)

and Dalby(1962) respectively, to distiguish the ploidy levels(diploid v.

tetraploid). ~
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CHAPTER IV ' .

CHROMATOGRAPHIC STUDY OF THE PHENOLICS OF SALICORNIA SPP,:-

Phenotypic characters are usually used in establishing the bio-
logical status of taxa at the specific and infraspecific level. How-
ever, biochemical studies can often be used as a supplement to the
morphological characters in resolving difficult systematic problems, -
as.shown by McClure and Alston (1963) on the Lemmnaceae and Alston and
Turner (1963) on Baptisia. Particularly valuable are the phenolid
substances, accumulated as secondary metabolites of essential biological
processes such as the biosynthesis of phenylalanine and tyrosine
(Grisebach 1961). No physiological function is readily attributed
to most pﬁenolics (Alstoq and Turnér.1963). This may indicate that
they are-subjected to little selectiQe pressure and for this reason
are less affected by environmental conditions than are active. Sub-
stances such as sugars or émino acids (Erdtman 1958). Brehm and Alston
(1964) in their studiés on Baptisia sound pﬁenolic compounds to be
more reliable indicators of species relationships than‘alkalqids or
amino acids. Moreover, they are so chemically stable that they can

be detected in herbarium tissues easily and rapidly (Harborne 1973a).

The objective of the current analysis was to determine the extent
to which the phenolic patterns shown by the annual types of Sqlicornia
could be used as a supplement to the morphological characters already
established in Salicornia. Such an analysis might throw some light on
the breeding relations in the genus, as repeatedly inbred progeny might

be expécted to be genetically and, hence, chemically uniform.

4,1 Plant source:-—
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‘Plants, used in the_phenolic analysis were selected from those
cultured in the greenhouse under standard growth conditidns. The
plants were chosen to represent a rapge‘of types of Salicornia, as
well as a selection of differént localities (Table4.1). 1In addition,
some of the parental plants of these plants (grown in the greemhouse)

were also included in the study.

4,2 Preparation of the plants for analysis:-

The plants for analysis were harvested at their flowering stage
(August - September, 1974). In order to avoid enzymatic activity, during

the extraction process, it was preferable to work on over—dried material .

-

(RiEérea-Gaygh‘1972). After separating the woody parts from the green parts.

the plant material from each individual plant was bulked on the day of
collection, and oven dried under standard conditions of 55° - 60°C, in
a well ventilated oven for 48 hours. The dried material was then thor-
oughly ground in a morfar and transferred to small paper bags and stored

within nylon bags in the deep freeze (Zero °C).

-4.3 Experimental procedures:-
In the following analysis, the following solvents were used:-

1. Forstel solvent; acetic acid — hydrochloric acid -
water, 30:3:10 V/V (Bate-Smith 1954).

2. BAW;E; Butanol, acetic acid-water, 6:1:2V/V , one phase,

(Nordstrom and Swain 1953).
. 3. PhoH; phenol saturated with water,

4. 57 acetic acid in water.

5, Hib - distilled water.

6. 107 acetic acid in chloroform.

7. 457 ethylacetate in benzene.

8. Benzeme- acetic acid - water; 6:7:3 V/V,
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Table 4,1 Shows plant groups and origin of material used in

the chromatographic analysis.

“

Plant reference and species

Tank Site of origin and material, -and
identification using T.G. number| grid reference. )
Tutin et al, Flora Europaea,

Vol. 1, 1964.
I - Salicorntia europaea
(parent plants collected
from one population)
Salicornia 3 1B Salt marsh around Ovary-Norfolk:
" 2A " 865451.
1" 7B 11
1 11A 1
" 15B "

11 - Salieornia europaea
(parent plant collected
from different localitieg

Salicornia europaed

Salicornia europaeq
(ramosissima type)
Salicornia europaea
" 1
Salicornia europaed

(ramosissima type)

111 - Salicornia procumbens
(parent plants collected
from one population)

Salicormia
dolichos tachya

2B
3B
4B
5A
6B
8A
8B
9A
9B

10A
13A
14B

168

3A
4A
7A

124

Near yacht haven-Hayling Island:SU7201
Titchwell salt marsh-Norfolk 755442

Northney, Hayling Island-728041
Warham Saltmarsh-Norfolk-944443
Titchwell Saltmarsh-Norfolk-755442

Near yacht haven-Hayling Island-SU7201

Pembroke - 923032
Titchwell Saltmarsh-Norfolk-755442

Pembroke - 923032

Pembroke - 923032
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Plaﬂt reference and species Tank Site of origin and material, and
identification using T.G. number | grid reference.
Tutin et al, Flora Europaea,
Vol. 1, 1964.
Salicornia
dolichostachya 15A Pembroke - 923032
1V ~ Salicornia procumbens
(parent plants collected
from different sites)
Salicornia procumbens 10B Warham Saltmarsh, Norfolk-943447
" " 11B Northney, Hayling Island - 728042
" " 12B Warham Saltmarsh—-Norfolk-934448
" " 14A Salt marsh around Overy-Norfolk
-865456
Salicornia nitens 17 Near yacht haven-Hayling Island
-SU 7201
v Salteornia pusilla 1A Pembroke - 923032
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9, 157 acetic acid in water.

4.3.1 One-dimensional ihromatographic techniques:-

| The metlods of Bate Smith (1962) and Harborne (1973b)were adopted
in this analysis. About 7ml of 2N Hydrochlorié acid was added to 0.3 gm
of the powdered dried material in a test tube and the mixture heated

for 30 minutes in a water bath (100°C). The cooled extract was then
cleared from the plant material by centrifugatioh,‘and its colour was
observed. The clear exéract was fransferred to a small narrow test-
tube (capacity 3ml), and extracted twice with equal quantities of eth-
ylacetate, shaking the test tube vigorously each time and allowing a
separate layer to form. The two combined portions of the ethylacetate
were then washed and brought to dryness under a wind current of cold air,
from a hair drier. The residué was then dissolved in 1-2 droplets of
ethanol (957), and chromatographed one-dimensionally on Whatman No. 1

chromatographic paper (46 x 28.0 cm),.

The chromatograms were developed by the descending method in Forstal,

BAW, PhoH and H,0. The aliquot was applied in the form of spots using

2

a Haypilton gyringe, and after each application a current of cold air

from a hair drier was used for drying. A distance of 5 cms. was kept

‘between each spot. In all instances the chromatograms were developed

in the dark room at a constant temperature of 25 i_OC. In the case of

the BAW solvent the papers were equilibrated for 12 hours.

Since the acid hydrolysate solution remain coloured (yellowish

brown — deep brown) after the extraction with the ethyl acetate, the

aqueous extract was further heated for about one and a half hours in a water

bath (IOOOC) to remove any traces of ethylacetate and re-extracted

with a small volume of iso—amylalcohol. This was shaken vigorously and a
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separate layer allowed to form. The alcohol layer was then removed
with a Hamilton syringe and applied to tﬁe chromatographic¢ paper.
The chfomatograms were developed one-dimensionally in Forstal and
BAW solvents. This further extraction was undertaken so as to re-

cover any other compounds which were not soluble in ethyl acetate

(e.g. C - glycosides or Glycosylflavones).

4,3.2 Two - dimensional chromatographic techniques:-

1 :~ Chromatography of the phenolic glycosides.

2 :~ Chromatography of the simple phenols and phenolic acids.

4.372.1.Chromatography of the phéﬁdlié-giycbsides:—

0.5 gm of the powdered,'dried, green parts were pre—extracted in
the cold with petroleum ether (boiling range 40° - 60°C), to remove
the non-flavonoid substances; in particular chlorophyll; (Mabry, et al.
1970). Then the ground plant material was dried under a current of
cold air to'remove the traces of petroleum ether completely. The
dry powdered material was extracted with hot methanol (80%Z) two or
three times. The combined aqueous extract with the plant material
was allowed to stand in the dark over night at room temperature (about 25°C).
The next day, the aqueous extracts were shaken vigorously, several times,
and then centrifuged at a speed of 5-6 X1000 R.P,M., for about 20 minutes
(as the ground material of Salicornia showed a high ability to float
on the surface of the aqueous extract). The machine used for this pur-

. pose was MSE Superminor.

The volume of the clear aqueous extract was reduced under vacuum
to one ml. at 25° - 30°C; by means of Bochi rotatory evaporator. Portions
of the concentrated extract were then spotted on the corner of a square

sheet of chromatographic paper (45 x 45 cm.)., The chromatograms were
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developed two-dimensionally in BAW as the first solvent and 57 HOAC

aé the second solvent, A portion of the concentrated extract was also
spotted on thin layer platés of cellulose Mﬁ 300 (20 x 20 cm.) supplied
by polygram, Macherey — Negel + Co. Germany), and run two - dimensionally

in BAW and 57 HOAC.

4,3.2.2. Chromatography of simple phenols and phendlic acids:-

The method of Harborne (1973%)was used for extraction., Portions
of the previous éoncentrated aqueous extract were subjected to acid
hydrolysis by adding equal volumes of 2N hydrochloric acid and heating
for 30 minutes in a water Bath (100°C); The cooled acid hydrolysate
was transferred to a small narrow test tube (capacity 3 ml.), and ex—
tracted twice with equal portions of ether. The combined portions of
ether were washed and brought to dryness under a current of cool air.
The residue was redissolved in 2 or 3 drops of ethanol. Half of the
ethanol extract was spotted on one corner of Silica gel plates (20 x 20
cm.), and was run two — dimensionally in the solvents; 10% acetic acid
in chloroform as the first solvent and 45Z ethylacetate in Benzene
as the second solvent to detect simple phenols. The otﬁer half of the
ethanol extract was spotted on one corner of cellulose plates MN300
(20 x 20 cm.) to detect phenolic acids. The plates were run two -
dimensionally in the solvent Benzene-acetic acid - water 6:7:3 V/V

in the first direction, and in 15% HOAC as the second solvent,

4,4 Results

4,4.1 One - dimensional chromatography of the direct acid hydrolysatses:-

The results of the chromatographic analysis of the direct acid
hydrolysates, developed in the solvent; Forstal, BAW, PhoH, and HZO of .
the studied individuals of Salicornia, are presented in Table 4.2, in

the form of presence/absence data (+/-). The Ry values and the appear-
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Patterns of one — dimensional chromatograms from different
types of Salicornia in Forstal and in BAW (Butanal-acetic

acid - water).
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Table 4.3 Shows the Ry values and the appearence of the spots on one-dimensional chromatograms of

“the direct acidhydrolysates,

Solvents Forstal - BAW PhoH Hop
Spot U.v. u.v. U.v. _ u.v. |
number RF U.V. + Visiblel RF U.V. + Visible| RF u.v, + Visiblel RF U.v. + Visiblej:
_ NH3  |light NH3 llight NH3  |light NH3  [light
11 . fluore-|. 0.36!b1 fluore-
eliow— t not 0.58 | blue y not . ue not
1 0.70 {blue Y no Pt . scent . . scent .. :
" ish  |visible 0.70 plue blue | :cible blue visiblg Jlue visible|'
fluore— yellow- yellow- "
2 0.81 |{blue scent | " 0.78 blue ish " 0.83 | blue blue " 0.46!blue fsh
blue green . green
reddish| reddish fluore- yellow- N -
3 0.87 | brown |{brown |brown [0.83 |blue |[scent " D.88 |blue [sh 0.68|blue blue
’ blue green
. . . . pale
reddish [reddish ‘ reddish| reddish "
4 - - - - 0.90 |brown | brown |brown [0.93 | brown { brown | brown 0.82 |blue yellow
Rutin D. 39 0.73 0.46 0.38
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ance of the detected spots under U.V. light alone, and in the presence
of ammonia fumes are shown in Table 4.3, For each plant“at least three
runs were made in each of the above solvents. An authentic compound,
rutin, was chromatographed under the same conditions as the hydrolysates,
for purposes - of comparison. The patterns of the one — dimensional
chromatograms of the studied individuals of Salicornia in the four

solvents are shown in Figures 4.1-4.2 |

The acid hydrolysate chromatograms of the studied Salicornia

- specimens show quite similar patterns in the solvents, Forstal and BAW,
They showed a range of 2 - 4 spots, and occasionally 5 spots. Most of
thgse spots had a high RF value (0.70 - 0.83) and they were crowded

at the front line of the solvent. In phenol all the individuals show

a range of 2 - 3 spots, spot nuﬁber 1 (RF' 0.58) and number 2 (RF 0.83)
were seen in all the individuals analysed, but spot number 3 (RF 0.88)
was seen clearly in only a few individuals, it seems usually to overlap
with spot 2, as both were crowded at the front line of the solvent., In
HiQ, thé acid hydrolysates showed a good separation (FigurehLZ.). Four
Spéts were also seen in most of the groups of Sdlicornia, but in a few
individuals only 3 spots were seen. Variation in the number of detected
spots seems to be irregular, as it varies from one individual to another
without any correlation with:the Salicornia type involved (Figure 4.2).
In addition, spot numbers, expected to be similar, showed a little
variation in their'RF values, This variation was probably due to a
technical reason, as water moves relatively fast in the descending

technique and the expected little variation in the temperature may reSult

in such variations.,

In general, from the results of the one - dimensional chromatograms,

the detected spots in the four solvents are common to all the individuals
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of Salicornia spp. studied.

The chromatograms of the amyl alcohdl extract of the reméining
direct acid-hydrolysate were developed in the solvents, Forstal and
BAW, for the detection of C - glycosides or Glycosylflavone. The
results of these chromatograms in BAW showed only brownispots in the
visible light, with a dark absorbing appearance in U.V. light and no
change in their appearance being observed in the presence of ammonia
vapour. These‘spots have very low RF values. (RF 0.06 - 0.09)., In
Forstél solvent they did not devélop as well as in BAW solvent. This
result maf suggest that the remaining brown colour of the direct acid
hydrolysate, after the extraction by ethylacetate, is mainly due to
the presence of bé;acyanin pigment (Harborme 1973b). It.may»also suggest
that either the annﬁal forms of Salicornia do not contain C - glycosides
or Glycosylflavones, or the time used for their further hydrolysis

(1} hours) was not sufficient for their hydrolysis if they were present.

4.,4.2., Two - dimensional chromatography for the phenolic glycosides:~

The direct extracts obtained did not give a satisfactory separation
for the phenolic glycosides on cellulose MN300 plates, whilst a very
good separation was achieved on paper. Hence, the following discussion

is based on the chromatographic patterns developed on paper.

The results obtained from the two — dimensional chromatdgraphy for
© the phenolic glycosides in the solvents, BAW and 5% HOAC on paper are
pfesented in the form of presence/absence data (Table4.4). The Rp
values and the appearance of the detected spots in U.,V, light alone,

and in the presence>of ammonia vapour are shown in Table 4.5, Triplicate
runs and independent marking haé been used as precautionary measures to

minimise artefacts and spurious variations., Then on the basis of colour



Table 4,4.  Showing the presence of the phicnolic giycoside spots {solatéd in two-dimenalonal

paper chromategraphy for the analysed individuals of Salicormia Spp.

Spots colour in U.V..

+ NH3/spots . . ©

number o )

Plant <
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. lant groups
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* .
Key to the abbreviation of the spots appearance on_ the two—dimensional

chromatograms for the phenolic glycosides:~

Bl.: Blue

B1/YG: Mostly blue, sometimes yellowish green
Br.: Brown

D.0.Y.: Dark orange yellow

F.YG.: Fluorescent yellowish-green

0.Y.: Orange yellow

R.Br.: Reddish brown

Y.: Yellow

YGo :Yellowish green

YG/Bl: Mostly yellowish green,sometimes blue
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Table 4.5 Shows the Ry values of the spots detected on two-
dimensional chromatograms for the phenolic glycosides
for the analysed individuals of Salicornia spp. (Spot
number as given in the master chromatograms). '

Spot |(|Ry Values|Rp Values _ Spot appearance®
number in in in ir; in
BAW 152 HOAC | ; v su3 U.V. Visible 1light
1 0.54 0.20 0.Y Br. not visible
2 0.67 0.15. F.YG Bl. "
3 0.49 0,25 0.Y. Br. "
4 0.36 0.37 0.Y. Br. "
5 0.22 0.49 Bl. Bl. "
6 0.17 0.59 0.Y. Br. "
7 0.59 0.62 F.YG Bl. "
8 0.61 0,76 F.XG Bl1. "
9 0.79 0.33 Bl. Bl. "
10 0.78 0.52 Bl. B1. "
11 0.39 0.57 Bl1. Bl. "
12 0.39 0.67 Bl. Bl. "
13 0.54 0.59 F.YG Bl. "
14 0.54 0.79 YG/B1 Bl. "
15 . 0.81 0.65 Bl. Bl. "
16 0.86 0.30 B1. Bl. "
17 0.64 . 0.28 F.YG. Bl. "
18 0.66 0.39 F.YG. Bl. "
19 0.62 0.50 . YG Bl. "
20 0.24 0.61 0.Y. Br. "
21 0.15 0.75 0.Y. Br. "
22 0.80 0.73 Bl. Bl. "
23 0.67 0,05 F.YG Bl. "
24 0.90 0.00 R.Br. R.Br. Br.
25 0.44 0.66 F.YG. Bl, !
26 0.14 0.84 Y "
27 0.42 0,81 B1/YG Bl. "
28 0.32 0.83 Bl. Bl.- "
29 0.29 0.51 D.O0.Y. Br. "
Rutin 0.24 0.41
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and position, spots assumed to be identical in two or more of the.
selected types were assigned the same number, However, no attempt was
made ﬁo identify the comppunds,.as this was considered to be beyond

the scope of the present investigation. A standard marker,however,
rutin (supplied by Koch - light laboratory, England) was chromatographed

under the same conditions of the glycosides, for purposes of comparison.

Little,.if any, variation was observed in the chromatographic
patterns of individual plants from.thé same parent. A total of 29 spots
were observed from the studied groups of Salicornia and & master chrom-
aﬁograntgﬁgégldrawn to show the position and the common shape of the
detected spots (Figure 4.3). In addition, different chromatograms
were drgwn to show the dominant chromatographic patterns shown by

the different groups of Salicornia (Figure 4,4}

Based on the chromatographic analysis, the analysed individuals
showed 4 considerable range of variation considering the number of
spots which were defined per individual. In some chromatograms only
6 spots were detected (e.g. in S. ramosissima), while in others 20
spots were detected (e.g. S. procumbens) (Table 4;4).

From the chromatographic results presented here, spot number 1
(orange~yellow in ultraviolet with ammonia), spot numbers 7, 8
(fluorescent yellowish-green with ammonia) and spot numbers 9 and 10
(blue with ammonia) are common virtually to all the individuals of
Salicornia studied, whilst spot number 24 (reddish-brown in the visible

light) is probably the remaining chlorophyll in the extréct.

On the other hand, spot numbers 3, 4, 6, 20, 21 and probably

29 (orange-yellow in ultraviolet with ammonia) and spot number 26
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(yellow in ultraviolet with ammonia), seem to correspond with some
groups of the studied Salicornia. For example, most, if fot all of
the chromatograms.of the S. procumbens 1individuals contain most of these
spots, and in particular spot numbers 3 and 4 (Table4.4 ). Individuals
belonging to the S. pusilla and S. ramosissima groups do not contain
any of these orange—yellow spots, apart from the common orange-yellow
one (spot number 1). Individuals of the S. europaea group exhibit

a considerable range of variation in the number of the orange—yeliow
spots which their chromatograms have Qhown. The majority of the S.
europaea group studied (groups belong to tank numbers 1B, 2A, 6B, 7B,
8A, 9A, andA16B) contains only the common spot of orange yellow (spot
number 1), and do not show any of the extra oraﬁge—yellow spots (Tafle
4,4 ), Other members of Salicormnia europaea (tank numbers 2B, 4B,

13A, 13B, and 15A) show sporadic number of thevorange—yeIIOW‘spots,

ranging from 2 - 3 spots, in addition to the common one (spot number 1)

(Table 4.4).

The other spot numbers, i.e. 5, 11, 12, 15, 16, 22, and 28 (blue
"in ultraviolet with ammonia), and the spot numbers 13, 14, 17, 23, 25,
26 (fluorescent yellowish-green in ultraviolet with ammonia) show un-
related Vafiation in their appearance, though spot numbers 12 (blue
in U.V. with ammonia), 13, 14‘(f1uoreséent yellowish~green in U.V. with
ammonia) and 15 (blue in U.V, with ammonia) are frequently detected.
However, apart from thé chromatographic pattern of S. pusilla,’it is
noticeable that the total number of the fluorescent yellowish—greén
and the blue spots ére usually more frequent if the chromatogram contains

an additional orange-yellow spot, to the common one (spot number 1),

One species that stands out in these studies is 5. pusilla. It
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ﬁas a relatively distinct chromatographic pattern in having only one
orénge yellow spot (spot number 1), whilst in addition, it consist-
ently shows the presence of lérge spots of fluorescent yellowish-green,
in particular spot nuﬁbers 23, 2, 17, 18 and 19, and the absence of
spot numbers 16, 9, 15 and 22 (blue in U.V. with ammonia). This pattern
is not common amongst the other ahalysed individuals, and these char-
acteristics made the chromatogram pattern of S. puéilla quite dis-
tinguishable from the other chromatograms (Figure 4.4)., It is in-
teresting that S. pusi?la is the only species which is also morpholog
ically distinct from the other annual forms of Salicornta. Though in
this study no attempt was made to identify the spots, it seems the

spot number 23 (RF 0.05 in 57 ﬁOAC,fluorescent yellowish-green in U.V.
with amménia) is an uncommon derivative of ferulic aéid (T. Swain,

personal communication).

Salicornia:-

- Selected individuals belonging to the Salicornia pusilla, S.
europaea and S, procumbéns groups were analysed for their phenolic
acids and simple phenols. The rgsults of the two — dimensional chrom
atograms for phenolic acids on cellulose MN300 flates and simple phenols
on silica gel plates are preéented in the form of presence/absenée
data (Tables 4.6 & 4.7),with a master chromatogram for each of the

analyses to show the chromatographic pattern (Figures 4.5 & 4.6. ).

A total of 13 well separated spots of phenolic acids were detected
from the studied individuals (Figure 4.5). All the detected spots showed
different shades of blue when viewed under U.,V. light in the presence
of ammonia vapour., The R, values of these spots in both solvents are

shown in Table 4.8, In general, the analysed individuals did not show
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Table 4.6 Shows the presence/absence for the Hydroxy-cinnamic acids
~and Hydroxycoumarins for the analysed individuals of

A

Salicorniag on cellulose MN300 plates.

Spots numberA

Plant referenceé™——

and plant groups 1] 213} 4 51 6| 7| 8| 9}10 (1112 {13
_iArSaZicornia pusillal| + | + [ + R B EO O e O T S
1B-5 . europeae S T S I T T I R N B R R
2B-S . europeae 4+ - + + + + + + + + - +
8A-5. europaea + | + |+ +] +] + |+ + |+ +] +] =] -
9B-5. europaea + - + + + + + + + + + - +
16B-S . europaea ' + + |+ ]+ = -14+]- - =} = =1 -
8B~5. europaea + | -+ 4] + |+ F |+ ]+ |+ T
3A-S . procumbens R R B I B B T T A B R
11B-S . procumbens + | + |+ | +] +] +#]1 +] + 1 ]| + ; + 1 +
12A~-S. procumbens N IO (R D R A + | + |+ - +
15A~-S. procumbens -l -1+ | + . S+ o+ + + 1 | +

Table 4.7 Shdws the presence/absence for the simple phenols for

the analysed individuals of Salicornia on silica gel plates.

Spots number

Plant referen

and plant groups 11 2 314 5 6 7 8 9 |10 J11 |12 |13

l1A-Salicornia pusillafl + | = |+ [+ | + | + [ = | + |+ | + | + | + | =

1B-5. europaea B LI I S B A A PO I B R

2B-5. europaea + |+ |+ |+ ]+ ]+ =1+ |+ +]|+]| + ]|+

8A-S, europaea + 0+ |+ |+ |+ ]| +]- + + 4+ | +] + 1] -

9B-S. europaea + |+ |+ |+ [+ + |-+ +|+|+]-1-=
1L6B-S. europaea + |+ + ]+ ]+ + =1+ [ +]+ ]| +] + ]+

8B-S. eurcpaea + + |+ {+ |+ |+ [+ |+ ]+ + | +] + |+

3A-S. procumbens s+ e e ]+l f=-|s]l ]+ +]-
11B-S. procumbens + |+ |+ +j+ ]+ L+ {+ ]+ +]|+]+14+
12A-S. procumbens + |+ [+ |+ ]+ |+ ]+ |+ +]+]+]+]-
15A-S. procumbens B | I T I A T I N N T I T (O N
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Table 4+ 8 Shows the R% values for the detected spots of the
Hydroxycinnamic acids and Hydroxycoumarins on cellulose

MN300 plates.

Solvents . 1 : 2
benzene—acetic acid 157 HOAC

Spots -water (6:7:3)

numberx e
1 0.27 0.13
2 0.59 0.10
3 0.07 0.37
4 0.34 0.47
5 0.03 | 0.48
6 0.22 0.59
7 0.15 0.65
8 0.06 0.69
9 0.80 0.56
10 0.84 0.34
11 0.78 0.16
12 0.38 © 0,66
13 0.05 0.59

Table 4,9 Shows the Ry Qalues for the detected spots of simple

phenols on silica gel plates.

Solvents 1 .2
10% acetic acid in | 457 ethyl acetate
Spots chloroform in benzene

number ‘
1 0.03 | 0.10
2 0.16 0.19
3 0.67 0.62
4 0.73 0.72
5 0.74 0.79
6 0.50 ' 0.65
7 0.58 0.77
8 0.29 0.57
9 . 0.35 | 0.63
10 0.33 0.70
11 0.57 0.36
12 0. 42 0.15
13 0.26 0.33
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much variation in the number of observed spots. The analysis showed
spots numbers 1, 3, 4, 5 and 7 to be very common in the plant groups
studied, whilst spot numbers 2, 6, 8, 9, 10, 11, 12 and 13 showed

some considerable variation considering their presence (Table 4.6),

Also a totai.of 13 spots of simple phenols were observed on
silica gel plates from the individuals studied (Figure 4.7). Tﬁe
RF values of these spots in the two solvents can be seen in Table 4.9 .
The individuals analysed showed considerable variation in the number
of the spots they possessed. The majority 6f tﬁe spots (number 1,
3, 4, 5,-8, 9, 10 and 11) are common to the chromatograms of the
individuals analysed. Spot number 1, 6, 7; 12 and 13 show some var-
iation in their presence. After the silica gel plates were sprayed
with Folin Ciocalteu reagent, the spots 1 and 2 (blue in tﬁe visible
1igﬁt) showed a quantitative variatién among the groups of Salfcornia
studied. Most of Salicornia procumbens individuals produce more
intense and 1argér spots (in particular spot number 2) than those of
the S. europaea group while in Salicornia pusilla all the analysed
individuals show that spot number 2 is completely missing and spot
number.l has been reduced very considerably in size (Photograpﬁs 4,1-4.,4)
Spot numbers 8, 9 and 10 also show quantitative variations between
the analysed groups, but their variation did not show a clear relation

to the analysed types.

4.5 The effect of nitrogen deficiency and phosphbrus‘deficiency on

the chromatographic pattern of the phenolic glycosides:-

An attempt was made to determine whether the chromatograpﬁic pattern
of Salicornia spp. could be affected by nutrient deficiency. Table 4.10.
shows the chromatographic pattern of the phenolic glycosides (spot numbers

are the same as on the master chromatogram, Figure 4.,3) of individuals



Photograph 4,1

Bhotograph 4,2
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Shows the chromatographic pattern of simple phenols

for plant belonging to Salicornia pusilla, on silica

gel plate.

o

Shows the chromatographic pattern of simple phenols

for plant belonging to S. europaea group, on silica

gel plate,
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Photograph 4.3 : Shows the chromatographic pattern of simple phenols

for plant belonging to S. ewropaea group, on silice

gel plate.

Photograph 4.4 : Shows the chromatographic pattern of simple phenols

for plant belonging to S, procumbens group, on silica

gel plate,
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Table 4.10 Shows the chromatographic pattern (Phenolic glycos‘ides) of Salicornia nitens under

the different levels of nitrogen and phosphorus treatments.

. YG

B

* . . ~
Spots colour . . . e . 5
L4 A'l U. » . . 0 @ N OU [ .FQ'
= T B e VIRY Y RN el -1 ST BT e Y Y I B S s TR
U.V. + NH3 & of o & o N & F S &S]S [ A MRS o B G
. £

> &,
3 4/5?6 Vi 8/9/10 11/12 / 13 14/.15 16/,17/1/19 20/ 21 22>2 24 ] 25/ 26 | 27

Sl/ve

levels = - ~.J1] 2 4
tion. _
q .

5 g S5psp.m. + +| #| + | =+ +] +| 4| #] = =1 +| # = = =] = =] =] = ] [ =]= |- +
§°§ 15p.p.m. + + +| + - + + + + +| - - + +| - - - - -| + - - + +] |- - +
3 . ,
:2‘?‘: 45p.p.m, + + +H o+ |- + + + + +| - - + +| - - - - -1 + - - +|. +] +| - - +

135p.pem,s [+ | #| #| +| = | +| | +| #| #| = ~| #| 4 = | = = | =f | =] =] ]| +]|=- |- I

2p.p.m. + + +| + - + + + + +| - -1+ | - - - + +| + - - + +| +| - - +

gé 4p.p.m, + + +| + |- + + + + +i - - + +| - - - - - + i - - + +| = |- - +
2 §~ 8p.p.m. + + # + .=+ | +| ] | = = #]| #| =] =] = =] =]+ =] = +] +| + - |-
Q.
§§ 16pfp.m. + J + | + | =] + + + +| | - + + # = =] -] = - + | = - | + +| + |- | -
[o 1Y

* See page 121,
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belonging to Salicornta nitens (all the individuals are the ﬁrogeny
of one parent plant) which weré grown under different growth conditions

of nitrogen and phosphorus (growth experiment 1976, Chapter VI).

From the chromatographic behaviour of the individuals studied,
most of the detected spots are consistently present, apart from spot
nuﬁberg'lz, 18, 19 and 25 which show some variation in their presence
(Table 4.10). It seems that the variation of these spots is not related

to the deficiency levels, and probably it is spurious in nature.

4.6, Chromosome number and the chromatographic pattern of the phenolic
glycosides:—
It has been pointed out earlier that the ﬁollen grain diameter and

the anther length of tetraploids are usually larger than those of diploids,

. . +
and also the fertile segment ratios, Ef%' and-%, show a positive re-

lation with the chromosome number, but that in general this relationship

is not absolute,

In this study an attempt was made to relate the phenolic glycosides
pattefn in 16 plants of known chromosome numbers. The analysed in-
dividuals include plants grown in the greenhouse, as well as, plants.
harvested directly from the field, Permanent slides were prepared from
the root tips of germinated segds-using the technique described in
chapter III. The results of the chromatographic analysis are also
presented in the form of presence/absence data (+/-) (Table 4,.11) and
_the detected spots were given the same numbers as in the master chromatogram

(Figure 4.3 ).

The chromatographic pattern of the phenolic glycosides produced by

the plants collected from the field is almost identical with those of
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Table 4. 11 Shows

forms

the chromatographic pattern (Phenolic glycosides) for the diploid and tetraploid

in Salicornia.

Spots colour
in U.V, + NH3

Spots numbe
Plant reference and
ploidy level

Y.

YG.
X¥G.

Bl.

F.YG.

F.YG.
G

OOY.

0.Y,

Bl.

F.YG,

CHLOR.

F.YG.

B1/YG.

Bl'

D.0.Y.

~

0

10

11

17

181 .19

20

21

22

23

24

25

27

28

29

2A-diploid
7B~diploid
10A-diploid

- Shl-diploid

Sh2-diploid
Sh4-diploid
Sh5-diploid
Shé6-diploid
‘Sh7-diploid

Hay l4-diploid
Hay 15-diploid
Hay 12-tetraploid
Hay 3-tetraploid
7A-tetraploid
Sh3 - tetraploid
10B-tetraploid -

+ +F F o+ o+ o+ o+ o+ o+ + o+ o+ 4

-+

+

+

+ + o+ 4+

+

+

+

+ + o+ 4+

+

+ + + + + + + + o+ o+ o+ o+ o+ o+ o+

-+

+ + 4+ o+ o+ o+ o+

+

+ + o+ 4+

+ 4+ o+ o+

+ + + + + + o+ o+

+

-+

+ + + + o+ o+ o+

+ + + + o+

-+
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+
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-+

+

+
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+

* See pagej21,
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the cultured plants.

Spots numbers 1 (orange-yellow in U.V. with ammonia), 7, 8
(fluorescent yellowish-green in U.V. with ammonia), and 9 and 10

(blue in U.V., with ammonia) are common to both diploids and tetra-

ploids (Table 4.11).

From the presented data, the main difference between the diploids
and the tetraploids is probably spot’nﬁmbers 3 and 4 (oréngé-yellow
in U,V, with amﬁonié), which are found to be missing from the analysed
diploid individuals. In addition, spot numbers 6, 20, 21 and 29
(orange-yellow in U.V. with ammonia) are found to be more frequent

in the tetraploid than diploid individuals,

Based on the chromatographic patterns, in general diploid fqrms
showed more variation considering the number of the observed spots,
than did the tetraploid forms such variation was observed even among
diploids collected from one salt marsh (Table 4,11). The tetraploids
showed relatively more uniformity in their chromatographic pattern,
even between individuals collected from different marshes. These
conclusions probably coincide with the morphological behaviour of the
genus, as usually diploid plants show more morphological variation than

the tetraploid plants.

In general, from the chromatographic pattern of the diploids
and the tetraploids may suggest straight-forward inheritance between
them. Also it may indicate that there is more genetic isolation between

tﬁe diploid populations than between the tetraploid ones,

From the chemical results obtained, the analysed individuals could
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be grouped as follows:— Group a:— individuals in which the chrom
atographic pattern contained 5-6 spots (diploid), Group b:= Individuals
in which. the chromatographic pattern contained 10~15 spots (intermediate
between the diploid and the tetraploid), Group C:— Individuals in which
the chromatographic pattern contained 16-19 (may be more) spots (tetra—
ploids). However, such a classification is not in agreement with the
present classification of the chromosome number in Salicornia, as only
diploids and tetraploids had been found with no triploid (Hamblers

1954, Ball and Tutin 1959, Dalby 1962), The intermediate groups were
found to be all diploid in the present investigation. So one may suggest
there is a gfadation in the number of the obsefved séots in the diploid
forms of Salicornia, which could be a result of genetic isolation,
followed by accumulation of compounds dﬁe to the adaptive nature of

the plant., Hence, it is probable that tetraploidy in Salicornia is

the result of autopolyploidy rather than allopolyploidy.

4,7 Taxonomic considerations of the chromatographic data:-—

The phenolic substances, which were investigated by means of one -
dimensional chromatography, show a high uniformity in the number, size
shape and concentration of the detected spots. This is especially so_
wﬂen one éonsiders tﬁat the analysed material wasvselected to include
different types of Salicornia, similar individuals. from one population,
and individuals of similar bhenotypes but from different localities,
and possibly they include diploid and tetraploid forms. Hence, it seems
one - dimensional chromatography is of limited value as an additional
tool to the bio~systematic studies. Nevertheless, such remarkable

uniformity between the analysed individuals could strongly suggest

that the studied types of Salicornia are ancestors.

On the other hand, a greater resolution was achieved by two -
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dimensional chromatography for the phenolic glycosides, though the
identification of observed compounds was thought to be béyond the
scope of the present investigation.k Alston and Turner (1963) have
pointed out that this by no means eliminates the possibility of
obtaining a great deal of useful systematic information. Since

in this study the results obtained were mainly evaluated by means
of the presence or absence of the compoﬁnds; mere tabular listing
was found difficult to assess, in spite of what had been mentioned
that some of the variation in the chromatographic pattern (presence
or absence of the orange-yellow $pots) was found to be felated to

some extent with Saqlicornia type.

Initially, the data was assessed by means of the similarity
index technique; a method of expressing and visualizing quantitative
relationships of species as proposed by many authors such as Ellison
et al.(1962), and Kaltiskies and Diedo (1970). They utilized the
following formula:-

Spots in common for gpecies A and B % 100
Total spots in A + B

The results of the calculations of the similarity indices for
the 29 groups of Salicornia are presented in the form of a similarity
matrix (Figure 4.7). This technique was adopted to test how far the
general chromatographic pattern can be used as an additional taxonomic

tool in differentiating between Salicornia groups.

From Figure 4.7it can be seen that the similarity matrix started
from 25 percent, since the lowest similarity index obtained was 23
percent. From the Figure it can also be noticed that the majority

of the analysed groups of Saqlicornia share a similarity index of 45-65



TAN KS NUMBER

: &
X e -
2 =
h AREN
|||||||||| % /WF/I/
||||||||||||||||||||||||||||||||||| =
ENNENN
NN SRS
NN
<t <<
——4 L+ |
N=
L NN
— ——
—— .
<
N
N
W.” <
NEEEENS
N |
=t —
=S\ NN N=E===
SR NEENSNE E B E
< —
© s // ThV/ — m
S ¢ —
lllllll ’ . - .
,w .HW ~ — n“W
477 4 NN =Nl ===
._wlll 4] WIIL.//K / N S ES
< A ~
<« 7 3
‘l’..l 4,27 ] —
SY5R 9937853  FES5REaASRIFEERY,

- e e e e o e @ e er e e m e e S M e . e

-

OO*V.—.. . -3

Figure 4.7 Shows the similarity matrix shaded for the 29 types

of Salicornia analysed (Based on their similarity

indices values). * See Table 4.1, page: 10&.



141.

percent. Nevertheless, it can.be observed that Salicornia pusilla

shares the lowest similarity with most of the other groups of Salicornia.
Members belonging to S. procumbens share a relatively higher similarity
levellthan those of Salicornia europaea, particularly betweén the members
which belong to different populétions. However, from the siﬁilarity
matrix presented it is difficult to asséss any satisfactory groupings
between the Salicornia spp. studied. This could be due to the strong
inheritance relationship., A similar‘approach by Harney and Grant (1965),
in a chemotaxonomic study of the genus Lotus, found the similarity

index of more use in differentiating distantly related taxa than closely

related ones.

The chromatographic results of the phenolic glyCOSides for the 29
groups of S&ZicorniaAwere ordinated utilising principal components
analysis which is thought to be more convenient to deal with such
‘closely related taxa. Thé principal components analysis adopted in
‘this study is based on that discussed by Orloci (1966) and Auétein
and Orloci (1966), which is normally applied to ééological problems,
but in the present analysis a plant number (taxa) repléces the quadrats.
Each plant number may be represented by é point'in multidimensional
space, the co-ordinates for fixingrits position being the presence
or absence of the chromatographic spots. The full data will form a
multi-dimensional ‘cloud' in which groups of plants, which are more
or less similar, will form denser clusters, separated by less dense
regions. The priﬁcipal components, analysis picks out successive com-
ponents or axes from the 'cloud', the first being the axis associated
with the maximum variance.v The second axis is orthogonal to (and so
independent of) the first, and is associated with the maximum variance
remaining and so on with successive axes., This process could, in theory,

be continued until the total variance has been accounted for. However,
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in practice, the first few axes will account for most of the variance
akin to an analysis of variance. The results of the two — dimensional
chromatography for the phenolic glycosides were assessed by principal
components analysis (Q- . type) on the CDC 6600 and CDC 6400 computers

- at the University of London Computer Centre (Appendix,Table A 4.1).

The result of the plant group ordination is given in Figure 4.8.
Axis 1 separates the plant groups primérily into two main groups. How—
ever this separation seems a kind of gradual separation in whigh an
overlapping between some groups is expected. It appéars that the plant
numbers 1 — 19, which are distributed between the points zero — 1.6 on
axis 1 belong to Salicbrnﬁa europaca (including S. pusilla) while the
plants numbers 20 — 29 which lie between the points 1.7 = 3.5 (axis 1)
belong to the S. procumbens group, Axis 2 appears to cluéter the plant
groups according to their similarity (i.e, how far the planf groups are
correlated to each other), Generally it can be observed from Figure 4.8,
there is more variation between the S. europaea groups than.between
the S. procumbens groups. Also, it can be suggested that the plants
numbered 1, 19 and 11 are distinctly separated from the other groups
of S. europaea. This is probably as pointed out earlier in this study,
because plant number 1 belongs to Salicornia pusilla which showed a
relatively distinct chromatographic pattern amont the groups of Salicornia
spp. studied. 1In addition, plant numbers 19 (tetraploid) and 11 share
in common some of the orange-yellow spots found in the S. procumbené
group. The S. ramosissima (plant numbers 2 and 3) can produce a relative-

ly distinct chromatographic group among S. europaea members,

Plant groups belonging to Salicorntia procumbens form fewer sub
groups than seen in the S. europaea, as a result of less observed var-

iation in their chromatographic pattern, although there is necessarily
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some subjectivity in the visual grouping of the points., However,

plant number 29 which belongs to S. nitens seems to fall just about
the middle of the S. dolichostachya group. In addition, the chrom-
atographic patterns of the.both groups also show to be very similar

to each other.

From the results of the principal components analysis of the
phenolic glycosides, it seems possible to mark a primary biochemical
separation between the Salicornia ewropaea (including 'S. ramosissimal

and the S. procumbens (including S. nitens).

The results of the two — dimensional chromatography of the pﬁenolic
acids and Simpie phenols can be considered of little taxonomic value
in discriminating between the different groups of Saltcornia. However,
the quan;itative variation in the spot numbers 1 and 2 of the simple
phenol, i.ek maximum concentration of both spots was observed in members
of the S. procumbens, and the complete absence of the spot number 2,
accompanied with high reduction of spot number 1 in S. pusilla, may have

some taxonomic value, -

This primary classification of the genus, based on the phenolic
glycosides, is probably,in agreement with the morphological classification

given by Ball, in Flora Europaea, Volume 1, 1964,



CHAPTER V

PHENOTYPIC VARIABILITY IN SALICORNIA SPP,

It is virtually impossible to give a precise definition of
plasticity or variability because there is so much interaction be-
tween the genotype and the phenotype. But as a general rule the
amount by which the expression of an individual characteristic is
altered by environmental stimuli is a measure of the plasticity

of this characteristic,

Plastic responses in plants are 1., Specific for a particular
plant characteristic; 2. Specific in relation to a particular en-
vironmental influence; 3. Under genetic control, and therefore cap-
able of being altered by selection, which means that the plastic
response may vary from individual to individual within a species

(Bradshaw. 1965).

-

Plant growth is restricted to certain parts of the plant's body.
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These are the permanently meristematic regions, regions of indetermin—

ate growth, resulting in the continuous formation and development of

organs, with large surface areas provided for nutrition. The stationary

habit also makes individual plants more susceptible to environmental

fluctuations as they cannot escape from nutrient variation, except by

the dispersal of seeds. They may also grow into different areas in

space or be forced into such areas by competition.

Since characters form the basis for the description and classific-

ation of organisms, the factors which affect the plasticity of the

phenotype are clearly of great concern to the taxonomist. Thus using
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plastic phenotypic characters for taxonomic delimitation has given

rise to a multitude of 'paper' species and varieties without any
taxonomic value (Van Steeqis 1973). It is thus essential to find

out if variation is due to genetically inherited causes or to en-
vironmental factors. The fact that similarity in phenotype may be

due either to environmental modification or to genotypic differentia-
tion makes superfiéiél similarities‘uncertain guides of genetic re-
lationship.- They are usually disregarded by evolutionists due to their

possibly non-genetic nature (Davis and Heywood 1973).

5.1 Scope and purpose of the experiments:—

As butlined earlier in this thesis; the phenotypic plasticity in
Salicornia has an important role in the taxonomic difficulties exper-
ienced in the gehus. Thqs one of the primary objectives of the present
investigation is to search for tﬁe basic environmental factors which
cause this variation in the morphology. Subsequently one can study
the extent and the form of this variation in terms of the morphological
behaviour of the plant under_these factors, in a hope to find reliable
morphological characters which might help in clearing up some of the.

confusion present in the classification.

.In general, most of the studies on salt marsh environments have
shown that most of the inorganic nutrients are present at concentrations
greatly in excess of the plants needé, but some, such as nitrogen and
phosphorus, occur at such a level as to be utilized almost to the point

of exhaustion.

5.2 The effect of nitrogen deficiency and phosphorus deficiency on

the morphology of Salicornia.
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5.2.1. Experimental procedures:-

“~

In the present expériment seeds of one plant of Salicormia .
ramosissiﬁa type were grown in tﬁree experimental solutions; a
complete nutrient solution, a nitrogen-deficient solution (-N),
and a phosphorus—deficient solution (~P). The parent plant had
been cultured, the previous yéar, in the greenhouse, and enforced
self pollination will have reduced the genotypic variability of

the progeny.

For each treatment three culture tanks were'used. Each tank
was partitioned into two equal pérts, so each treatment had six
replicates. Seeds were sown in the culture tanks in the first
week of May, 1975. Usually germination commenced within one
week of sowing. Aft;r the formation of the first two or three
sterile segments, the seedlings could be regarded as being well

established. Then the plants in each half tank were thinned to

12 - 15 individuals. The composition of the nutrient solution

used for the compiete nutrient solution was the same as that used
in the previous culturing experiment (Hoagland and Arnon 1938,
Table 2.1 ), For the nutrient deficient treatments, the solutions
were made up according to the formula of Hoagland and Arnon (1950),
whiéh basically gave the same concentrations of ions as in the
above one. In the nitrogen deficient solutions (Table 5.1), the
corresponding lack of potassium and calcium were made up with the
addition of potassium sulphate and calcium sulphate respectively.
Also ammoniﬁm'dihydrégen orthophosPhaée (NHA H2 POA) was replaced

with calcium tetrahydrogen orthophosphate Ca H4 (P04)2 H,o, These

adjustments were calculated as follows:-
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Table 5.1° Shows the macroelements and their concentrationms,
which were used in the preparation of nutrient
solutions lacking nitrogen.,

Salt Molar g.1L. cc/one
| L. of solution
K, S0, 0.5 0.44 5
Ca H4 (an)z Hy 0.05 0.13 10
CaSO4 0.01 0.27 200
Mgso, 1.00 0.49 2
Table 5.2 The means and the range of the maximum and
minimum daily temperature and relative humidity
in the greenhouse.
Temperature (Co) Relative Humidity (%)
Mean Range Mean Range
Maximum 29.5 27 - 30 Maximum 83.4 73. - 90
Minimum 13.5 11 - 19 Minimum 52,65 46 - 59
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Atomic weight of the ion, == | ‘
' X'weight > x 1000 = The substance.

molcular weight of the " (g.lL) - ' conqeﬁtrafion of
substance. : the ion in p.p.m.

Macro—elements in the phosphoru§ - deficient solution were the
same as in the complete solution without ammonium dihydrogen ortho-
phosphate NH4 H2 POA‘ Iron and the five micro—~elements were added
in the same concentrations as in the complete solution (Table 2.1 ).
The pH of the solution was between 6 — 7 which proved to be satis-
factory for growth. Thése values wefe read on an Electronic Inst-
rument Ltd., PH Meter Model 7060. For all the treatments ﬁhe sodium
chloride concentration was 1;52; which was shown previously to be

very satisfactory.

Daily means of the temperatures and the relative humidity in
the greenhouse were recorded by a CASELLA Thermo-hygrograph, during

the total growth period of 20 weeks, and can be read from Table 5.2.

fhe amount of nitrogen and phosphorus in the normal solution
represents full dosage with respect to both elements. Therefore,
all the measured morphological characters of the plants grown in
the normal solution have been taken to represent the control for
the both treatments., The results were exfressed in terms of the
morphological characters, the growth habit ;nd the flowering time.

The following morphological characters were assessed quantitatively:-

1. The vegetative characters:—

1. Shoot length,
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II.
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Root length.

Total number of terminal spikes/plant.
Total number of primary branches from the main axis.
Number of sterile segments in the main axis.
Terminal spike length,

Number of fertile segments in the terminal spike.
Length of the lowermost branch from the main axis.

Length of the uppermost branch from the main axis.

The fertile segment characters:—

(Using three fertile segments in the middle of the terminal

spike, see Figure13.14;

Maximum width of the second fertile segment (A)-.
Maximum width of the fourth fertile segment (B).

Minimum width of the third fertile segment kC).

Observed length of the segment (D).

Observed length of the central flower (F),.

Total length of the central flower (E).

Observed length of the side flower (G).

The distance between the apex of the central flower and
the upper margin of the segment (D-F).

Length of the covered part of the central flower from the

segment base. (E-F) = (The scarious border width at its tip).

The experimental results of the thrée treatments are presented in
the form of a minimum, a maximum, means, a standard deviationA(S.D.), -
2 standard deviation (-2S), + 2 standard deviation (+25), and a variance
for each replicate.and separately for each of the vegetative characters.

These can be read in Tables A 5.1-A 5.4 in the appendix. In the text the
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mean, S.D. and the range based on the means of the six replicates

for each treatment are shown.

5.3 The effect of increased light intensity on the morphology of

Salicornia.

In the salt marsh habitat the variation in light intemsity may
limit plant growth at both upper and lower levels. Seawards the light
intensity can be reduced considerably during tidal inundation, es-—
pecially if much sediment is carried in the water, In additiom, both
the intensity and the quality of light are markedly reduced by a
layer of water‘(Weaver and Clements 1938), At the landward limit
the growth of the taller plants may shade out the shorter plants,
where the marsh is ungrazed (Ranwell 1972). However, light has not
yet been subjected to much study in the salt marsh habitat, (Chapman
1976) even though most species are probably light demanding, and in-

tolerant of shade.

Salicornia species can.occur throughout a salt marsh. The low
marsh plants are subjected to daily tidal immersionm, particularly
during spring tides, whilst the upper marsh plants may be shaded by the
taller plants, such-as Suaeda,Halimicne Aell. -and Spartind Sé;r;b. Because
of these .factors the present experiment was carried out to investigate
the effect of light intensity on the morphology of Salicornia. A
secondary objective was to find out whether increased light intemsity
could stimulate the development of the red coloration in the plant

(betacyanin).

5.3.1 Experimental procedures:-—

This experiment was carried out in the greenhouse in conjunction

with the nitrogen - deficiency, phosphorus - deficiency and complete
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nutrient solution treatments. Also the seeds of the same parent
plant (5. ramosissima) were used. This facilitated the “use of the
same morphological characters of the plants grown in the complete
nutrient solution, under normal greenhousé illumination, as a control
to compare with the results of this treatment., In tliis experiment
the light intensity was increased to almost double the normal "green-
house illumination. The design and the general planning of this
treatment was the same as those for the nutrient deficient treatments.
The three culture tanks used for the light treatment were positioned
at one side of the culture bed. This helped to partition them easily
from the other treatments. This ﬁartitioﬁ did not result in any shad-
ing which might affect the light regime of the other experiments. The
levels of the lamps on the tops of these culture tanks were lowered

to half the distance as that for the other treatments. The level of
the light bank was about 40 cm. from the sand surface., It consisted
of 10 long cool fluorescent tubes, each of 80 watts. In addition,
four mercury tungsten lamps, each of 200 watts, were added. Each lamp
was mounted under a white round reflector of 38 cm, diameter. These‘
four lamps were'positioned about 15 - 20 cm, above the fluorescent
light bank. These lamps, with their reflectors, were placed so that
each of the three culture tanks would receive as even an amount of
light as possible; Though the greenhouse was naturally illuminated,

a fixed day length of l4hr., light was used (6.00 - 20,00hrs.). To
avoid the extra heat, which would be produced by the merdury tungsten
lamps, an air blower was installed. Precautions were taken to ensure
that the temperature at the plant level was the same as in the green-
house. This light regime gave the plant almost double the light in-
tensity normally found in. the gréenhouse. The light levels at plant

height were determined with a photometer.
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The plants for this treatment was grown in a complete nutrient
soyution (Hoagland and Arnon - 1938). All the other growth conditiéns

were exactly the same as those explained earlier in this chapter.

5.4 Results and discussion:-

Table 5.5 shows the measurements for each of the vegetative
characters of the plants grown with;ut nitrogen: It shows that lack
of nitrogen had a very significant effect on all of these characters.
Cenerally the shoot system had béen reduced to a high degree, whilst
the adventitious root system had beeﬁ limited to two or three fila-
ments. Plant height showed a mean of 2.8 cm. in comparison with
those which were grown in full nitrogen which showed a mean of 11.7 cm.
(Table 5.3. The branching habit had been depressed almost completely,
apart from the occasional production of 2 - 3; almost sessile, fertiie
segments which sometimes developed on one side of the main axis.
Terminal spike length was also reduced from 3.07 cm. in full nifrogen
to 0.59 cm. in the nitrogen deficient solution, with two or one, and
occasioﬁally with three, fertile segments. On the other hand the
number of sterile segments in the main axis was the least affected
by nitrogen deficiency in comparison with the other vegetative char-
acters. It had a range from 4.9 — 9.4 in comparison with that of the
control plants, which had a range of 12.6 - 16.3 sterile segments (Tables
5.3 & 5.5). However, its length had beén reduced to less than 1/3
of those grown with a full nitrogen dosage. In additiomn, all the
plants grown in the nitrogen deficient solution developed an 'erect'
growth habit, whilst those grown in the complete solution developed

a 'prostrate' growth habit, (Photographs 5.1 & 5.2).

In contrast to the vegetative characters, the fertile segment

components of the plants grown in nitrogen deficient solutions showed



Table 5.3. Vegetative characters for Salicornia ramosissima

type grown in a complete nutrient golution, These

figures are based on the mean values of the six

replicates .
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The vegetative morphological characters Min. | Max. mean. S.D.
1-Shoot length 12,52 | 14.47 | 11.69 | + 0.99
2-Root length 7.62 9.37 7.32 + 0.70
3-Total number of terminal spikes/plant 56.54 {150.00 | 80.29 + 27.63
4-Terminal spike length 1.95 3.34 3.07 +0.20
5-Number of fertile segments in.the 8.36 | 13.00 | 12.27 +1.25
terminal spike.
6-Total number of primary branches from 23.54 | 29.08 | 23.79 +.2.69
the main axis. : .
7-Number of sterile segments in the 12.62 | 16.30 | 11.92 + 1,27
main axis,
8-Length of the lowermost branch from the| 6.72 8.62 6.69 + 0.79
main axis.
9-Length of the uppermost branch from 2,29 2.90 3.02 + 0,09
the main axis.
Table 5.4  Fertile iegme’nf: E;ompénenﬁs measurements (mm) - ,
_ , _ .

for S. ramosissima type grown in a complete

nutrient solution.

Fertile segments components mean | S.D,
A 3.11 | +0.38
B 2.83 [+ 0.41
C 2.47 | + 0.15
D ~1.76 | +0.10
E i.S7 +.0.11
F 1.53 | + 0.10
G 0.97 | + 0.12




Table 5.5

Vegetative characters for Salicornia ramosissima
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type grown in a nutrient solution lacking nitrogen (-N).

-

These figures are based on the mean ;_val-ues of the six

replicates .

The vegetative morphological characters Min. | Max. | Mean.| S.D.

2-Root length 5.09 | 7.45 | 6.34 | +0.76

3-Total number of terminal spikes/plant 1.00 | 1.92 | 1.27 +0.38

4-Terminal spike length 0.32 | 0.90 | 0.59 + 0,22

5~ Number of fertile gegments in the 1.11 3.77 2.25 + 0,99
- terminal spike. ' -

6—-Total number of primary branches from 0.54 | 0.92 | 0.37 * 0.43
the main axis.

7-Number of sterile segments in the 4.8 1 9.39 | 7.50 + 2.09
main axis, -

8-Length of the lowermost branch from thel{0.00 | 0.00 | 0.00 | + 0.00
main axis. ) :

V 9-Length of the uppermost branch from the (0,00 | 0.00 | 0.00 | + 0.00
main axis
Table 5.6 Fertile .segment components measurements (mm)

for S. ramosissima type grown in a nitrogen-deficient

(-N) nutrient solution.

Fertile segment components{| Mean S.D.
A 3.29. | +0.20
B 3.10 | © +0.22
c 2.46 | 10.08‘
D 2.17 *+0.14
E 2,05 | +0.14
F 1.75 ‘+ 0,13
G 1,04 | . +0,07
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Photograph 5.1 chows Salicormia ramosissima plants grown in the

complete nutrient solution.
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Photograph 5.2 : shows Salicornia ramosissima plants grown in

a nutrient solution lacking nitrogen(-N).
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a considerablé,increase in their measurements, (Tables 5.4 & 5.6), especially
the length of the fertile segment (D), the total length of the central
fiowe: (E), and the length of the side flower (G). This,probably,

means that the plants in the nitrogen deficient solution could produce

~ relatively larger seeds than those grown in the nutrient solution with
normal levels of nitrogen. However, nitrogen deficiency caused a

marked early flowering; about 2 weeks earlier than those grownm iﬁ thé

complete nutrient solution.

The visual symptoms of the plants grown in the nptrient solution
lacking phosphorus were not so obvious as those grown in the nitrogen
deficient solution (in comparison with those grown in the complete
nutrient solution),however, most of the measured vegetative characters of
the plants growﬂ in the phosphorus deficient solution showed a sig-
nificant deviation from those grown in.the nutrient solution with
normal levels of phosphorus. Hawever, from Tables‘5,3 & 5.7 it can be seen
that the characters; the tot#l number of sterile segments in the
main axis, the shoot length, and the total number of terminal spikes
per plaﬁt are the most significantly affected by the lack of phospﬁorus.
The lack of phosphorus also resulted in some growth abnormality. As
has been noticed, quite often a clump of two or more short terminal
spikes were developed in a normal terminal spike originating from one
fertile segment.(Photograph 5.3), In addition, constrictiong can
be observed in some of the terminal spikes. It seems this may be due
to the failure of some fertile segments to forﬁ flowers and seeds.
Wallace (1961) reported that one of the main effects of phosphorus
deficiency was that a plant may fail to develop seeds. It seems
that some of the phosphorﬁs deficient plants developed longer terminal
spikes than those grown in the complete nutrient solution due to this

abnormality.



159.

Table 5, 7 Vegetative characters for Salilcormia ramosissima
type grown in a nutrient solution lacking phosphorus
{-P). These figures are based on the means value

of the.six replicates . .

The vegetative morphological characters Min. [Max, Mean. S.D.

1-Shoot length 10.50]13.23| 13,55 + 0.78

3-Total number of terminal spikes/plant. 44.671180.83| 93.89 * 32,69

4-Terminal spike length, 2.79| 3.34| 2.86 + 0.52

5-Number of fertile segments in the 11.46{14.00{ 11,42 + 1.61
terminal spike. -

6-Total number of primary branches from 19.83(27.85 | 26.62 + 2.29
the main axis.

7-Number of sterile segments in 10.00(13.77 | 14. 26 + 1.39
the main axis. -

8-Length of the lowermost branch from the|| 5,48| 7.49{ 7,69 + 0.69
main axis,

9-Length of the uppermost branch from 2,92| 3,17 2.58 + 0,19
the main axis.

Table 5.8 Fertile segment components measurements (mm)
for S, ramosissima grown in phosphorus-deficient

(~P) nutrient solution ,

‘Fertile Segment Componentsi{| Mean S.D.
A 2,77} + 0,14
B 2,65 | + 0,15
c 2,01 | +0.10
D 1.87 | +0.05
E 1.69 | + 0,07
F 1,65 + 0.10
G 0.97 | + 0,12




Photograph 5.3
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Shows Salicornia ramosissima plants grown in

a nutrient solution lacking phosphorus(-P).
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Fertile segment components of the phosphorus-deficient plants
showed quite similar results to those grown in the nutrient solution
with normal levels of phosphorus, in comparison with equivalent

measurements made on normal segments. (Tables 5.4 & 5.8). Most of the plants

grown in the phosphorus deficient solutiop“dévelbped'an 'erect' growth habit,

though some showed a 'prostrate' tendency.

Table 5;9 shows the results for the vegetative characters for
the plants grown under fhe'light‘treatment. The increased light
“intensity resulted in a significant increase in all the measured
vegetative characters. However, some characters such as the length
of the upper and lower branches, the tdtal number of terminal spikés
in the plant, and the shoot and the root length, showed a significant
increase in their measurements, in comparison with those grown in the
normél light regime of the greenhouse, Table 5.3 . However, the
terminal spike length, the number of fer;ile segments in the terminal

spike, and number of sterile segments in the main axis showed significantly

less increase than the above mentioned characters, Table 5.11.

The most obvious effect of increased light intensity was the total
number of branches which developed from the primafy branches, Con-
sequently ,since in Salicornia spp. each branch is terminated with a .
terminal spike, the total number of terminal spikes also increased
to a high degree. Table 5.9 shows that the total number of terminal
spikes increased almost three times over those grown under the normal
greenhouse light conditions. In other words, light intensity resulted
in a marked increase’ in the numbers of flowers and seeds per plant.
Also it resulted in a marked delay in the flowering time, this being
about 10 days later than those that‘had gro&n under the normal green-

house light regime.
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for S. ramosissima grown under an increased light

intensity treatment,

Fertile Segment Components Mean S.D.
A 2,66 10.03
B 2.56 +0.07
c 1.92 +0.05
D '1.96 +0.06
E | 1.6.5 10,05
F 1.47 10,04
G 0.93 10,02

Table 5.9 Vegef:ative characters for Salicornia ramosissima
type grown under an increased light intensity. .These
figures are based on the mean values of the six
replicates.
The Vegetative morphological characters Min, | Max, | Mean. | S.D.
2-Root length 8.76 | 10.60| 10.02 | + 0.77
3-Total number of terminal spikes/plant 155.18 | 447.0{270.77 +87.39
4~Terminal spike length 2.79 4.10( 3.300 | + 0.50
5-Number of fertile segments in the 11.85 | 15.921| 13.20 | + 1.57
terminal spike, -
6-Total number of primary branches from 22,60 | 30.00( 25.20 | + 3.14
the main axis.
7-Number of sterile segments in 12.50 | 15.00{13.70 | + 1.10
the main axis. , -
8-Length of the lowermost branch from the | 9.63 | 13.45| 11,62 + 1.55
main axis.
9-Length of the uppermost branch from 3.85 5.94 | 4.81 |+ 0.70
the main axis. :
Table 5.10 Fertile segment components measurements (mm)
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Shows in percentages the dis-similarity in

the replicates of each treatment (nitrogen~deficient,

. =N; phosphorus deficient, —P; and increased light intensity,

+L) with those of the control treatment.

Vegetative morphological characters

The treatments
-N -P +L

1.

Shoot length. 100 55.6 75

Root Length. 27.8 |13.9 | 77.8
Total number of terminal spikes/plant. 100 41,7 96.7
Terminal spike length. | 100 25.0 33.3

Number of fertile segments in the terminal .

spike,

Total number of primary branches from the

main axis. 100.0 |27.8 25.0

Number of sterile segments in the main axis. 86.1 |58.4 .| 38.9

Length of the lowermost branch from the main

axis. : -|{100.0 |25.0 | 94.4
. Length of the uppermost branch from the main

axis. 100 36.1 97.2

97.2 {25.0 22.2

The dis-similarity percentage

between means value of two

The above figures were calculated by application of the followiﬁg

formula:-

treatments.

* Significantly different

*% Significantly similar

number of significantly different * means

Total number of means (significantly

different means + significantly similar**

means.)

The value of one or bothkb'F' and 't' test
show a probability of less than 0.05.

The values of both 'F' and 't' test are
not significant, or if they possessed a

probability greater than 0.05.

x 100
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Generally, the increased light intensity brought about vigorous
vegetative growth, as well as a system of well developed-adventitious
roots. The plants were darker green, probably due to the increased
chlorophyll content, and they}did not show any sign of red colouration
(betacyanin) in their superficial tissues. Also it was noticed that
the main axis, and the axis of the secondary branches, became relatively

thicker and more woody in nature. (Photograph 5.4).

In spite of the large increase in the total number of terminal
spikes per plant, the measurements of the fertile segment components
did hot show a marked deviation from those grown under the normal
ligﬁt level of the greenhouse, Tables 5.4 & 5.10;"A11“the plants-grown
under increased light intensity showed a 'prostrate' growth habit,
which could be due to the increased weight.of the plant as a result

of the increase in the vegetative growth.

From the tablés and the photographs of the present investigation,
it is obvious that nitrogen-deficiency has the most significant effect
on almost all the>vegetative morphological characters of Salicornia,
and hence can be considered as the main limiting factor for its growth.
Also this wide range in the morphological characters, between plants
grown in the nitrogen-deficient solution and those grown in the normal
nitrogen levels of the complete solution; shows that Salicornmia_plants
respond sensitively to nitrogen levels. Such results are in support
with the conclusions of most people who worked on the nutrition of
salt marsh plants, that nitrogen has the priofity as a growth'limiting

factor, (e,g.Tyler 1967, Pigott 1969).

' However, Salicornia plants showed a remarkable flexibility to

cope with such a deficiency of an important macronutrient growth element.
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Photograph 5.4 : Shows Salicornia ramosissima plants grown under

an increased light intensity
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’

In spite of the marked fall in the physiological aétivity, and thus
overall reduction in the vegetative characters, the plant is stiil
able to complete its life cycle successfully in produéing flowers

and seeds. It seems that when Salicornia is under stress‘through

low external levels of nitrogen, the small amount availablg from the
seeds is used to produce flowers and seeds, which,are essential for
reproduction and not for increased vegetative growth. Such an adapt-
ation can be visﬁalized by the plants ability to form terminal spikes
with relatively larger fertile segments than those grown in the normal
level of nitrogen of the complete nutrient solution, whilst the other
morphological characters hardly have been developed, an ability con-
stituting a kind of compensating mechanism (Zi.e.thé advantageous mod-
ifications of the phenotype in response to environmental changes,

Whitehead.1962}.

On the other hand, phosphorus deficiency resulted in some sig-
nificant effect on the morphology of Salicornia, but these were much
less than those of nitrogen deficiency. Nevertheless, the most obvioﬁs
effect of phosphorus was-the stimulation of some growth abnormality,
especially the consideréble iﬁcrease in the length of the terminal
spike, though it did not affect the general shape of the fertile
segment, apart from those specimens which failed to producelseeds.

This narrow range of variation of Salicormia ﬁlants in response to
phosphorus deficiency may follow from the plant being physiologically

well buffered against such changes or variation in phosphorus levels.
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CHAPTER VI

MORPHOLOGICAL BEHAVIOUR OF SALICORNIA SPP,IN RELATION TO DIFFERENT

LEVELS OF NITROGEN, PHOSPHORUS AND SODIUM CHLORIDE:-

To give precision and usefulness to various taxonomic cate-
gories, particularly at or below the level of species, it ié des—-
irable that their scale of variation should be studied quantitatively.
This scale of variation and the faqge_of tolerance of the genotype
in question is the range withig which it can grow successfully and
produce flowers and seeds. It is well known that evefy genotype
has not one but a range of environmental tolerances when viewed in
terms of its ecological amplitudes. As é matter of fact the concept
of range i1s in itself an abstract one; It is almost imposéible to
define range in terms.of a limited number of éhysical factors because
so many variable are involved. It cannot thus be visualised what
the reaction of a given genotype will be under different combinafiops
of environmental factors. -‘All that can be done by experiment is to
establish certain cardinal points in which can be done by varying

single component in turn whilst the others are kept constant.

Phenotypic variability in the plants, as pointed out eariier,
may be caused By variation either in the environment and/or the
genotype. So coﬁparative culturing of plants raised from seeds
from various parts of the tolerance range may help, gartially, in

separating heritable from non heritable variables.

In the present experiment seeds belonging to different types

of Saltcornia were grown at different levels of nitrogen, phosphorus
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and sodium chloride. - They are described here under two headings,
1. nitrogen and phosPhorus, and 2. sodium chloride, though all the

experiments were in fact carried out simultaneously.

6.1 Material for the experiment:—

Eight plant groups occurring naturally on the salt marshes
of Hayling Island were collected in summer, 1975, aﬁd‘each plant
was wrapped in a newspaper and tagged. They were stored in a
relatively humid, dark place over the winter, for the next growing

season.

The plants were chosen to be fepresentative of the major
taxonomic groups of Salticornia found on Hayling Island; 'Following
the classification of Ch;phan et al.(1962); these plénts were iden-—
tified as Salicornia dolichostachya, é. nitens and S. ramosissima.
Their general morphology was recorded immediately after their coll-

ection. These measurements can be seen in Table A 6.1, in the appendix.

-

6.2 The effects of different levels of nitrogen and phosphorus on

the morphology of Salicornia:- .

6.2.1 Experimental procedures:-

The levels of nitrogen and phosphorus used in this experiment
were determined by the results of the last experiment. Their effects
on plant morphology were tested in the range of 5 - 135 p.p.m. (Nl —'N4)
.and 2 - 16 p.p.m. (P1 - Pé)’ respectively. These rangeg were considered
wide enough to evaluate the effects of these elements on plant
morbhology. The actual concentrations used were spaced logarithmiéally,

being 5, 15, 45 and 135 p.p.m. for nitrogen and 2, 4, 8 and 16 p.p;m.

for phosphorus. The seeds of the specimens number 3, 12 and 15'were
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used (Ap'pendix,' Table A6.1).

In this experiment each culture tank was equally partitioned
into three sectiomns, feferred to as A, B, and C. The sections are
referred to as 3A, 3B, 3C etc.. Each section was sown with seeds
of one of the three species in the following sequence:— Section 'A'
with seeds of S. dolichostachya, Section 'B' with seeds of S. nitens
and Section 'C' with seeds of S. ramosissima. Care was taken that
there was no mixing of seeds during the irrigation period, particular—
ly at the eérly stages of growth where loose seeds might easily be

washed about.

For each species seeds of one parent plant were used in all the
treatments of nitrogen and phosphorus. So for each level of nutrient
treatment one culture tank was qsed.. Tanks numbered 3, 4, 5 and 6
were used for the nitrogen treatments,vand 7; 8, 9 and 10 for the

phosphorus'treatments.

The nutrient soluﬁions were made up according to Hoagland and Arnon
(1950) for solutions with different levels of nitrogen and phosphorus,
with decreasing concentrafions of the relevant element for each
treatment and appropriate substitution. The reduction in the amounts
of potassium énd calcium were compensated by the addition of potassium
sulphate and calcium sulphate respectively, giving the same quantity
of potassium and calcium as in the normal solution (Hoagland and Arnonm .
1938). Ammonium dihydrogen orthophosphate had been replaced with
calcium tetrahydrogen diorthophosphate (CaH4 (POA)Z'HZ(D Fo give the
same amount of phosphate in thé normal solutioh. These adjustmenté |
for nitrogen and phosphate can be read from Tables 6,1-6,3, Iron and

the five micronutrients elements are the same as in the completé
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The weight (g/1L.) of the macronutrient

salts used in preparation of the nutrient

solution in the four levels of nitrogen.

A5

135

treatmenq.

Nitrogen level 5 ! 15
The salt pP.p.n. pP.p.m. PspP.m. p.p.m,
KN O4 0.015 0.050 0.145 0.435
Ca (M0y), 0.018 0.047 0.147 0.441
Ca H4(P 04)21{2'0‘ 0.130 0.130 0.130 0.13Q
Mg 304 7H20- 0.490 0.490 0.490 0.490
K2 SO4 0.536 0.508 0.447 0.146
Ca SO4 0.272 0.459 0.435 0.108
Table 6.2 The amount of nitrogen (p.p.m.) from KNO3

and Ca (N03)2 at the four levels of nitrogen

r.ce of Nitrogen KNO3 Ca(N0O3)2
Nitrogen leve P.PeM. g.1lL. | p.p.m. g.11
5 p.p.m. 2 0.015| 3 0.018
15 " 7 0.050 8 . 0.047
45 " 20 0,145 | 25 0,147
135 " 60 0.435 75 0.441
i
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Table 6.3  The weights (g./1L)of ealcium tetrahydrogen
diorthophosphate used in the preparation of

the four levels of'phosphorus *.

Phosﬁhorus level || © = 2 . ) 4 8 . 16

The Salt - p.psm. | p.p.m. PePelme .| . PePem,
CaHy (P0,), H,0 - 10.008 | 0.016 | 0.033 0.065

2

* The other macronutrient salts are the same as of.the complete

solution (Hoaéland and Arﬁon 1938).

Table 6.4 Mean, and rangé;of the temperature and relative

humidity in the greenhouse.

Temperature (Co) ’ Relatib? humidity (Z)
X . Range ' X Range
Maximum 29.5 28. - 32.0 | Maximum 84.8 | 76 - 96

Minimum 6.9 4.0- 12.0 | Minimum| 53.5 | 50 - 59
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nutrient solution (Hoagland an& Arnon 1938). Changing the concent-
ration of the salts did not bring about any significant ‘thange in
the pH ofvthe solution. These readingé were ébout pﬁ6 and ﬁére
assumed to be approximately uniform for the work. These values

were read on an Electronic Instrument Ltd. pH meter Model 7060.

Each culture tank reservoir was supplied with 17 litres of the
appropriate nutrient solution. The solutions were changed after
the first six weeké, with subsequent changes after each two weeks
until the plants were harvested. Sodium chloride was added after
germination had commenced in a concentration equal to that of average

sea water (2.57).

The experiment started by sowing thg seeds on 30th April§1976;
Usually germinafion'cbmmenced within one week, After the establishment
of the seedlings was ensured, their numbers were reduéed to 13-15
plants of equal size and, to give the experiment a greater degree
of uniformity, the distances between the seedlings were kept as
similar as possible. All the other experimental conditions were
described in Chapter II. The range and meéns_of temperature and
relative humidity in the greenhouse during the 20 weeks of the growth

period, as recorded by a CASELLA Thermohygrograph are shown in

Table 6.4 (Page 171).

6.2.2 Results:-

Tables ( 6.5-6.8), Figures (6,1-6,20) and photographs (6,1-6.3)
show the effect of the different levels of nitrogen and phosphorus
on the measured characters. Each morphological character iﬁ each
of the employed levels of nitrogen and phosphorus was expressed as

a mean, together with 957 confidence limits, For more statistical
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information about the vegetative characters, Tables A.6.2-A.6.7.
in the appendix give the minimum, maximum, means, standard deviation
and varianée values, In addition, the statistical significance levels
within the nitrogen treatments, and within the phosphorus treatments
for each of the measured vegetative characters are shown in Figures
6.51 - 6.46)., The effects of the various levels of nitrogen and

phosphorus on morphology of the fertile segment components are pre-

sented as means with their standard deviationms.

6.2.2.1, The effect of nitrogen treatments on the

morphology::,

It can be seen that the three types of Salicornia i.e. S.
dolichostachya, S. nitens and S. ramostssima, showe& a significant
response to the levels of nitrogen in terms of their vegetative
characters. In each, the plant length, root length, number of sterile
segments in the main axis, total number of primary braﬁches and the
length of the lowermost braﬁch showed a significant increase in
their measurements, up fo a ﬁéximum of AS'p.p.m. nitrbgen level, (N3)
above which there was no positive effect on their growth. The terminal
spike length, number of fertile segments in the terminal spike and
the length of the uppermost branch show an increase in their measure-
ment§, up to a maximum of 15 p.p.ﬁ. nitrogen level (Nz), again
additional amounts of mitrogen did not show a positive response. How~
ever, Figures 6.9 & 6.10 also show that the nitrogen did not bring
about any effect on the angle of branching, both of the upper and lower

branch, with the main axis.

Figures 6.1-6.10, clearly illustrate that the three types of

Salicornia have a remarkably similar growth pattern, however, they
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Table 6..5

Shows the mean values for the vegetative characters for each of the selected

types of Sdlicornﬁa in the four levels of nitrogen.

Salicornia type and treatments S. dolichostachya S. nitens S. ramosissima
(A) (B) (C)
5 15 75 1 135 5 15 45 | 135 5 15 Z5 ] 135

Vegetative cgggacter Pl P.P.M.| PP DD PP p.p.m.igép.m.‘g.p.m. DePefe] PoPells] PoPeMe [PePolle

Shoot length 11.55 | 17.22 |20.94 | 18.29 [|19.43 | 26.28 | 24.50 | 25.10 | 14.89 | 21.98 | 24.59 |18.43
* Root length. 6.95| 7.91| 9.67| 7.8 | 9.83110.77]11.63{11.09 ] 6.63| 6.93| 7.46 | 6.61

Total number of primary branches from 26.67 | 34.20 | 40.00 | 35.60 [ 35.17 | 40.00 | 46.17 | 42.00 |29.93 | 34.53 | 36.27 |30.67

the main axis.

Number of sterile segments in 13.33 | 17.17 | 20.13 | 17.67 |17.50 | 19.92 | 22.75 | 20.92 [13.53 |17.27 {17.87 [15.33

the main axis. .

Terminal spike length 1.23| 1.87 | 1.73| 1.16 | 1,01 | 1.76| 1.65| 1.08 | 0.90 | 1.10 | 1.25 | 0.53

Number of fertile segments in the 4,250 6.75 | 6.13| 4.60 | 5.33 | 8.58| 8.33| 4.67 | 4.33| 5.53| 6.73 | 3.00

terminal spike,

Length of the lower most branch from 2.95| 7.68| 9.88| 8.01 | 3.67 | 7.66|12.33 |10.84 | 2.02 | 3.00| 6.22 | 5.83

the maln axis,

Length of the upper most branch from 0.66 | 0.94| 0.99| 0.78 | 0.88 | 1.29 | 1.03| 0.90 | 0.63 | 0.66 | 0.79 | 0.47

the main axis.

Angle of the upper most branch with 32.50% 34.17° 42.00% 36.67°] 35.83°{ 32.08° 38.33°| 48.18% 36.33°] 29.67°] 54.00°(51.67°

the main axis. " :

Angle of the lower most branch with 38.75° 40.00° 33.679 32.00% 40.00°| 35.83°| 40.83°| 54.55°) 40.67°| 32,00°] - -

the main ‘axis. ‘ . )

-
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Figures

Note:

6.1~

*6.10

Effect of the four levels of nitrogen on shoot length, root

length, total number of primary branches from the main axis,’
total number of sterile segments in the main axis, terminal

spike length, number of fertile segments in the terminal

spike, length of the uppermost branch from the main axis, length
of the lowermost branch from the main axis, angle of the
uppermost branch with the main axis and angle of the lower-

most branch with the main axis, in the three types of

| Saltcornia, with 957 confidence limits to show the physiological

differences between these types at each level of nitrogen.

The means and confidence limits at each nutrient level are

slightly separated laterally to avoid overlap of the lines.
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Shoot length (Cm)-
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Figure 6.1
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Root length (cm).
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Total pumber of primary branches from the main axis.
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Figure 6,3
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Totzl numter of the sterile segrents in the main axis.
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Terminal spike length (cm).
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0.2

A Salicornia dolichostachya (A)
® Salteornia nitens (B)

Salicornia ramosissima

©
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Experimental levels of Nitrogen treatment (p.p.m.).

Figuré 6,.5
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Number of the fertile segments in

the terminal spike.

A Saltcornia dolichostachya (A)
® Salic_omia nitens (B)

)

Salicomia ramosissima

4

15

ks 135
Experimental levels of Nitrogen treatment (p.p.m.).

Figure 6, 6

i e e e e



182,

Length of the uppermost branch from the main axis.
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' Figure 6,7
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Length of the lowest branch from the main axis (cm).

13 ]

PN

12 -

11 4

10 4

A Salicornia dolichostachiya (A)
® Squcomia nitens (B)

N Salicormia ramosissima ©)

15

45 135
Experimenta.i levels of Nitrogen treatment (p.p.m.).

Figure 6..8
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Angle of the uppermost branch with the main axis.
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Experimental levels of Nitrogen treatment (p.p.m.).

Figure 6,9 ~ -
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Angle of the lowermost branch with the main axis.
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Photograph 6.1

shows Saltcornia nmitens plants grown in the four

leyels of nitrogen treatement:-

3B: plant grown in 5 p.p.m. nitrogen level.

4B: plant grown in 15 p.p.m. nitrogen level,
5B: plant grown in 45 p.p.m. nitrogen level.

6B: plant grown in 135 p.p.m. nitrogen level.
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showed considerable difference in their nitrogen utilisation or in
ofher words in their general growth rate., The 957 confidence limits
reveals that the three types of Salicornia show their maximum diff-
erences in their nitrogen utilizaﬁion,at the nitrogen level of their
optimum growth., Simply the three Salicornia types can be ranked

as follows:~ S. nitens, S. dolichostachya and then S, ramosissima,
(Figures 6.1-6.8), This order can be seen’in alméét'éllithe Vegetative
characters., However, the figures clearly show that at 5 p.p.m. nitrogen
level (Nl) the three types of Salicornia show their minimum differ—
ences in growth rate, though the three types of Salicornia show.a
significant difference in their height at 5, 15'and‘45 p;p.m. nitrogen

level.

The relationship between the developmené of the secondary branches
and the nitrogen level is quite distinct (photograph .1, ). Almost
no secondary branches are developed at the 5 p.p.m. nitrogén lével.

At the 15 p.p.m. nitrogen level very few short secondary branches
were developed. It seems that the secondary branches usually start
to develop well at the 45 p.p.m. nitrogen level and better at the

135 p.p.m. nitrogen level. This reinforces the conclusion reached

in the previous chapter, that this character is of little value taxo-‘

nomically.

Table 6.6 , shows the mean values for the fertile segment comp—
bnents in the four treatﬁent of nitrogen. The data clearly shpws that
the experimental levels of nitrogen did not exert a ﬁéfked effect on
the dimensions of the fertile segment components; In additiomn, ob-
seryétions on the flowering time, showed that there was little effect
on the flowering time.either, though fhere was a difference of three

to four days between those plants grown at the 5 p.p.m. and those at
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6.6 Shows the means (%) and standard deviation (S.D.) values
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for the fertile segment components of the three types of -

Yalicornia in. the four levels-6f nitrogen (Measurements

expressed as mm).

5. dolichostachya
) (&)
N Na N3 Ny
Fertile 5.psp.m. 15 p.p.m. 45 p.p.m. 135 p.p.m.
Segment . i % S.D. X S.D. x s.D. | x S.D.
Components
a | 377 40,22 - + - 3.44 40,25 | 3.52  +0.29
B || 3.62  +0.24 - + - 3.31  +0.19 | 3.36  +0.32
c || 2.55 = +0,07 - o+ - 2,36  +0.12 | 2.56  +0.13
D || 2.32  +0.10 -+ - 2,11 +0.18 | 2.22  40.23
E || 2.35 +0.16 | = & - | 2.06 +0.19| 2.26 . +0.18
F [| 1.97  #0.,13 - + - 1.74  +0.18 | 1.86  +0.26
G || 1.29  +0.09 - + - | 0,95 #0.13| 1.34 40,23
E-F || 0.38  +0.06 - + - 0.32 +0.09 | 0,36  +0.13
D-F || 0.35  +0.12 - + - 0.37  +0.20 | 0.36  +0.11
5. nitens
(B)

. N N N N
Fertile 1 2 3 4
Segment , _ 5.p.p.m. _ 15 pP.-p.M. _ 45 P.p.m. _ 135 p.p.m.
Components X S.D. X © 8.D, X S.D. X S.D.

Al 3.8 +0.17 | 3.57 +0.10} 3.51  +0.18] 3,57 +0.17
B || 3.45  +0.18 | 3.33  +0.10 | 3.28  +0.19| 3.37 +0.29
c || 2.27 +0.14 | 2,32 +0.11 | 2.10  +0.13} 2.48 40.11
D || 1.53 +0.19 | 1.87 +0.16 [ 1.76  +0.18 ) 1.61 +0.19
E || 2.62 40,23 | 2.08  #0.12 | 2.09  +0.12| 2.21 +0.19
F || 1.43  +0.14 | 1.59 10,17 | 1.51  +0.18| 1.42 +0.16
G || o.62 +0.11 | 0.78  #0.12.| 0.77  #0.19| 0.67 40,15
E-F || 0.59 ~ +0,19 | 0.50 +0.18 | 0.60  +0.13{ 0.79 +
p-F {f 0.10 +0,10 | 0.29  +0.09 | 0.25  +0.13| 0.19 +
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Table 6.6 (Continued)
S ramosissima

(C) _

Fertile Ny Na - N3 Ny
Segment 5.p.p.m. 15 p.p.m. 45 p.p.m. 135 p.p.m.
Components ||x S.D. X S.D. X S.D. x S.D.
A ||3.14 30,14 | - £~ | 2.96 40,16 | 2,79  +0.16
B |[2.92 +0,17 | - + - 2,91  +0.13 | 2,73  40.17
c {2.28 +0.16 | - + - | 211 10012 | 2,09  +0.12
p [1.68 +0.24 | - + = | 1.56  +0.17 | 1.64  +0.24
E [2.12 +0.09 | - + - 1.89  +0.1 1.84  +0.14
“F [|1.51 0,19 - + - 1.36 40,08 | 1.37  +0.23
¢ [fo.66  +0.18 | - + = | o0.65 +0.09 | 0.71  +0.19
E-F  [0.61  +0.14 | - + - | 0.55  +0.17 | 0.47  +0.18
D-F f0.17  +0.15 | - + - 0.20  +0,14 | 0.29  +0.07

* See Figure 3 14
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the 135 p.p.m. nitrogen level. However, S. dolichostachya type
plants usually flower earlier than S. nitens and S. ramosissima
by about seven to ten days. This difference in flowering was observed

in all the four levels of nitrogen treatment.

Nitrogen levels produce a considerable effect on the colour-
ation of the plant. At the lower concentrations of nitrogen, part-
icularly between 5 - 15 p.p.m.,a red colouration (betacyanin) was
developed at the end of seed maturation. Due to the importance of
this phenomenon, it will be discussed later in this Chapter; Also
the three types of Salicornia show some differences in their green
colouration. In general plants of 5. dolichostachya and S. nitens
were bright-green to yellowish-green, whilst those of S;(ramosissima
were green to dark-green in colour, though at the lower concentrations
of nitrogen (5 - 15 p.p.m.) the plants used to lose their green
colour much earlier than those at 45 and 135 p;p.m. nitrogen respect-

ively.

6.2.2.2 The effect of phosphorus treatments on the morphology:-

The effects of different phosphorus levels on the three types

of Salicornia are not so obvious as those produced by the nitrogen

treatments - (Photographs 6.2 and 6.3, Page 201&202).°

Table 6.7 and the Figures 6.11-6.20illustrate that plant
height, number of sterile segments in the main axis, number of primary

branches from the main axis and the length of the lowermost branch

show a significant response up to a maximum with 4 p.p.m. phosphorus. Figures

6.11, 6.13 & 6.14, reveal that any additional application of phosphorus in

excess of this level has no positive effect on them, though the figures

indicate a non-significant increase in their measurements at 16 p.p.m. .
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Table 6, 7 ' Shows the mean values for the vegetative characters for each of the selected

types of Salicornia in the four levels of phosphorus.

+

Salicornia type and treatments S. dolichostachya S. nitens ’ S. ramosissima

(A) ' (B) ©)
2 4 8 16 2 4 8 16 2 4 8 16

d Elg.ml » .m. L] lm. E.E.ml E.E.m. E.E.m. E.E.m. E‘Blm E.E.m' E'E.m. E.E.m.
Shoot length _ 18.29 | 22.34 | 15,25 |16.19 | 27,18 | 31.72 | 25,20 | 29.16 | 20,09 | 24,93 | 24,00 | 25.93

Ve-etative character *

»
<

Root length : ) 7,63 | 6,92 6.00 | 5.67 ) 9.08 | 9,28 | 9,29 |10.50 f 7.15} 7.33| 8.30 | 9.64

Total number of primary branches from

. . 35.86 | 42.80 | 30,27 |31.20 145,17 |149.19 |39.33 |46.93 | 32.67 | 37.00 | 33,73 |41.82
<1 the main axis.

Number of sterile segments in the h7 79

main axis. 21.33 115,27 {15.33 ||22.42 | 24,58 {19.67 [23.09 ||16.20 | 18.40 |{16.80 [20.82

Terminal spike length. 1.74 | 1.83 | 1.57 | 1.69 || 1.65 | 1.74 | 1.64 | 1.16 | 0.94 | 0.70 | 1.40 | 0.56

Number of fertile segments in the

. . 6.33 | 6.60 | 6.00 | 6.47 7.33 8.00 | 8.58 | 5.36 6.13 | 4.30 | 8.07 | 3.36
terminal spike. <

ﬁg?ﬁt:xgi the lower most branch from the jy.4 ., |11 50 |10.10 | 9.02 l|l10.60 |12.79 |15.65 |12.58 || 6.96 | 6.50 |12.40 |11.60

| Length of the upper most branch from

. } , 1.29 | 1.02 | 1.25 | 1.17 || 1.18 | 1.32.} 1.10 | 0.87 || 0.95 | 0.55 | 1,10 | 0.49
the main axis. ' ]

Angle of the upper most branch with

. . 30,00° 34.33o 33.67°(29.67 {|52.50 [52.50 |35.00 [49.55 |/55.33 [35.00 |50.67 [42.73
the main axis.

Angle of the lower most branch with
| the main axis,

34,00°| 37.33%)40.67° [40.67 ||51.25 |52.50 |45.83 [55.46 - 48,75 |56.33 |55.46
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Figures 6,11- Effect of the four levels of phosphorus on shoot length,
6.20 root length, total number of primary branches from the

main axis, number of sterile segments in the main axis,
terminal spike 1ength, number of fertile segments in the
terminal spike, 1éngth of the uppermost branch from the main.
axis, length of the lowermost branch from the main axis, -
angle of the uppermost branch with the main axis and angle
of the lowermost branch with the main axis respectively in
the three types of Salicornia with 95% confidence limits

to show the physiological differences between these types

at each level of phosphorus. ( See note on pagel75).
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Total number of primary branches from the main axis (cm).
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9 -
6 4
3 p
0 — - v
2 4 8

16
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Total number of the sterile segments in the main axis (cm).

.10 4

28-
26

24
22
20
18
16
14

124

6
4 |

A Salicornia dolichostachya (A)

Y Salicornia nitens (B)

[ Salicornia ramosissima ©)

4 8 16
Experimental levels of Phosphorus treatments (p.p.m.).

Figure 6,14
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Terminal spike length (em).

Number of fertils segments in the terminal spike,

2.079

1.8 -

1.6 1

1.0
0.8
0.6 4
0.4 4

0.2 1

A Salicornta dolichostachya (A)

® Salicornia nitens {B)

| 1 Salicornta ramostsstma (]

12

11 4.

10 4

4 8 - 16

Experimental levels of Phosphorus treatment (p.p.m.).

Figure 6,15 -.

A Salicornia dolichostachya (A)

Saltcornia nitens (B)

o Salicornta ramostssima (c)

Experimental levels of Phosphorus treatment (p.p.m.).

Figure 6. 16
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length of the uppermost branch from the main axis (cm).

1.6 5
1.5
1
1.3 4
1.2 4
1.1 4
1.0.
0.9 +
0.8 -
0.7 4
0.6 4
0.5 -
0.4 4
0.3
0.2 J

0.1

Salicornia dolichostachya

>

® Salicornia nitens

a Salicormia ramosissima

(&)
(B)
(©)

4 8

Experimental levels of Phosphorus treatment (p.p.m.).

Figure 6..17
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Ledgth of the lowest branch from the main axis {cm).

-
=
1

13

far}
n
1

—
—
I

fur}
o
1

O
1

o]
I

A Salteornia dolichostachya (A)
®

| | Salicormia ramosissima ()]

Salicormia nitens . (B)

L . 8
Experimental levels of Pho'sphoz}us treatment {p.p.m.).

Figure 6,18
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] ] .o

o . A Salicornia dolichostachya (A)

1 Salicornia ramosissima {c)

Salicornta nitens © (B)

Angle of the uppermost branch with the main axis,
S

N

v} . .
5 § . 16
Experimental levels of Phosphorus treatment (p.p.m.).

Figure 6.19.- =~

1c0®
o) . v A Salicornia dolichostachya (A)

Salicornia nitens - ' (8)

| | Salicomia ranostssima ()

Angle of the.lowermost branch with the main axis.
)

N

4 , 8 16
Experimental levels of Phosphorus treatment (p.p.m.).

Figure 6.20 L ' -



201.

Photograph 6.2 : Shows Sqlicornia nitens plants grown in 2 p.p.m.

phosphorus level(7B) and in 4 p.p.m. phosphorus

level (8B).
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Photographs 6.3 : Show Salicornmia nitens plants grown in 8-p.p.m.
phosphorus level (9B) and in 16 p.p.m. phosphorus

level (10B).
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The characters, tefminal spike length, number of the fertile segments

in the terminal spike and ﬁheylehgth of the upper branch” (all concerned
with the shoot apices) did not show any response to the different
phosphorus levels (Figures 6-15—6.1?1) Also, it can be noticed from
the»presented figures and tables that increasing the phosphorus level,
especially above 8 p.p.m., resulted in a significant decrease in over-

all growth. Figures 6.19 & 6.20 clearly shpw that the angle of branching,
both of the uppermost and the lowermost branchés, with the main axis,

and the root length have no re%ponse to‘the experimental levels of

phosphorus.

Phosphorus treaﬁments did not showany significant effect on the mor-
" phology of the fertilé segments (Table 6.8);> Also, these treatments

did noﬁ have any effect on the floﬁering time, though plants of S.
dolichostachya flowered earlier than those of S. nitens and S. ramosissima
by 12 - 14.day5f However, this is about two times the difference in

the flowering time observed for nitrogen treatments,

6.2.3 Discussion:-

Nitrogen deficiency proved to affect all the vegetative-characters
measured apart from the angle of branching of both uppermost and lower-—
most branches with the main axis, Most of the morphological cﬁaracters
showed a positive relation to the increased dosage of nitrogen upto
45 p.p.m.. Any increase in nitrogen content, above this level, did
not produce a noticeable effect on growth, though ﬁhe development of
the lateral secondary branches increased, On the whOle; the vegetative
characters can be grouped into two categories, in relation to the nitro-
gen level at which the characters measured show their optimum expression.

The first group are the apical characters which consist of the terminal

spike length number of fertile segments in the terminal spike, and



Table 6.8 Shows the mean(X) and standard deviation(S.D.) values

204,

for fertile segment. components of the three types of

Salicornia‘in:the four levels of phosphorus(Measureuents

expresséd as mm ).
- 8. dolichostachya
(4)
Fertile * - By P2 P3 Py
Segment 2 p.p.m, 4 p.p.m. 8 p.p.m. 16 p.p.m.
Components™ || x s.b. | x  .8.D.| x s.D. | x S.D.
A |[3.26 10.23 | T + T | 3.51 +0.32 B + =
B 312  +0.18 | - + - | 319 s025 | - + -
c [z40 +0.10 | = _- + - 2,46 40,20 - + -
b 2.6 40.33 | - " + = | 2,12 +0.12 - + -
E 212 :O.>18 - : - | 198 ':6...14" - + -
F |18 s0.18 | - s - L3 osoar | - 4 -
¢ [o.96 40,09 | - :" - | 1.03 _to.>3 - + -
EF  J0.26 +0.11 | - + - [ 0.25 _4;0:(59. - -
>F 0.3 021 | - + - o s017 | - 4 -
- S. nitens
(B)
g:;;iii . 2 pf;.m. 4 p.sf'. 8 pfg.m. 16v§?§.m.
Components || % S.D. | X% S.D. x s.D. | X S.D.
A || 3.61  #0.16 [ 4.07 0,28 | 3.69  +0.23 [ 3.53 10,22
B [|3.37  +0.13 |3.87  +0.34 | 3.69 +0.23 | 3.46  +0.31
c || 2.23 +0.20 2.77 +0.26 | 2.59 40.18 | 2.46 40,20
b ||1.58 +0.18 | 1.96  +0.26 | 1.7  +0.36 | 1.56  +0.20
E || 2.17  +0.10 1 2.m '".»_3_0.1-6' 2.12  #0.20 | 2.11. io.uj
Fofl1.34 110.15 172 +0.20 | 1.57 16.25 1.47  +0.20
¢ |l o.61 ‘:o.»17— 0.62  +0.16 0.66 ;0.19‘ 0.65 :o.i.é
E-F [ 0.83 10;17 0.59  +0.19 | o0.,54  +0.17 | 0,64  +0.20
oF [l 0.24 +0.09 [ 0,24 | £0.08 | 019 40.09 | 0.1 40.10
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Table 6.8 (Continued)
S. ramosissima
- (©)
Fertile " . Py Py P3 Py
Segment 2 pip.m 4 p.p.m. _8 P.p.m. _16 pP.p.m.
Components X - S.D. X S.D. X S.D. p.S S.D.

A [2.55  +0.30 | 2.73  +0.15| 2,91  +0.10 | 2.70  +0.21

—_ - — C—— e —— § —-—

B |2.55 +0.24 | 2.70 +0.30| 2,79  $0.17 | 2.62  +0.23

v —— —— i e e

¢ [1.92 +0.20 | 1.87 . +0.12| 2,02 +0.10 | 1.99. +0.23

* awatass

D f1.63 +0.34 | 1.67 10.16| 1.66  +0.22 | 1.61  +0.14

- ——

E 172 s0.16 | 2.13  +0.12 1.90 +0.13 | 1.8  10.15
P f130 022 | 160 s0.10] 153 s0.31 | 139 s0.14
¢ lo.62 +0.10| 0.70 +0.20| 0.78  s0.92 | 0.73  +0.09
BF oz +0.31 | o053 s0.15| 037 s0.19 | 0.47  +0.13

pF Jo0.33 +0.15| 0.07  +0.06 0.13  +0:11 | 0.22  +0.07

! h

ok See Figure 3.14
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the length of the uppermost branch. These characters produce their
optimum growth at 15 p.p.m. nitrogen (NZ)’ any additional dosage of
nitrogen haviﬁg an inhibitory effect (Table 6.5 and Figures 6.5,

6.6 and 6.7), In contrast the second group such as plant height,
number of sterile segments in the main axis, total number of primary
branches from the main axis, and the length of the lowermost branch
showed their optimum development at 45 p.p.m. nitrogen (N3), any
additional dosage of nitrogen, above this level, resulted in an obvious

increase of the lateral secondary branches,

'.From the previous nitrogen experiment (Chapter V) and the present
one it can be concluded that within the experimental range of nitrogen
concentrations, i.e. zero = 45 p.p.m.; the annual forms of Salicornia
spp. showed quite distinct differences in theilr general morphology
and appearance Qihotographs 5.é & 6.1). Moreove£ at low nitrogen
levels the three types of Salicornia cultured look very siﬁilar to
each other. Such conclusions can also be drawn from the polygonal
graphs (Figures 6.21-6.23 ) which show quite similar shapes at 5 p.p.m.
nitrogen, It is very likely that suéh variation in the morphology .
and appearance of Salicornia spp. in relation to soil nitrogen content
in the salt marsh, plays an important role in the taxonomic confusion
experienced in the genus. However at this point it would be dangerous-
to apply these experimental results directly to those in the field
without field évidence regarding the actual concentrations and variation
of nitrogen in the Salicornia zones. Neverﬁheless, most of the studies
in the field have shown that the availability of the inorganic nitrogen
is a limiting factor for the growth of the most salt marsh species
(e.8Tyler 1967, Pigott 1969), and hence the competitioﬁ for it 1is
severe. Such competition is probably most severe for those plants

which grow in the upper marsh, particularly during the summer season
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.
a

hd

Figures 6.21- . Polygonal graphs-of-eight morphological characters of
6.23 Salrecornia dolichostachya, S. nitens and S. ramosissima

respectively, grown in the four levels of nitrogen.

Note: The eight morphological characters represented by the

polygonal diagrams as follows:-

- 48

1. Terminal spike length.

2. Length of the uppermost branch from the main axis.
3. Angle of the uppermost branch with the main axis.

4. Lenght of the lowermost branch from the main axis.
5. Shoot length, |

6. Total number of pfimary branches from the main axis.
7. Number of'sterile segments in the main axis.

8. Number of fertile segments in the terminal spike,
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[ [
! |
|
Nitrogen level - 5 p.p.m. : - Nitrogen level - 15 p.p.m.
L
i :
Nitrogen level - 45 p.p.m. : Nitroggn level -~ 135 p.p.m.

Salicornia dolichostachya

Figure 6,21
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L

Nitrogen level - 5 p.p.m. Nitrogen level — 15 p.p.m.

b

Nitrogen level — 45 p.p.m. - Nitrogen level — 135 p.p.m.

Salicormiq nitens

Figure 6,22
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L oy |

Nitrogen level - 5 p.p.m.

T

Nit:ogeh level - 15 p.p.m.

Nitrogen level - 45 p.b.m.

Saliecornia ramosissima

Figure 6, 23

Niﬁrogen level - 135 p.p.m.
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when hypersaline conditions as a result from the infrequent tidal
coverage together with high rates of evaporation (Chapman” 1960, Ranwell

et ali 1964, Tyler 1971b).

From the results of the present experiment it can be clearly *
seen that the three éypes of Salicornia studied, i.e, Sh.dblichoétachya,
Se¢ nitens and S. ramosissima, which are from different parts of the
marsh, show very consistent trends for most of the characters measured
in relation to the employed levels of nitrégen used (Figures 6.1-6.8. ).
waever, these figurés differ significantly in their absolﬁte values,
and the maximum difference between these types in their ability to
utilize the available nitrogen in the culture solution, is at the
ndtrient level of their optimum growth for each of the characters,

It is interesting to see that the curves for S. ramostissima are always
below the curves of the other two types. Since such a phenomenon
occurrea in almost all the vegetative characters studied, under a
quite uniform growth condition, consequently it is likely that there
is a significant genetic component to these absolute differences.

This, in pa?t, may be explained as a result of genetic differentiation
in relation to the actual nitrogen contents in their natural habitat;
since genétic differentiation in salt marsh species in response to

the énvironmentél heterogeneity is well established (Gregor 1930,

'1946, Chapman 1960; Aston and Bradshaw 1966;’5harrn§( 1967, Hannon

and Bradshaw 1968, Waisel 1972, Grey 1974). Stewart et al. (1972),

‘also relate the variability in nitrogen content in the annual species
of Salicornia and Suaeda to the gradient in supply of nitrogen which they
suggested to be incieasing toward seaward end of the marsh. Durrant
(1972) and Hill (1967) also pointed out, that.phenotypic modifications
can be transmitted through seeds for several generations. The other

" factor which could help in the development of such genetic differentiation,



212,
among the annual forms of Salicornia spp., may be the presence of a breeding
barrier between the populations, particularly between thoSe at upper and
lower levels on the marsh., As pointed out earlier in this study, this
breeding barrier, among the annual forms of the genus is due, in part, °
to the high proportion of seeds by self-fertilization (Dalby 1962,~
Ranwell 1972). 1In addition, the high number of individuals produced
by Salicornia, particularly in the lower marsh and the low elevation
areas of the upper marsh, and the advanced flowering of the lower marsh
populations in relation to thosevof the high marsh, Differences in
flowering time between the popﬁlations may reduce the éffect of gene flow

on the genetic composition of the populations.

On the other hand, the experimental levels of phosphorus showed
a less significant effect on the general morphology'of the plant,
Plant length, total number of primary braﬁches from the main axis,
number of sterile segments in the main axis, and the length of the
lowermost branch showed a significant response only up to the 4 p.p.m.
level (P2). The terminal spike length, number of fertile segments in
the terminai SpikE; and the length of the uppermost branch (all con-
cerned with the shoot apices) did not show any significant response
to any of the experimental phosphorus levels. It may be supposed that
when ‘the external supply of phosphorus is very low,.a large proportion
of it may be trans-located from the older parts of the plant to the
developing part which need phosphorus the most (Russell 1973). However,
the polygonal graphs (Figures 6.24-6.26) also show that the threg
types of Salicornia are still distinct from each other even at the -

lowest levels of phosphorus employed (2 p.p.m.).

Generally, from this experiment it can be concluded that nitrogen,

rather than phosphorus, is the critical limiting growth factor for
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Figures 6,24 -. .- Polygonal graphs of eight morphological characters of
6. 26 ‘ 7 7 |
. Salicornia dolichostachya, S. nitens and S. ramosissima

respectively, grown in the four levels of phosphorus.

(see note on page '207).
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Phosphorus level = 2 p.p.m. : o >Phosphorus level - 4 p.p.m.

PUR VI S W St

L

L

Phosphorus level - 8 p.p.m. o Phosphorus level - 16.p.p.m.

‘Salicornia dolichostachya

Figure 6, 24
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Phosphorus- level- ~ 2 p.p.m. : ' _ Phosphorus level = 4 p.p.m.

L . : 3

Phosphorus level - 8 p.p.m. : ' Phosphorus level - 16 ﬁ.p.m.

" Salicormia nitens

Figure 6,.25
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Figurg 6,26
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the annual forms of Salicornia at least as far és the experimental
material tested here. This is in agreement with the previous con-
clusions that nitrogen appears to be the iimiting growth factor for
certain species on the salt marsh, (Tyler 1967,/Pigott 1969, Stewart,
et al., 1972, 1973;‘Valiela and Teal 1974, Patrick.and'Delaune 1376).
Ryther and Dunsta (1971) and Gray and Bunce (1972) also referred to
phosphorus being available in the salt marsh habitat in amounts ade-
quate for plant growth. It seems that this, may in part; explain

why nafural'selection has not produced a low phosphorus tolerant
genotypes in the annual forms of Salicornia. In contrast; due to

‘the serious fall in the availability of nitrogen in the Salicornia
zone (the actual concentrations of inorganic nitrogen and phosphorus
in Salicornia zone will be discussed in the field studies, Chapter VII),
na;ural selection has let to the development of low nitrogen tolerant
genotypes. The biological consequences of this is that the annual’
forms of Salicornia can flbwer and set seeds, and so can survive, even

at very low nitrogen levels.

6.3 The effect of different lévels of sodium chloride on the

morphology of Salicornia:—

As pointed earlier in this thesis (Chapter I), salinity levels
vary considerably over the sait marsh ﬁabitat, seasonally as well as
regionally, from one place to aéother and in particular between the
upper marsh and the lower marsh. Therefore one can expect that such

variations in salinity level may have a direct or indirect effect on

the morphology of the plants under investigation.

There have been several studies on the effect of salinity omn

’.

Salieornia spp. ForAexample, as early as 1876, Batalin correlated

the succulence of the plant with the presence of sodium chloride in
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the soil., In addition, others such as Halket 1915, Keller 1925, °
Van Eijk 1939, Webb 1966, Flower 1972,  Frenz-Arnol 1974,Mert and
Varder 1976 have explored the effect of sodium chloride on Salicornia
spp., particularly from the physiological point of view, -Little att- "

ention was paid to overall development and comparative morphology.

In the present experiment an attempf was made to investigate
the effect of different strengths of sodium chloride on the morphology
of Salicormia in terms of the same morphological parameters used in
the previous experiments; as well as co?relating fhe behaviour of
three typesléf Salicornia under such levels of sodium chloride in

terms of these parameters.

6.3.1 Experimental procedures:—

The seeds used in this experiment came from the plants numbered
2, 8, 13 which belonged to Salicornia dolichostachya, S. nitens and

S. ramosissima respectively. Table A 6.1. in the appendix.

The morphology of these three types of Salicornia were invest-
igated in four levels of sodium chloride., These levels were 57
(twice the normal sea water strength), 2.57 (normal sea water strength),
1.37 (half normal sea water strength) and 0.657 (quarter normal sea
water strength), Sea water total salinity may range from less than
one percent to more than five percent (Metson 1961), However, in
the present experiment the 2.5 percent solution of sodium chloride

was adopted as '"'normal sea water strength",

As in the previous experiments, concerned with the effects of
nitrogen and phosphorus, for each of the four levels of sodium chloride

one culture tank was used. The culture tanks numbered 11, 12, 13 and
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14 were used for the present experiment, (photograph 2.1, Chapter I11).
.In addition, each éulture tank was partitioned into three ééual sections,
refefred to as A%, B* and C*. Each section was sown with seeds of one
of the three types of Salicornia, in the following pattern; Section A®
with seeds of S. dolichostachya, Section B™ with seeds of S. nitens

and Section C* with seeds of S. ramosissima.

The nutrient solution used was fhe complete solution of Hbagland
and Arnon (1938), Table 2.1, the proper amount of sodium chloride
(Grade Analar) for each treatment being added after germination had
commenced, Table 6.9. Sodium chloride was added at intervals over

one-two days, to avoid any physiological shock to the plant.

The experiment was started by sowing seeds in the tanks on 30th
April, 1976. After germination had commenced and the establishment of
the seedlings ensured, the plants in each sub-tank (Section) were

thinned down to 13-15 plants of a uniform size.

All the other aspects of growth are the same as mentioned earlier

'in this Chapter.

" Table 6.9 The weights and concentrations of sodium chloride used

in the four levels of sodium chloride treatment.

Nacl concentration | Nacl concentration gm/L of nutrient
in the culture in percentage solution
solution
! sea water _ 0.65 6.5
1 sea water 1.3 13
1 sea water 2.5 25
2 x sea water . . 5 50 .
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6.3.2. Results:-— o

The various growth parameters measured are represenEgd in Tables
6.10 and 6,11, along with Figures 6.27—6.36, and Photograph §.4, to
illustrate the effect of the experimeﬁtal levels of sodium chloride
on these parameters, in the three selected types of Salicormia. The
data_were analysed statistically in the same way as in the previous
experiment of nitrogen and phosphorus treatments) (Figures 6.47-6.49)
with the minimum, maximum, mean, standard deviation and variance values

are presented in the appendix (Tables A.6.8.-A 6.10).

The experimental levels of sodium chloride exert a significant
effect on the charactefs; the plant height, number of sterile segments
in the main axis, total number of. the primary braﬁcheé from the main
axis, terminal spike length, number of fertile segments in the terminal
spike, length of the uppermost branch and length of the lowermost
branch from the main axis. In the three types of Salicornia these
characters demonstrate theif maximum growth at 0.65% sodium chloride,
and their growth was significantly retarded as the amount of the
. salt in the growth medium increased. Thus at 5% sodium chloride

these characters showed their minimum growth, Figures (6.27, 6.29-6,34).

The angle of branching both of the upper branch and the lower
branch with the main axis did not show a significant relation to the

salinity variation, Figures ‘6.35 and 6,36

| Though Figure 6.28 shows that the increased dosage of sodium chloride
did not exert a significant effect on the root length, the adventitious
root development had been considerably.reduced at the higher dosage of
sodium chloride (Photograph 6.’4). Ffom the photograph it is also

obvious that the high dosage of sodium chloride affected the development of

the
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types of Salicornia in thévfou; levels of sodium chloride.

Table 6.10  Shows the mean values for the vegetative characters for each of the sélected”

Salicornia type and S. dolichostachya S, nitens S. ramosissima
Vegetative Characters treatments (A) (B) ()
0.65%2 1.3%2 ..2.5% 5% ||0.65Z 1.37 2.5%Z 5% ||0.65Z2 1.3%7 2.5%Z 5%
J .

Shoot length 35.10 29.28 24,98 23,05({36.23 30.48 25.47 19,17 ||39.87 31.33 26,67 22.66
Root length 10.00 9.63 10.80 9.63| 8,70 10.50 9.60 9.17 (10,61 9.36 7.54 10,90
Total number of prlmary branches from 47,00 39.33 36.57 34.27|/60.86 57.67 50.67 38.83 [59.20 49.64 42.53 38.00
the main axis,

Number of sterile segments in the 23.75 19.83. 18.13 17.00(|30.86 28.50 25.27 19.50 |29.10 24.82 '21.40 18.83
main axis. '

Terminal spike length 2,63 1.28 }.13 0.31i 2,30 1.80; 1.47 0.33 | 2.41 1.23 0.66 0.23
Number of fertile segments in 11.50 4,33 . 5,00 1.36(|11.29 8.83..7.87 1.67 || 1.31 7.55 3.93 1.33
the terminal spike .

Length of the lowermost branch from 15.46 10.28 9,17 6.48|/11.,07 13.76 9.17 5.23|22.51 12.82 11.89 8.00
the main axis. ‘

Length of the uppermost branch from 1.98 1.53 1.05 o0.67f 2,09 1.88 1.13 0.64] 1.53 0.8 0.59 0.35
the main axis.

Angle of the uppermost branch with 37.08 29.50 25,67 34.33‘31.43 30.83° 32,22 30.85)33.50 30.00 31,00 31.67
the main axis. .

Angle of the lowermost branch with 34,89 40.00 42,78 45,83 29.55 21.33 39.17

.38.33 30.42 26,67 31.00

38.00
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Figures 6.27 .-
6.36

Effect of the fouf levels of sodium chloride on shoot
length, roof length, total number of’primary branches from.
the main axis, total number of sterile segments in the main
axis, terminal spike length, number of fertile segments

in the terminai'spike, length of the uppermost branch from
the main axis, length of the lowermostvbranch from the main
axis, angle of the ,uppermost branch with the main axis and
the angle of the lowermost branch with the main axis, in
the three types of Salicorn%q, with 957 confidence limits

to show the sensitiyify ~.differences between the types

" at each level of sodium chloride (See note on page 175.).
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Figure 6..27
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Root length (cm).

4

A Saltcomia dolichostachya (A“)

o Salicornia nitens (8%)

0 Salicomia ramostssima (c*)

C.65

r

1.3 2.5 . ' . 5.0

Experinental levels of Sodium chloride treatment (%)

Figure 6,728 .
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Total nuaber of the primary branches from ihe main axis,

Aﬁﬂ§

A Saltcornia dolichostachya (A“)
0 Salicornia nitens (o*)

O Salicomﬁ ramogtesima c")

v Y

0.65 1.3 2.5 : 5.0

Experimental levels of Sodium chloride treatment (%).

Figure 6,29 .-
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Terminzl spike length (cn).
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Kurber of the fertile segments in the terminal spike.

? . A Saltcornia dolichostachya (A™)
o) Saltcornia nitens (%)
?\ﬁ 0 Salicornia ramostssima (c*)

0.65 L3 2.5 5.0

Experimental.levels of Sodium chloride treatment (%).
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Length of the uppermost brunch from the main axis (cm).
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Length of the Yowermost branch froa the raln axis (ca).
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most branch with the main axis.
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Angle of the lowermost branch with the main axis.

150°
9 Salicornia dolichostachya (A“)
80° 4 , : , . .
0 Saltcornta nitens (%)
200 - ) [=| Salicornia ramosissima  (C)
60°4 .
50°+
40° 4 +
300_‘ /—-’/‘—_—;¢
2001 ' .
10°]
(4] , .
0.65 1.3 2.5 y

5.0

Experimental levels of Sodium chloride treatment (%).

Figure 6. 36



233,

Photograph 6.4 : Shows Salicornia nitens plants grown in 57 Nacl

( 11B), in 1.37 Nacl (12B) and in 0.657 Nacl (13B).
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secoﬁdary branches from the p;imary branchgs. As it can be seen
in the plants grown in 5 percent sodium chloride, the secondary
branches consists of a short terminal spike, which usually consists of
one-three fertile segments terminéting one or two short sterile
segments, Sometimes the terminal spike is sessile on the primary

branch.

Cdmparison of.Eigures 6.27-6. 34 and’Photograph’6.4 reveals that
the increased dosage of sodium chloride produced a stunting effect
on growth. It can bé noticed that the length of the terminal spike,
the pumber of the fertile segments in terminal spike; and the length
of fﬁe uppermost branch are the most suppressed by increasing the
saliﬁity level in comparison with the other végetative characters.
For example in S. dolichostachya type, the terminal spike length
~ was reduced from 2,6 cm in the 0.65 percent sodium chloride solution
to 0.3 cm in the 5 percent. solution, and the number of fertile seg—
ments in the terminal spike had been reduced from g 12 to one fertile
segment réspectively, and in some, even one fertile segment did not
develop well, Similarly in S. ramosissima the.length of the uppermost
branch had been reduced from 1.53 cm. in the 0.65 percent solution
to 0.4 cm. in the 5 percent solution.

On the other hand, the number of sterile segﬁents in the main
axis and thé total number of primary branches appeared to be less
sensitive to thelincreased levels of sodium chloride in comparison with

the other vegetative characters.

In contrast to the nitrogen and phosphorus treatments the sodium
chloride treatments exerted a considerable effect on the morphology

of the fertile segment components in all three types of Salicornia,
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Table 6,11. In common with the vegetative characters, the increased
levels of . sodium chloride, particularly the 5 percent‘treatment,
brought about a general reduction in all the fertile segment cbmponents.
It seems that the most sensitive component of the fertile segment,

to the increased levels §f sodium chloride, are the maximum ﬁidths

of fhe segments (A and B in Figure 3.14),Table 6;11,as these two parts
are probably strongly related to the succulency of the plant tissue,
'However, the experimental levels of sodium chloridé did not bring a
significant change to the usual flowering period of the types of |
Salicornia grown and as usual the plants of S. dolichostachya flowered
earlier than the other two typés, by 10 - 15 days, in all the four

levels of sodium chloride,

6.3.3 Discussion:-

In general the effect of the experimental levels of sodium chloride
on the vegetative characters shows that the growth of the apical
“characters,‘i.e. terminal spike length, number of fertile segments
in the terminal spike, and the length of the uppermost branch from
the main axis, are the most suppressed by the increased levels of
salinity. The development of the gteriie segments in the main axis
and the number of the primary branches from the main axis are less

affected by the increased levels of sodium chloride.

Comparison of the Figures 6.27-6.34 also reveals that all the three

types of Salicornia showed a similar growth pattern towards the adopted
levels of salinity. But, nevertheless, they showed significant diff-

erences in their sensitivity towards sodium chloride, particularly at

the 1,3 percent and 2.5 percent levels in terms of the measured characters

(Figures 6.27-6,34). From the 95% confidence limits it can be seen that

most of the vegetative characters measured demonstrate their lowest



Table 6.11 -

Sho&é the means(x) and standard deviation(S.D.)
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values for the fertile segmeﬁt'comp'énents of the
three types of Salicornia in the four levets of
. sodium chloride.(Measurements expressed as mm).
S. dolichostachya
(A™)
Fertile : 0.65% 1.3% 2,5% 5% )
Segment . | %  s.p. | X  s.p. x S.D. X S.D.
Components ' ' . :
A [ 4.33 0 +.38 | 3.8 +.39 | 3,45 +.10 | 3.52  +.24
B | 4.24  +.41 | 3.46  +.33 | 3.28  +.20 | 3.06  +.09
c [3.23 - +.27 | 2,74 +.39 | 2.23°  +.18 | 2.74  +.29
D |2.33  #.19 | 2,40  +.25 | 2,06 -~ +.14 | 2,12 +.15
E [2.49  +.20 | 2.73 © #.34 | 2.53 © #.15 | 2.26  +.09
F 2,13 .16 2,33 *.21 2,04 +.15 1.88 +.05
G 127  +.25 | 1.25 +.23 [ 1.01  +.17 | 1.30  +.10
E-F .36 +.13 <40 +.28 49 +.14 38 .13
D-F 0,20 1.26, .07 1.09 .03 +.09 24 +. 18.
S. nitens
(B\) ,,,,,,
Fertile 0.657% 1.37% 2,52 5%
Segment , | X S.D. X s.D. X, S.D. X S.D.
Components | ’
A |/3.08 +.23 | 3.38 +.43 | 3.60 +.16 | 2.97  +.19
B [3.02 +.10 | 3.10 +.20 | 2.98 +.05 | 2.63 +.18
C 2.50 0.0 2,48 +.35 2,45 +0.,10| 2,18 +.19
D f|2.10 . +.12 | 1.68 +.40 | 1.48  +.36 | 1.73  +0.26
E |2.22 +0.18[ 1,90 +.37 | 1.83  +.33 | 1.63  +.21
Foll1.82  20.20] 1.48 30.38] 1.28 .15 | 1.23 .19
G J|1.02  +.05 .83  +.23 .73 +.24 T4 4,17
E-F || .40  +.16 42 +.13 230 +12 | 4 +.16
"D-F || .28  +.26 20 +.29 | 0.2 #.17 | .54 +.32
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Table 6.11 (Continued)
S. ramosissima
c*)

Fertile » 0.65% 1.3% 2.57% 5%
‘S:Ef:;f;znts ¥ s.0. | X s.p. | ¥ s.n. | X s.D.
Toa |ast w33 | o308 w26 | 2,97 32| 2,76 +.16
B [| 3.26 432 | 2,77 +.25 | 2.33 .55 | 2,58  +.20
c || 2,46  +.23 | 2,31  +.23 | 1.86 ° +.39 | 2.12  +.08
D || 1.63  +.18 | 1.65 +.26 | 1.32  +.21 | l.44  +0.20
E 2.2 17 | 2,06 " +.18 1.96 *.18 1.80  +.14
Fo[l1.40 .20 | 1.59  #.23 | 1.15 ~ +.20 | 1.22  +.26
G .70 +.09 .66 +.17 .57 +.15 .58 +.10
E-F || .80  +.19 | .47 +.22 | .75  +.25 | .58  +.22
D-F .23 +.15 .06 +.13 17 #.12 .22 +.08

* See Figure 3.14
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overlapping between the three types of Salicornia at the 1.3 percent
and 2.5 percent levels of sodium chloride, whilst at the*levels 0.65
perceﬁt and 5 percent sodium chloride most of the measured vegetafive
- character show their maxi&um overlapping between the three types of
Saltecornia i.e. differences were generally none significant. For
example at these two levels, the terminal spike length and the number
of the fertile segments in the terminal séike did not show significant
differences between those plaﬁts of S. dolicﬁostachya and those of

S. ramosissima (Figures 6.31 and 6.32).

The presence of such significant differencgs in the growth ability
between the three types of S&Zicornia,;in terms of the measured vegetativg
characters, within the range of 1.3 - 2.5 percent sodium chlofide under
the standard growth conditions employed could indicate that these types
of Salicorni&‘have evolved different physiological adaptations to function
effectively under a salinity regime similar to that present in habitat
of the parent piant; This could be in agreement with Gifford and Nelson
(1965) who showed that there is a definite genetic differentiation in
the power of the plant to absorb sodium; as is the case for other
nutrients. On the other hand, the levels of 0.65 and 5 percent sodium
chloride at which most of the measured vegetative characters illustrate
a high degree of overlapping between the three types of Salicornia i.e,
differences are not significant, could indicate that such salinity levels
are not similar to those in which the parent plant grew in the field.
Though at this point it is difficult to derive such a conclusion with-
out having sufficient evidence from the field, the results bf the soil
analysis (Chapter VII) showed that the majority of the analysed salt

marsh samples possess a range of 1-2 percent sodium,

From the observed effect of the experimental levels of sodium
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chloride on the general morphology of Salicornia, and in particular
on the apical éharacters, it may be concluded that variation in
saliﬁity could have an important role in the taxonomical confusion
at present experienced in the genus. A plant belonging to the one
genotype may behave differently, morphologically, under differént
regimes of salinity. At the same time plants belonging to different
genotypes, but, under extreme conditions of salinity, may look the
same, so that it may be very difficult to differentiate between them.
The polygonal graphs for each of the three types of Salzecornia in
the four levels of sodium chloride illustrate such phenomena quite

clearly (Figures 6.37-6.39).

In general the results of the present experiment agree with the
general beliéf that Salicornia spp. and other halophytes are salt
tolerating ratﬁer than salt demanding. Similar observations were
recorded by Ganong (1903) when he described the salt marsh plants of
the Bay of Fundy Marshes. He said of Salicornia herbacea L.; that
the plants varied in size inversely with the saltiness of the habitat.
Halket (1915) also showed that plants of Salicornia flourished best
in the presence of a certain amount of salt, though the growth was

decreased if the amount of salt present increased beyond certain limits.

The general reduction of the plant size as the amount of sodium
chloride increases in the growth medium could be in part due to the effect
of the salt on the general metabolic processes of the plant, as it was
found that the enzymes involved in photosynthesis to be salt sensitive
(Greenway and Osmand 1972, Austenfeld 1974). Similarly the enzymatic
analysis of Salicornia spp. has shown fhat they are as sensitive to
‘salt as enzymes from salt sensitive plants (Weimberge 1967, Hason-porath

and Poljakof-Mayber 1969, Flower 1972, Greenway and Osmond 1972, Heimer
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Figures 6. 37~ .- Polygonal graphs of eight morphological characters
! 6..39 - . _ )
Salicornia dolichostachya, S. nitens and S. ramosissima

respectively, grown in the four levels of sodium chloride,

(see note on page207 ).
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Figure 6,37
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Figure 6.38
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1973). 1In addition,'other fundamental metabolic process‘in halophytes
such as protein synthesis are inhibited by salt (Hall and Flower 1973).
Protein synthesis and related ﬁrocesses could occur in the palisadé

cells illustrating the need for lower salt concentrations in the palisade
cells, Austenfeld (1974) found that nitrate reductase (the key enzyﬁe

of nitrate metabolism) was inhibited by higher concentration of sodium
chloride (250mm), both in vivo and in vitro. Albert (1975), pointed

out that due to constant salt intake in SalZcornia, the water content
drops continuously until the plants die. This in part may explain

the reduction of the twa measured maximum widths of the fertile segment

(A and B in Figure 3.14).

Webber et al, (1977) found Salicornia pacifica able to stand high
concentrations of salt, due to its cellsvability to pigeon hole the
salt into the central membrane bound vacoule, thus protecting the éait
sensitive organelles. He added that when the vacuolar salt concentration
rises until it becomes intolerable and the surrounding tissues, no longer
able to contain it, collapses.and‘dies, it leaves only the lifeless

conducting tissue to maintain the plant's continuity,

Generally from the above discussion probably it can be concluded
that the ability of éalicornia spp. to tolerate such high concentrations
of sodium chloride may be similar to many other halophytes. This is
due to the spatial separation of the salt from the enzymes and other
salt sensitive organalles, as the elemental analyses of Salicornia
shoots indicate that the root does not exclude salt or its movements

into the shoot tissue (Hansen and Webber 1975).

6.4 Development of betacyanin in Salicornia:-

The genus Salicornia, being a member of the Centrospermae, produces
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red violet pigments called betacyanins, formerly known as nitrogenous
anthdcyanins (see Mabry et al, 1962 and Shichi 1975). Thé’betacyanins-
and the betaxanthins occur in the cell sap (of the vacuoles) and thus
belong to chymochromes tDreiding 1961). Schichi (1975) concluded
that the principal structure of the violet colour;d pigment in his
Salicornia herbacea was betanidins - 5 - 0 - [ 2-0-(Bg-D

glucopyranosyl  uronic acid ) ] - B - D - glucopyranoside.

Salicornia spp. usually develop this red violet pigment at the
end of their flowering periods and it increases in quantity as the
seeds mature. Quite .often some plants become complgtely red at the
end of their life cycle. Its actual distribution witﬁin the plant
varies, it could be found in thelperianth or it may be present as
pink purple spots, in a mosaic, along the términal spike. 6n the
otker hand it may be seen as a flush over the entire terminal spike
or on the plant as a whole, or it may be confined to thevapical,parts
of the plant only. This variation in red colouring between the diff-
erent groups of the geﬁus, in which we are concerned, ﬁas been used
as an additional taxonomic character. For example Oliver (1907) in
differentiating between his S. herbacea and S; radicans referred to
them as a red and a green form respectively. Similarly it has been
used by most workers on the taxonomy of this genus, e.g. Willmott (1939),
Tutin (1953), Hambler (1954), Ball and Tutin (1959), Butcher (1961),
Scott (1977). Dalby (1962) related the presence and absence of this
pigment in various European species of Salicormia with the chromosome
number of the species. He found that betacyanin was almost restricted
to the diploids, though it does occur in tetraploids to a more limited

extent.

The results of the present observations on the development of
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0

Table 6..12 Shows the development of betacyanin in the three types of Salicornia in the
nitrogen, phosphorus and sodium chloride treatments.
1, Nitrogen treatment:- .
4n 4n 2n
Salicornia type/ ' S. dolichostachya (A ) 'S, nitens (B) S. ramosissima (C )
nitrogen levels .
Colour grade Sppm 15ppm  45ppm 135ppm - S5ppm 15ppm  45ppm  135ppm Sppm  15ppm - 45ppm 135ppm
- 1007 1007 1007 1007 0.0 0.0 0.0 33.3% 0 0] 0
- - 0 0 0 0 0.0 0.0 0.0 0 0. 0 (0] 0
-+ 0 o 0 o 0.0 0.0 1007 66.77 0 0 26,7% 1007
+ 0 0 0 0] 1007 1007 "0 0 0 0 73.3Z 0
+ + 0 0 0 v} 0 0 0 0 0 1007 0 0
+ + + 0 0 0 ] 0 0 : 0] o . 1007 0 0] 0
2, Phosphorus treatment:-
Salicomia type/ 'S. ‘dolichostachya (A ) S, nitens (B ) S. ramosisgima (C )
phosphorus levels _ ;
Colour grade ' . 2ppm  4ppm 8ppm 16ppm 2ppm 4ppm . 8ppm 16ppm 2ppm 4ppm .8ppm 16ppml
- 100Z 100% 1007 1007 837% 33.33% 1007 0 0 0 0o 0
; - - 0 0 o . o 0 66.77% 0 10 0 0 0 0
" -+ 0 0 0 0 16,72 0 0 90 6.7% 10% 0 0
: + 0 0 0 0 0 o o0 0 93.327 90%Z 100 100
3 + o+ 0 0 0 0 0 0 0 0 0 0 0 0
+ + + 0 0 0 0 (o} 0 0

o - o 0 0
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3. Sodium chloride treatment

Table 6.12

(Continued)

4n

4n

2n

Salicornia type/
Sodium chloride levels

5. dolichostachya (A™) -

""" "8, nitens (B*)

- 8. ramosissima (C“)

Colour grade 0.65%7 1.3%7  2.5% 5% 0.65%2 1.3%  2.5%2 5% 0.65%2 1.3%  2.5% 5%
- 100Z  100% 100% 1007% 100 100 0 "0 80% 100 90
- -4 0 0 0 0 0 0 100 100 0 0 10
-+ 0 0 0 0 0 0 0 0 20% 0 0 0
+ 0 0 0 0 0 o 0 0 0 0 100
+ + 0 0 0 0 0 0 0 0 0 0
+ 4+ 0 0 0 0 0 0 0 0 0 0

Key of the colour grade for the distribution of betacyanin in the superficial'tissues of Salicornia plants.

--+8

- & =

+ =
+ + =
+ + + =

Observed betacyanin absent,

Betacyanin can be found in different parts of the fertile segment.

Betacyanin observed in most of the fertile segments of the terminal spike.

Betacyanin observed as a small spot diffused in the‘perianth of few fertile segments.

Observed betacyanin cover most of the perianth and in most of the fertile segments.

* The chromosome number were determined from the root tips of germinated seeds using the

technique described in chapter III.

Betacyanin can be observed in all the fertile segments of the terminal spike and other parts of the plant.,
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betacyanin in the plants of thé three types of Salicornia (S. doli-
chostachya, S. nitens, and é. ramosissima) are'presented'in T;ble_6.12.
These are in the forms of percentages for each of the adoptedvscale
(Table 6,12)for the visual distribution of betacyanin in the super-
ficial tissues of the plants grown under the different treatments of

nitrogen, phosphorus, and sodium chloride.

As pointed out earlier in this chapter, in the 1976 culture ex-
periments the betacyanin colora£ion had deveioped'very clearly in the
plants belonging to S. ramosissima type and S. nitens type, (Table 6.12).
The maximum coloration was developed in 5 p.p.m. nitrogen level, The
colour concentration decreased as the dosage of nitrogen increased.

At 135 p.p.m. nitrogen if aﬁy red colour developed, it was in a form

of small pink spots diffused in the perianth. Though S, nitens devel-
oped red éoloration it was not as intense as in the case of S. ramosissima.
However, in piants-of S. dolichostachya no red coloration was observed
under any of the experimental growth conditionms, (Table 6.12). From

the Table it seems also that. phosphorus deficiency and high con-
centrations of sodium chloride may stimulate the development of the

red colo?ation in the superficial tissue of the plant, but this color-

ation is not well developed, as in the case with nitrogen deficiency.

Betacyanin has not been observed in any of the Salicornia plants
grown in full nutrient solution, Similarly in the 1974 culture exper-
iments (Chapter III) none of the cultured group developed the red color-
ation, even in the progeny of plants whose parents had developed the colour
in the field. In such progeny the pink coloration was observed only
in some of the plants as a small pink purple spbt in the perianth. .
However,'this is in agreement with Dalby's (1965)'observation,that in

culture there is a tendency for the coloration to be reduced in quantity
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and perhaps even to be absent, though present in the parent. In
addition, in the progeny of S. ramosissima grown in full nutrient
solution and under an increased light intensity (Chapter V), the

development of the red coloration was not observed.

From the above discussion, it may be concluded that the dev-
elopment of betacyanin in SaZicorﬁia can be stimulated by nutrient
deficiency and in particular by nitrogen deficiency; It seems this
in part, may explain ghe red coloration of most of Salicormia spp.
found in the upper marsh, which isvusually under nitrogen stress.

In addition, the results of this experiment clearly show that the

three selected types of Salicornia differ in their ability to synthesis
or to develop betacyanin under the conditions wﬁich favours its
developments. It seems that this is in agreeménf with Dalby's ob-
servations (1962), that betacyanin are more frequent in the diploids .

than in the tetraploids.

6.5 Assessment of value of certain taxonomic characters:-—

In the present study an a'tt:empt: was made to expréss the limit
and the variability within and between the different types of Salicornia
in quantitative terms. Only the quantitative characters were considered
suitable for further statistical analysis. _These charécters were con—
‘sidered to give, after analysis, desirable and taxonomically meaning-
ful statistics. This approach is as objective as possible and simple
in application. It is important that the characters chosen are not
merely different expressions of the same gene, but show some independent
variation. Because Salicornia is so specialised morphologically,
students of the genus are forced to employ a mixture of purely vegetative
characters, and reproductive characters of the much reduced terminal

inflorescence., Vegetative characters, however, are generally believed
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to be plastic in response to envirommental change. This was tested -
by the application of the particular kind of analysis of-variance

described by Goodman and Paterniani (1969).

Goodman and Paterniani's analysis of variance is essentially
the ratio of variance due to genotype : variance due to environmental
variation + an-error component. In the present study, environmental
factors were~changed one at a time (nitrogen, phospﬁorus, sodium
chloride), and an analysis of variance carried out for each of a
selected.range of characters. Small values of the ratio may indicate
a lack of stability of character expression relative to phe actual
sizes of the observable differences among races. It is necessary
to point out that whilst the environmental factors are varied one by omne.
as experimental treatments, in nature they may vary simultaneously and

may well interact on the final phenotype.

The characters analysed can be placed in three groups:-—

1.~ Vegetative morphological characters.

2.- External measurements of the fertile segment components
in the terminal spike.

3.- The fertile segment ratios, derived from B. These ratios
are measurements of shape and are often believed to be more
reliable taxonomically than linear dimensions. The ratios
are all expressed as 100. x/y, where x and y are means of
linear measurements referred to in B. An Arcsiﬁe trans-
formation was applied to the ratio indices beforeAthé '

statistical tests were carried out.

6.5.1 Results:— -

The results of the analysis of variance are summarised in



Tables 6,13-6.15, with the full numerical data being presented in the

appendix (Tables A6.12-A6.14). All the calculations are based upon the

“growth experiment of 1976.

6.5.1.1. Vegetative morphological characters:-

The results of the analysis of variance in Table 6.13 show that the
morphological charactgrs shoot length, root length, total nugber of
primary branches from the main axis, number of sterile segments in.the
main axis, length of the lowérmost branch from the main axis, and the
terminal spike length show a significant response to both the nitrogen levels
and the genotypes. However; the characters, the angle of branching both
of the uppermost branch/and the lowermost branch from the main axis, and
perhaps the number of the fertile segments in the terminal spike are not
affected by either of these factors. The length of the uppermost branch
from the main axis is not influenced by the nitrogen levels, but it
responds significantly to the genotype. According to the variance ratio
values, the measured vegetative characters unﬁer the nitrogen treatment
can be"ranked'as follows, (the numbers are the variance ratio values):- root
length, 5.92 > length of the uppermost branch, 1.38 > shoot length, 0.97 >
total number of the primary Brénches from the main axis, 0.88 > number of
sterile segments in the main axis, 0.86 > terminal spike length, 0.65 >
angle of the lowermost branch with main axis, 0.63 > length of the loQ;r—
mosé branch, 0.49 > angie of the uppermost branch with the main axis,

0.05 > number of fertile segments in the terminal spike. 0.02.

fn contrast, all the measured vegetative characters are not in-
fluenced by the phosphorus lewvels. Shoot length, root length, total
numbef of the primary branches from the main axis, number of the sterile
segments in the main axis, length of the uppermost branch, and terminal
spike length, show significant differences due to Sclicornia type.

However, according to the variane ratio values the morphological
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Table 6.13 Result of analysis of variance of vegetative

morphological characters in nitrogen, phosphorus

and sodium chloride treatments.

Nitrogen Phosphorus Sodium chloride
treatment treatment treatment
1. Shoot length
Treatment *kk NS kkk
Race kkk k% NS
2. Root length
Treatment *% NS NS
Race Kk K ik NS
3. Total number of primary
branches from the main
axis. '
Treatment kkk NS **
Race kkk %k *k
4, Number of sterile segments
in the main axis,
Treatment kkk NS *%
Race Fkdk *k Kk
5. Terminal spike length.
Treatment *& NS kkk
Race k% %k NS
6. Number of the fertile
segments in the terminal
spike,
Treatment * NS dede e
Race NS NS NS
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Table 6. 13 (Continued)
Nitrogen Phosphorus Sodium chloride
. treatment . .treatment. .. . . . treatment
7. Length of the lower- .
most branch from the
main axis.
Treatment *k NS %
Race *% NS NS
8. Length of the upper-
most branch from the
main axis.
Treatment NS NS kkk
Race k% * %k
9. Angle of the upper-
most branch with the
mailn axis.
Treatment " NS NS NS
Race NS NS " NS
10. Angle of the lower-
most branch with the
main axis.
Treatment NS NS NS
Race NS NS NS

NS P > .05 (not significant)
* P 0.05 to ;01
*%x P - 0.01 to 0.001

*%% P < ,001
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characters under phosphorus treatment can be ranked as follows:- shoot
length, 2.94 > root length; 2.34 > terminal spike length, 2.24 > total
number. of primary branches, 1.18 > number of sterile segments in the main
axis, 1.18 > angle of the upper branch with the main axis, 1.08 > the
uppeimosﬁ branch length, 0.87 > the lowermost branch length 0.56 > number
of fertile segments in the terminal spike, 0.27 > angle of the lowermost

branch with the main axis, =-.03

In the sodium'chloride treatment, Table 6.13 shows that, the vegetative
characters shoot length, total number of the primary branches, number of
the sterile segments in the main axis, terminal spike length, number of
fertile segments in the terminal spike, and the length of the lowermost
branch and the uppermost branch from the main axis prove to be strongly
affected by the levels of sodium chloride. Furthermore the characters total
number of the primary branches, number of sterile segments in the main axis,
and the length of the uppermost branch are strongly discriminative among
.the'selectéd types of Saliecormia (i.e. races). However, the characters
:gpot length, the angle of branching of the uppermost branch and the lower-
most branch with the main axis are not affected either by the salinity levels
or by the genotype. The morphological characters in the sodium chloride
treatment can be arranged és follows in relation to their variance ratio
values:~ number of sterile segments in the main axis, 0.55 > total numﬁer of
the primary brgnches from the main axis 0.55 > angle of the lowermost branch
with the main axis, 0.44 > length of the uppermost branch from the main axis
0.28 > terminal spike length, 0.17 > length of the lowermost branch from the
main axis, 0.13 > shoot length, 0,02 > number of fertile segments in terminal

spike, 0.01 > angle of the uppermost branch with the main axis, -0.08 > root

length, -0.28.

6.5.1.2, External measurements of the fertile segments:-
Table 6.14, shows that the majority of the fertile segment characters;

A, B, C, D, E, F and D-F (see Figure 3.14) are not affected either by-
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Table 6.1% Result of analysis of variance of fertile

segment components in nitrogen, phosphorus

and sodium chloride treatments.

Nitrogen - Phosphorus Sodium chloride
treatment . . treatment treatment
1. Maximum width of the
2nd segment’ from the
base (A)
Treatment ' NS _ NS NS
Race NS NS *
2, Maximum width of the
4th segment from the
base, (B)
Treatment NS " NS *
Race . NS NS i *%
3. Minimum width of the
3rd segment. (C)
Treatment . NS NS NS
Race NS NS .
4, Length of the segment
D)
Treatment NS NS *
Race NS NS | *kk
5. Total length of the
central flower. (E)
Treatment NS NS *

Race NS ) NS kkk
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Table 6.14 (Continued)
Nitrogen Phosphorus Sodium chloride
.treatment . treatment treatment
6. Observed length of the
central flower, (F)
Treatment NS NS NS
Race ' NS NS *kk
7. Observed length of the
lateral flower. (G)
Treatment * NS NS
Race NS NS *kk
8. Covered part of the
central flower (E-F)
Treatment * NS NS
Race * NS *x
9, Distance between the apex
" of the central flower and
the segment top (D-F)
Treatment NS NS NS
Race NS NS NS

NS

*k

*kk

P > .05 (not significant)

P .05 to .01
3 . .01 to .001

P < .001
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the nitrogen levels or by the race. Character G is affected by the
nitrogen level but not by the genotype. However, the cliaracter E-F

is influenced by the nitrogen vafiation.and by the genotype just

above the non—-significant level, According to the variance ratio values
under.the nitrogen treatment the fertile segment characters can be

ranked és:— E-F, 0.60 > A, 0.14 > B, 0,10 > E, 0,02 > C, -0,005 5 G, -0.03 >

F, -0.04 > D-F, -0,04 > D, -0.05.

With the phosphorus treatment all the fertile segment components
do not show significant differences either in relation to the phosphorus
levels or to the differences between the genotypes. According to the
variance ratio values these can be arranged as:-«ﬁ,.0.65 > A, 0.54 >

E, 0.48 > C, 0.36 > E-F, 0.28 > F, 0.04 > D, -0.03 > D-F, -0.03 > G, -0.16,

Table 6.14 shows that, with the sodium chloride treatment, most
of the fertile segment characters are not affected by the salinity level,
however, the characters B, D, and E show an effect just above the
significance level. All the fertile segment characters, apart from D-F,
are discriminative in response'to SalZicornia types. In relation to
their variance ratio values, these characters can be ranked as:- B, 6.41 >
F, 3.40 > D, 2.93 > E, 2.40 > E-F, 1.93 > A, 0.94 > B, 0.93 > C, 0,78 >

6.5.1.3 Fertile Segment indices:—

From Table 6.15 it appears that all the calculated fertile segment
indices, are not affected by the pitrogen level. However, the indices

and show a slight response to nitrogen factor. All the listed

E E-F
D E+D-F
fertile segment indices are not discriminative ‘in response to the

genotype. According to the variance ratio values, these indices under
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Table 6.15 Result of analysis of variance of fertile segment

indices in nitrogen, phosphorus and sodium chloride

-~

treatments,
Nitrogen Phosphorus Sodium chloride
... treatment . . treatment. .. .. treatment
1. The minimum width of the
segment/Maximum width of
the segment, (9_)
B
Treatment NS NS NS
Race NS NS NS
2. Length of the segment/
‘Maximum width of the
segment., D
. @
Treatment NS NS NS
Race NS NS NS
3. Observed length of the
lateral flower/Observed
length of the central
flower. (E)
F
Treatment NS NS NS
Race NS NS *
4, Total length of the central
flower/length of the
segment. E
@
Treatment * NS *%
Race NS NS %%
5. Observed length of the
lateral flower/length of
the segment, (_G_)
: D
Treatment NS NS NS
Race - NS NS Kk




Table 6,15

(Continued)

Nitrogen
treatment

Phosphorus

. treatment

259.

Sodium chloride
treatment

6. Observed length of the
central flower/length
of the segment, ,F

)

Treatment

Race

NS

NS

NS

NS

NS

7.

Distance between the apex
of the central flower and

the segment top/total length

of the central flower +

distance between the apex of .

the central flower -and the

segment top.(

Treatment

Race

D=F

E+D-F

)

NS

NS

NS

NS

K%k

*%

8.

Covered part of the central

flower/total length of the
central flower + distance

between the apex of the cen-
tral flower -and the segment

top. , E-F
(E+D-F )

Treatment

Race

NS

NS

NS

NS

*kk

Minimum width of the seg-
ment + length of the seg-
ment/ 2 x maximum width of

the segment,

Treatment

Race

C+D
¢ 2B

NS

NS

NS

NS

NS

NS
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Nitrogen Phosphorus Sodium chloride
treatment treatment treatment
10. Maximum width of the 2nd
segment from the base +
maximum width of the 4th
segment ‘from the base/ 2 x
minimum width of the 3rd
segment from the base.
(A+B
2C
Treatment NS NS NS
Race NS NS NS
11, Total length of the cen-
tral flower/total length
of the central flower -
distance between the apex
of the central flower and
the segment top. (¢ E f
E-F
Treatment NS~ : NS NS
Race NS NS *K

NS P > .05 (not significant)
* P .05 to .01
*% P .01 to 0.001

%%k P < .001
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E-F E A+B

nitrogen treatment may be arranged as:- T 0.33 > o 0.10 > G
0.5 > 5> 9-03 .>‘3, 0.04 > =, =0.04 > # ~0.06 > "2'1132’ ~0.07 > E%’ 0.07 >
D . D~F . -

B 0.09 > m, 0.13.

With the phosphorus treatment none of the fertile segment indiqes
show significant variation, either in response to the phosphorus treat-
ment, or to the Salicornia type. However, according to their variance
ratio valﬁes, those characters can be ranked as follows:; %; 0.95 >
Fo c G _C+D G D

D’ 0.58 > B 0.38 > o’ 0.31 > 7B’ 0.30 > L 0.26 > B

A+B
2c’
E-F E " 'D-F

E+D-F ° ~0.02 >"ﬁ' 0.20 > E:-Z-D-_—F)-, -0.62.

0.59 > 0,23 >

Table 6.15 shows that all the fertile segment indices, apart from

. E D-F " Yas
the ratios 3-and Fio-p 2re not_affected_by the salinity levels. How~

E G F °~ D=F " E-F

ever, the indices S E G F - an&
’ F* D’ D’ D’ E+D-F * E+D-F

"E

‘ T appear to be
influenced by the genotype. According to the variance ratio values,
the fertile segment indices under sodium chloride may be arranged as:-—

G E~F E E G © D=F 0.70 >

D° 3.04 > =T * 2.59> = 2,12 > D? 1.46 > 7 1,19 > “E+(D-F)’
L, 0.62 > %, ~0.02 > <, =0.07 > &2, -0.16 > 3, -0.19.

6.5.2 General conclusions:-—

Experimental nitrogen levels have a highly significant effect
on most of the vegetative characters, and similarly the selected geno-
types responded significantly differently. The phosphorus levels effect
on these characters is just above the non-significant point, but the
selected genotypes‘again responded diffetently. Whilst sodium chloride
shows more variation and generally exerts a significant effect on
the morphology, most of the vegétative characters show no response
between the genotypes. However, from the presented data, the vege-
tative characters, total number of the primary branches from the main

axis, number of sterile segments in the main axis, and the length of
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the uppermost branch from the main axis showed a significant response
dué to the genotypes under the experimental levels of nifrogen, phos-—
phorﬁs and sodiﬁm chloride. While the angle of the uppermost branch
and the ‘lowermost branch with.the main axis and perhaps the number of
fertile segments in the terminal spike appear to be less influenced

by such factors.

The fertile segment components generally showed no effect to
the experimental treatments, and in particular to nitrogen and phos-
phorus lévels. Almost all the fertile segment characters slhow no-
significant résponse due to the genotype under the nitrogen and phos-
phorus treatment. Howe#er, under sodium chloride treatments the char-
acters B, D, E, F, and G show a significant difference between the

genotypes.

Fertile segment ratios also appear not to be affected by the
experimental levels of nitrogen, phosphorus and sodium chloride, Further-
more these indices also do not show a significant response to the
differences bétween,the genotype under nitrogen and phosphorus treat-
ments whilst under the sodiﬁm chloride treatment only the ratioé-%,

G D~F E~F '

D* FiD=F and T DF show a significant response between genotypes.

6.6. -Taxametric studiesg:—

For this purpose the selfed progeny of eight Salicormnia plants
belonging to 8. dolichostachya group (3 plants), S. nitens (2 plants) and
S. ramosissima (3 plants) were selected (Table 6.16)., The progeny were
cultured in the complete nutrient solution in conjunction with the
nutrient experiment of 1976 at a sodium chloride concentration of 2.5

percent,
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Table 6.16 The Salicornia types and the mean values for the variables used in the taxametric study.
Salicornia groups S. dolichostachya S. nitens S. ramosissima
Characters . .
;) decumbant| erect |erect erect erect strict more still more
‘ o ' spreading | spreading
I. Vegetative Characters
1. Shoot length. 26.95. 24,98 118.29 . 25,47 229,16 26,67 25.100° 30.69
2, Root length 7.92 10.80 7.80 9,60 10.50 7.54 8.52 8.68
3. Total number of the primary 38.40 | 36.57 | 35.60 50. 67 46.73 43.53| 44.33 44,53
branches from the main axis. .
4. Number of sterile segments in 19.20 |18.13 | 17.67 25,27 23.09 21.40 | 22.25 22.33
the main axis.
S. Length of the lowermost branch 7.30 9.17 | 8.01 9.17 12.58 11.89 9,93 8.93
from the main axis. '
6. Length of the uppermost branch 1.09 | 1.05| 0.78 1.13 0.87 0.59| 0.50 0.60
from the main axis.
7. Terminal spike length 1.55 | 1.13| 1.16 1.47 1.16 0.66 | 0.43 0.85
8. Number of fertile segments in 5.87 | 5.00| 4.60 7.87 5.36 3.93| 2.18 5.13
the terminal spike. _ o
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Table 6. 16 (Continued)

Salicornia groups. S. dolichostachya 5. nitens S. ramosissima
) .
‘Characters decumbant | erect | erect erect erect | strict | more still more
spreading| spreading
4 o ‘ ~ o 7 " Yy 3
9. Angle of the uppermost branch 52,00° | 25.67 | 36.67 32.22C? 49,55 | 31.00 34,58 61.43
with the main axis.
o @
10. Angle of the lowermost branch ° ° 0 0 o e
with the main axis. 40.00 26,67 | 32,00 42,78 55.46 | 21.33 30.00 46,15
II Fertile segment components
1. Maximum width of the 2nd segment 3.81 3.45 | 3.52 3,60 3.53 | 2.97 2.99 3,02
from the base (A).
2. Maximum width of the 4th segment, :
from the base (B). 3.49 | 3.28| 3.36 2.98 3.46 | 2.33 | 2.60 2.83
3. Minimum width of the 3rd 2.75 2.23| 2.56 2.45 2.46 | 1.86 1.99 2.11
segment (C). : ,
4, Length of the segment (D). 2.27 2,06 2.22 1.48 1.56 1.15 1.40 1.62
5. Total length of the central 2.30 | 2.53] 2.26 1.83 2.11| 1.90 | 2.00 2.11
fiower (E).
6. Observed length of the 1.99 | "2.04| 1.86 1.53 1.47 1 1.15 | 1.30 1.43
central flower (F) v
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- Table 6,16 (Continued)
Salicornia groups S. dolichostachya S. nitens S. ramosissima
Characters decumbant{ erect| erect | erect | erect strict| more still more
> spreading spreading
7. Observed length of the lateral 1.11 | 1.01 | 1.34 | 0.73 | 0.65 0.57 | 0.80 0.93
flower (G). .
8. Covered part of the central ‘
9. Distance between the apex of -
the central flower and the 0.28. .. 0,03 | 0.3 | -0,58 0.90 0.00 -0.10 0.19.
segment top (D-F) : . .
IIT Fertile Segment indices
1. The minimum width of the segment/ . '
maximum width of the segment'cg) 79.0 72,0 | 76. 82,0 71.0 79.0 77.0 75.0
B
2. Length of the segment/maximum 65.0 | 64.0 |66.0 | 49.0 |45.0 5.0 | 56.0 57.0
width of the segmentcg)
‘ B
3. Observed length of the lateral
flower/Observed length of the 56.0 50,3 | 72.0 48.0 44,0 49.0 62.0 65.0
central flower ,G
@
4, Total length of the central flower/ , .
Length of the segment (Eg; 101.0 120.9 1102.0  {124,0 {135.0 144,0 143.0 130.0
5 .
5. Observed length of the lateral
flower/Length of the segment 09) 49,0 49.0 | 60.0 49,0 42,0 43.0 57.0 57.0
. D
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Table 6.16 (Continued)

Saliecornia groups

Characters

S. dolichostachya

S.

nitens

5. ramosissima

decumbant

erect

erect

erect

erect

strict

more
spreading

still more
spreading

6.

Observed length of the central
flower/Length of the segment (F)
‘ D

88.3

9.4

84,0

104.

94

87.3

93.

88.3

Distance between the apex of the

central flower and the segment top/
total length of the central flower
+ distance between the apex of the
central flower and the segment top

- _D-F
—)
E+D-F

10.8

2.89

13.7

4,0

5.0

8.3

Covered part of the central flower

/total length of the central flower

+ distance between the apex of the

central flower and the segment top.
E-F

o)

E+D-F

12.0

19.7

15.0

17.0

29.0

39.0

33.0

29.0

Minimum width of the segment +
length of the segment/ 2 x maximum
width of the segment -C+D:

: 2B

72.0

65.8

71.0

66.0

58.0

- 65.0

65.0

66.0

10.

Maximum width of the 2nd segment
from the base + maximum width of
the 4th segment from the base/ 2 x
minimum width of the 3rd segment
from the base . A+B

20

133.0

143.0

134.0

134.0

142.0 |

142.0

140.0

139.0
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Table 6.16 {Continued)
Salieornia groups S. dolichostachya S. nitens S. ramosissima
Characters
decumbant | erect |erect erect erect strict more still more
spreading spreading
11. Total length of the central flower 740.0 493.0 1565.0 625.0 329.0 250.0 286.0 310.0

/total length of the central flower -
distance between the apex of the
central flower and the segment top.

E
G
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In the previoué section (6.5), the majority of the characters
tested i.e. vegetative, fertile segment components and fertile segment
ratios responded significantly in conjunction with the genotypes
(i.e. races) under the nitrogen and sodium chloride treatments. In
the present investigation 15 mature plants were measured for each .
progeny line, each plant being scored for the 30 vafiables examined
in the nutrient studies. These characters are listed with their mean

values, for each of the selected types in Table 6.15.

Then these variables for the eight progeny lines were ordinated by
principal_components analysis (see Chapter IV, 4,7). As pointed out
earlier such a technique is useful in evaluating the relationships
between closely related groups of plants or animals. Although it is
true that the technique §f principal components analysis is not free
from criticism and is known to‘introduce some distortion in the display
of relationships, the method has proved valuable in many studies in revealing

major groupings and general trends.

The present analysis was applied to detect how far these progeny
lines or types remain distinct in terms of these variables under uniform

growth conditions.

The result of the analysis is given in Figure 6.40. Viewed as a
whole the eight progeny lines form three well separated groups. Axis
one separates S. ramosissima group from S. dolichostachya group. This
Sseparation is’probably due to the following characters; total number of
primary branches from the main axis, number of sterile segments in the

main axis, length of the uppermost branch from the main axis, the

terminal spike length, the fertile segment components: A, B, C, E, F,
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Figure 6.40 : Diagram shows the scatter blots of the 8 types

of Salicornia analysed by Pricipal Component

Analysis(Based on their morphological characters).

The continuous line encloses the same named species.
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E-F E
E+(D-F)’ E-F* 25 the mean

E~-F, and the fertile segment ratios %;
values of these variables show marked differences betweén the types of
each group (Table 6. 16). The Salicornia nitens group shows an overlap
between the S. ramosissima group and S. dolichostachya group on axis
one. Héwever, this is to be expected since for most of the above
characters S, nitens comes between S. ramosissima and S. dolichostachya
(Table 6.16). Axis 2 separates the S, nitens group from both the
S. ramosissima and the S. dolichostachya groups. It seems this is mainly
due to the following charactérs, total number of primary branches from
the main axis, number of fertile segments in the terminal spiké, the
fertile segment component D-F and the fertile segment ratios %3 %u

The figure shows also that within each group (or cluster on the
ordination diagram), there is considerable scatter particularly for
S. dolichostachya and S. nitens. However, this is probably due to the
angle of branching between the uppermost branch with the main axis, and
the lowermost branch with the main axis. Though probably not of gréat

taxonomic significance, these characters nevertheless show great

numerical variation.

Though such analyses were carried out on a limited number of
Salicornia types, due to the high uniformity of the growth conditioms,
the evidence supports these three groups of Salicornia being regarded
as distinct, at least statistically, However, the characters, number of
sterile segments in the main axis, total n@mber of primary branches
from the main axis, length of the uppermost branch from the main axis
and, probably, the terminal spike lenéth, played an important role in

the separation of these groups.,
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Figure 6.41 Shows the level of significance (%-test), between

the four nitrogen levels for the measured vegetative

characters of Salicornia dalichosﬁachyé (A).

NS P > ,05 (not significant) TANK NO. : Nitrogen level
* P .05 to .01 : 3A : 5 p.p.m.
*% P .01 to .001 ©4A : 15 p.p.m.
* dek P < .001 5A t 45 p.p.m.
6A ¢ 135 p.p.m.
. 3A . 4A 5A ,6A . N i3A 1 6A 5A; 6A
T o b
! H | ' ' ot ; ' . ' '
By : ' : ! H . [] ;
H [ ' ] ' . 1
3 NG b ; P
Ced Ry 1] ] : . : :
B e ‘ ' | :
A JEEE BN ' ' ‘ '
LTt . : ; . :. '
SA |xxx | #xxli: ! E 5A | *ak Lax [T E
- ¢ PR 1
6A  exx | Ns [+ FENU 6A | Ns |Ns |

1. shoot length | 2. Root length

3A  4A 5A  6A 4A , 5A .6A

2 : i ‘ ; : E é : :
NP L ool
N b :

; ' : : N : : :

? 1 H 1 . H

N ¢ L : .

GAmRx BN 0 4A P
SA | *%kx | xkx E&; ] | S5A | *%x | kx% 53;\i ;
By T TN ! \ '

6A | *** | Ns ! 6A | x%x | Ns 5

Iy

3. Total number of primary branches * Number of sterile segments
from the main axis. in the main axis.
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" (Continued)

. .Figure 6,41

Length of lowermost branch

6. Length of uppermost branch
from the main axis.

1n axis.

from the ma

5.

8. Number of fertile segments

*kk [kkk

6A } NS

in

7. Terminal spike length.

the terminal spike, .

9- Angle of the uppermost branch

Angle of the lowermost
branch with the main axis.

10.

with the main axis.
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*. Figure 6.42. Shows the level of significance (t-test), between

the four nitrogen levels for the measured vegetative

characters of Salicornia nitens (B). -

P > ,05 (not significant)
P ~ .05 to .01 3

P .0l to .001

*%%x P < ,001

. 4B, SB, 6B .
P

‘ ‘ ! !
) 1 ! e v
BBEDNG 11
Tesiisi N : ) “a

i B . ' '
4B | #xx N : i
L : :

' ‘

5B |*x%x%x | %% ' :
]

68 l#xx | ng |#xx [ ;

1. Shoot length

3B 4B 5B 6B
. : ¥ ; ;
S
TN { . ' '
. ' ‘ | |
i N \ { '
e 1 ; :
N i :
4 B *XkX r’.:-.‘ N : :
N '
5B | ***% | k% ;%,«E g
6B | #%% | NS | **% X

3.

Total number of primary branches
from the main axis.

TANK NO. : Nitrogen level
3B : 5 p.p.m.
4B : 15 p.p.m.
5B : 45 p.p.m.
6B : 135 p.p.m.
W i3B 4B 5B 6B;
=) . : [} ]
N ; A
A
3B N : : E
R
4B | NS : : :
' 1
5B *% NS H
6B |** |NS i

2. Root length.

w
=

6B

4 | #xx[EED P
SB *xk 1 ;
6B | ##x| ns | #*
b. Number of sterile segments

in the

main axis.



274,

e o m e G W e e s e ————

1n axls.

terminal spike.

k%%

Length of uppermost branch

from the ma

in

8. Number of fertile segments

6.
5B
6B

1n axis.

k%% [

%k %

NS

- ‘Figure.6.42 (Continued)

Length of lowermost branch
from the ma

4B {**%
Terminal spike length,

6B

5.

6B [kkk [kkk [ kkk

xkk |7

"a s
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S e N
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75
i3

*%k
k%%

%k %k

5B [NS
6B

10. Angle of the lowermost
branch with the main gxis.

1n axis.

9. Angle of the uppermost branch
with the ma
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~+ -Figure 6.43 Shows the level of significance (u?test), between
the four nitrogen levels for the measured vegetative:

characters of Salicornia ramosissima (C).

NS 'P > .05 (not significant) TANK Nd. ¢ Nitrogen level
* P- .05 to .01 _ ‘ 3C : 5 p.p.m.
* P .01 to .001 . 4C ¢t 15 p.p.m.
*k % P < .001 ' 5C ¢ 45 p.p.m.
~ 6C : 135 p.p.m.
, 3C , 4C , 5C, 6C. iAC *5C !'6C ;
» . . ' . H H 1 1
Ne o S
SN i ‘ : i : : : :
: 1 ] i '. : . ]
3C T 3C O
‘ i ] N : ' '
\ ' ' . ] ' i )
t | 1 . . ' '
4C .} *** 12N ' ' 4C | NS 5 : '
WTeagh : ] 1 {
53 M : ¢ . : l‘
5C | ®Ex | Rxk {TEON E 5C | NS ]
6C | *xx | xxx | *xx 2 K 6C | NS | NS | * q

1. Shoot length : 2. Root length,

. 3C. 4C, 5C.6C . . 3C , 4C ; 5C : 6C .
N o S
! . ; ] ] : : .
oo b b :
1 1 ' ! :
3C i E E i ..: N 1 H
N i : ' h : : '
‘ £ : ! : : ! :
AC IFREEEANS 1 4c ' ; :
- ' : ™\ '
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- Figure 6.43 (Continued)
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N . - . > e ! : -
7 Figure 6.44 = Shows the level of significance (tixést) between.

the four phosphorus levels for the measured vegetative

characters of Salicornia dolzchostach,/a (4).
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-(Continued)

Figuré 6.44
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Figure 6.45 Shows the level of significance (E;test), between

the four phosphorus levels for the measured vegetative

morphological characters of Salicornia nitens (B).
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Figure 6.45
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Figure 6. 46 Shows the level of significance (t-test), between

the four phosphorus levels for the measured vegetative

characters of Salicornia ramosissima (C).
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(Continued)

Figure 6. .46
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Figure 6,47 Shows the level of significance (t-test), between

the four sodium chloride levels for the measured veget-

ative characters of Salicornia dolichostachya G&)
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Figure 6.47 (Continued)
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Figure .48 -Shows the level of significance (t-test), between

the four sodium chloride levels for the measured

vegetative characters of Salicornia nitens (B“)
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Figure 6.49 Shows the level-of significance Gf—testl, between
the four sodium chloride levels for the measured

vegetative characters of Salicornia ramosissima (C.
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Figure 6.49 " (Continued)
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CHAPTER VII

FIELD STUDIES

7.1 Soil analysis of Salicornia populations:-

In the present study the greenhouse experiment illustrated that
Salicornia showed a wide range of variation in morphological response
to levels of nitrogen and sodium chloride, and a narrow range of
variation to levels of phosphorus (Chapter V and VI)., 1In the study
»of field responses a knowledge of the actual concentrations of nutrients
in the field must be related to the scale of Qariatioﬁ induced by
modifying the culture nutrient levels. This approach should go some-
way to helping in the separation of the phenotypic components involved

in the morphological variation encountered in nature.

7.1.1. Collection of.the s0il samples:-

All the soil samples used were collected during the summer (August -
September) of 1976.; The soil samples were collected from three different
salt marshes on tﬁé:British coast; these were Shingle Street, Suffolk
(-TM 374 445 ), Warham, Well - next to the sea, Norfolk (942 44-45)
and Northney, Hayling Island, Hampshire (725039). The soil samples were
collécted.from areas where avnumber of Salicornia plants had been ob-
served along a transect through the Salicornia zone in each marsh. The
transect usually started from the neap tide zone area (lower marsh) and
continued upto the upper limit of the Salicornia populations. Soil samples
were also collected from several populations which gccupied similar
habitats, and which might belong to similar types of Salicornia. This

was relatively easy to achieve on the Shingle Street marsh as it seems

that most of the populations are physiographically distinct (Figuré.7.1,
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Table 7.1), but in the case of the Warham marsh the Salicornia populations

or aggregations form a mosaic pattern.

.From each population five soil samples were taken, Eacﬁ sample
was about 7.0 cm. in diameter and 15 c¢m, in depth. This depth was
chosen on the basis of being approximately the standard root length
of annual Salicornia spp. Since the marsh soil is wet, the extraction
was made in one cut with the help of a trowel. The field samples were
put directly into clean polythene bags and brought to tﬁe laboratory
as soon as possible., Then the soil samples were cut into small pieces
and spread over a newspaper in the greenhouse and allowed to dry com-
pletely at normal air temperature, 4The air-dried soil samples were
ground gently in a mortar and sieved through 2,00mm sieve, and stored

in dry clean polythene bags and kept in the dark before the analysis.

7.1.2 The method adopted for the soil analysis:-—

The 'soils were analysed for their total nit:ogen, total phosphorus
and sodium; The anélyses were carried out according to the method adopted
by Stewart et a1.(19§4). Solutions for the total nitrogen analyses were pre-
pared by Kjeldahl digestion, using one tablet of sodium sulphate (each
tablet contained lgm of Na2 S04, supplied by BDH) as the catalyst,
Nitrogen was estimafed with an auto—-analyser using the indophenol
blue method. Phosphorus and sodium were extracted by a wet oxidation
method utilising nifric acid, hydrochloric acid, 60% perchloric acid
mixture (20:5:5 V/V respectively). Phosphorus was then estimated with
the auto—analyser using molybdenum chloride as the reducing agent.

Sodium was estimated using an SP 90 spectrophotometer (IL151 Atomic
Absorbtion spectrophotometer, flame emission). Through all the analyses

blank controls (digested with reagents alone) were carried out,
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Table 7.1 .Shows brief description for the habitat of the

collected soil samples collected from Shingle-

Street, Suffolk and Northney, Hayling Island,

Equivalent soil
sample reference
number

Brief description of habitat,

1. Shingle Street,

Suffolk

1.

Lower marsh - plants form almost closed pop-
ulation of Salicornia (may be tetraploid),
which was usually at the river side (on edge
of the creek), which was affected directly by
the tide.

Lower marsh — Salicornia (tetraploid group
Salicornia dolichostachya), plants could be
found with very rich vegetative growth, the
plants somewhat separated from each other,

Lower or middle marsh — Rather similar to

soil sample 1, where the soil was a little bit
drier than soil number 1, in this habitat
Salicornia population mixed with other species
particularly at the outer edge of the population
Halimone portulacoides was a dominant invader.
Lower or middle marsh - similar to soil samples
1 and 2. Salicornia plants apparently diploid,
but with good vegetative growth.

The soil of this habitat was formed at the
edge of pool which was indirectly connected
to the sea. Salicornia plants occupying this
site grew well and were well spaced. Three
morphological types appeared to be present,

Upper marsh - Soils collected from a depression
where the water accumulated in the form of a
pool, Salicornia was found in dense patches
around the pool - The soil was very moist with
a black organic layer below the surface.

Upper marsh - Free from tidal access — soil was
very moist, covered with small dense Salicornia,
pink in colour - There were depressions where
water accumulated in the form of small pools.
Salicornia grew at the edge of these small pools
more luxuriantly.than in the surrounding areas.
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Table 7.1. {Continued)

Equivalent soil
sample reference
number

Brief description of habitat

II. Hayling Island

(Northney), .

HamEshire.

1A, 1D, 1E

1B, 1C

Lower marsh - Soil samples were collected
from the edge of the creeks, Salicornia plants
of these populations looked very rich in

" their vegetative growth; they could also be

found a little distance away from creeks,
but still within the range of the tide.

Lower marsh ~ This may be considered as the
extreme lower marsh habitat - Plants (Salicornia
dolichostachya) usually bushy and with very

long terminal spikes, and usually found a little
separated from each other.

Upper marsh - In this habitat Salicornia
plants usually with red colour, soil was
very moist, and away from the direct range
of the tide.
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The analytical results for sodium were converted to p.p.m. by
means of a standard curve. Tbé results obtaingd in p.p.m, for nit-
rogen, phosphorus and sodium (Appendi#, Tables A7.1-A7.3) are presented in
the form of peréentages. The following formula was used for trans-
forming the p.p.m. ;eading_obtainea from the graphs and curve in to

percentages:—

Z = C (p.p.m.) x solution volume (ml).

10% x sample weight (gm).

7.1.3 Results:~-

The results from the 124 soil samples, from the three salt marshes
(for each soil saﬁple three sub samples were analysed), for total nit-.
rogen, phosphorus and sodium are given in Tables 7.2—7.45 in percentages,
showing the ranges (minimum - maximum), means and their standard

deviations for soil samples from each Salicornia population.

7.1.4 Discussion:-

Tables 7.2-7.4 reveal that the total nitrogen content varies
considerabl& over e;ch marsh, and in particular between the soil samples
f?om the lower and fhe upper marsh. In the three salt marshes the total
nitrogen level in the upper marsh soil reached twice the amount of the
lower marsh soil samples. Moreover, the range of variation varies con-
siderably from marsh to marsh, For examplg, the range of variation
of the mean values for total nitrogen between the soil samples of
lower marsh at Shingle street was 0.05%Z (0.24% - 0.29%), for Hayling
Island, 0.12% (0.287 - 0.40%), and for Warham, 0.17Z (0,097 - 0.263%)
(Tables 7.2-7.4), For the upper marsh samples, corresponding values
were, Shingle Street, 0.12Z (0.57%Z ~ 0.69%), Hayling Island (0.63%
from one population only), and Warham, 0.3% (0.22% - 0.52%) (Tables

7.2,7.3 &7.4 ). Total nitrogen levels thus seem to be much more variable
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Table 7.2

Shows minimum, maximum, mean and standard deviation for total nitrogen, total

phosphorus and sodium for the soil samples collected from Salicornia populations

.on Shingle Street.,Suffolk.

The elements

- Total nitrogen (%)

“Total phosphorus (%)

Sodium (Z)

Soil sample _ ‘ o
number and habitat Minimum {Maximum | Mean S.D.LMiﬁimum Maximum | Mean| S.D. |Minimum|Maximum| Mean| S.D.
Lower 1. 0.24 | 0.28 |0.26(+0.02{ 0.9° | 0,11 |0.09|+0.009] 1.12 | 1.33 | 1.22{+0,08
marsh -
populations | 5 0.21 | 0.28 | 0.24/+0.02] 0.08 | 0.09 |0.09|+0.005| 0.98 | 1.09 | 1.06|+0.04
Lower 3. $0.23 | 0:28. | 0.26(+0.023 0.08 | 0.09 | 0.09|+0,004] 0.91 | 1.03 | 1.02|+0.08
marsh (or '
middle 271 0.93 | 029 U P
marsh) be 10.277] 70,33 | 0.29|40.026 0.09 | 0.10 | 0.09[+0.005{ 0.80 | 1.0l | 0.91|+0,08
populations ,
5. 0.27°|" 0.29 |0.29|+0.009 0.09 | '0.09 | 0.09 |+0.00 | 0.92 | 1.24 | 1.05|+0.12
Upper 6. 0.36.| 0.70 |0.57(+0.13| 0.66 | 0,08 | 0,07 |+0.008| 1.09 | 1.60 | 1.32|+0,22
 marsh . ,
populations | 0.60 | 0.84 |0.69[+0.09| 0.10 |. 0.12 | 0.11[+0.008| 2.17 | 2.37 | 2.28{+0,11
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Table 7. 3 Shows minimum, maximum, mean and standard deviation (S.D.).for total nitfogen, total

phosphorus and sodium for the soil samples collected from Salicornia populations in

Northney, Hayling Island.

.

The elements

Soil sample

Total nitrogen (%)

Total phosphorus (Z)

Sodium (%)

number and habitat Minimum | Maximum|Mean | S.D. | Minimum Maximum Mean | S.D. Minimum| Maximum| Mean| S.D.
1A 0.26 0.30 |0.28 40,02 0.08 | ©0.08 {0.08|+0.00 | 0.88 | 0.94|0.90+0,03
1B | 0.25 | 0.34 [0.29 |+0.05 | 0.07 | 0.08 |0.07 |+0.006] 0.98 | 1.07 |0.96 40,13
Lover marsh 1C 0.35. | 0.40 [0.38 |+0.03 | 0,09 | 0,09 (0,09 |+0.00 { 0.87 | 1.07 {1.00(+0.11
populations 1D 0.35. ) 0.37 |0.36.|+0,02 | . 0.09 | 0.09 {0.09 |#0.00 | 0.93 | 1.14 |1,03}+0.10
1E 0,33 | 0.43 0.39 |40.06 | 0.08 | 0.09 .09 |+0.006] 1.04 | 1.2 |1.12 40,08
Upper marsh 2 0.56 | 0.67 0.63 40,06 -* - - i+ - - - -+ -
populationg : : '

* These values were omitted because most of the samples contents were lost during the

digestion due to it's sandy texture.
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Table 7.4

Shows minimum, maximum, mean @nd standard deviation for total nitrogen, total

phosphorus and sodium for soil samples collected from Salicornia populations

in Warham Wells = next to the sea, Norfolk.

The elements .Total nitgogen (72) Total phosého?us (%) Sodium-(Z)

S&il sample ‘ ‘

number and habita Minimum | Maximum | Mean | 'S.D. .Minimum Maximum|Mean S.D. ||Minimum|Maximum|{Mean | S.D.
1A 0.09 | 0.15 |0.09 |+0.02 =% - - |- - - | - |-

Lower marsh 1B 0.17 0.23 10.19 +0.03 0.07 0.0%9 [0.08 +0.01 0.64 0.75 |0.71 +0.06

populations 1C 0.04 | 0.34 [0.14 .10.15 0.09 | 0.10 [0,09 |+0.003] 0.24.| 1.07 |0.66 +0.59
1D 0.04 | 0.09 [0.06 |+0.02 || - - |- |*- - - | - |+~
1E 0.18 | 0.23 |0.20 |+0.02 | 0.06 | 0.09 [0.08 {+0.02 | 0.54 | 0.89 [0.72+0.18
2A 0.04 0.18 |[0.,09 30.05 0.04 0.06 |0.,05 +0.01 0.36 0.52 | 0.45 +0.08

Lower marsh 28 0.23 0.32 |0.26 |+0.03 - - - * - - - - |-

populatipns 2C 0.03 0.12 |0.06 [+0.04 - - - * - - - =[x -
2D 0.16- | 0.24 |0.18 |+0.03 - - - |x- - - - |+ -

* See the note to the Table 7.3
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Table 7. 4

(Continued)

The elements

Soil sample

Total nitfogen (%)

Total phosphorus (%)

Sodium (%)

number and habitat Minimum | Maximum [Mean | S.D. || Minimum|Maximum|Mean| S.D. [|[Minimum|Maximum{Mean | S.D.
3A 0.12 0.23 0.17 | +0.04 | 0.06 | .0.09"|0.08] #0.01 || 0.45 | 1.20 |0.89 | +0.32

Lower marsh 3B 0.09 0.15 [0.12 [ +0.05 | ©0.05 0.07 [0.06 40.007]| 0.56 | 0.83 |0.67 | +0.12

(or middle marsh] ' :

populations 3 0.14 0.29 0.20 | +0.05 || 0.06 | 0.06 |0.07| 0.01 | 0.57 | 1.19 [0.92 | +0.27
th || 0.33 0.38 0.34 |+0,02 | 0.08 | 0.10 |0.09 | +0.009| 1.09 | 1.27 |1.20 | +0.08
4B 0.19 0.2 [0.22 +0.02 | 0.07 | 0.09 [0.08| +0.007| 0.63 | 0.74 |0.68 | +0.05

Upper marsh 4C 0.29 0.47 |0.34 |+0.07 || 0.09 | 0.11 0,10 Vip;odg o,sém' 1,76 |1.16 +0.40

populations 4D 0.18 0.37 |0.25 | +0.05 || 0.07 | 0.10 |0.09| +0,009] ©0.65 | 1.17 [0.86 | +0,20
4E 0.36 0.66 10.52 | +p.0g || 0.09 | 0.12 |0.10| +0.01 1.07 | 1.98 |1.60 +0.35
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on the higher marsh, with higher maximum, but rather similar minimum,

values,

On the other hénd, total phosphorus levels showed much less
variation than totai nitrogen over a single marsh, and between the
studied marshes. The range of phosphorus mean values for the Shingle
Street population was 0.06% (0.06%Z — 0.127), Hayling Island, 0.02% (0.07% -
0.09%7), and Warham bopulations, 0.087 (0.04Z - 0.12%). However, for
the majority of the soil samples from the three sali marshes the

phosphorus mean values ranged from 0,077 - 0.09Z.

The concentration of sodium, expected to correlate strongly with
sodium chloride salinity, showed a marked range of variation over the soil
samples from a single marsh, particularly between the soil samples of the
upper marsh and the lower marsh populations. The presented data also
shows that this range of variation varies from one marsh to another.

For example, the lower marsh soil from Shingle.Street the sodium mean
values showed a range of 0.31% (0.91% - 1.22%Z), Hayling Island, 0.22%
(0.92 - 1.122), ana;in Warham population, 0.47% (0.45%Z - 0.92%). For
upper marsh samples corresponding values were; Shingle Street 0,967
(1.32% - 2.287), and Warham, 0.74%(0.86% - 1.60%),.(Tables 7.2 - 7.4).
From the presented data it seems that the upper marsh soil has a. higher
sodium value, but this shows a greater range of variation than that for

the lower marsh soil.

In general the%results of the present analyseslfbr the soil water of the
three salt marshes suggest that nitrogen and sodium levels showed marked
increase towards the upper marsh. However, there is greater ranges of variationl
here than for the lower marsh soils. The gradient in phosphorus seems to be
in the same direction, but this is not as clear as those for total nitrogen and

sodium.
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7.2 Comparison of the results of the soil analyses with the growth

behaviour of Salicornia in_ the greenhouse and in the field.

The results of the‘soil analyses from the three salt marshes, that,

for total nitrogen a range of 0.06Z - 0.69Z was obtained. Total nitrogen
does not.of course tell us much about the availability of the nitrogen

"to the plants, but it seems ;hat the majority of the salt marsh soils
analysed are low in their total nit;ogen (At Rothamsted the limit of 0.25
percent of nitrogen were considered for the old pasture on poor soil. While
a richvpasture soil may‘have 0.4 - 0.6 percent of nitrogen, Russell 1967),

with a wide range of variation, particularly between the upper and the lower
regions of the marsh, aﬁd.from marsh to marsh; Such results, probably explain,
in part, the low amountjof'nitrogen required by the Salicornia plants grown
in the greenhouse to achieve their optimum growth, i.e. 15 = 45 p.p.m.
nitrogen (Chapter VI). :Moreover, the Salicornia types grown showed
significant differences in their growth ability (in terms of the measured
vegetative characters) towards the experimental levels of nitrogen and
particularly at the lévei of tﬁeir optimum growth (Chapter VI). Indeed,
froﬁ the results of theisoillanalyses and the greenhouse experiments
(Chapter V and VI) nitrbgen appears to be a limiting growth factor of

Salicornia in the field.

On the other hand, the Salicornia types grown in the greenhouse
did not show a marked rESponse.to the experimental levels of phosphorus
(2 - 16 p.p.m.) in terﬁs of the vegetative characters used. Similarly,
in the field, a narrowérange of variation had been observed from the
soil analyses. This_r;nge was 0.05% to 0.117%, as a minimum and maximum
phosphorus mean value,jdetected from the soils of the three marshes.,
However, the majority 6f the soil samples showed a range of 0.072.—
0.09% phosphorus. Froﬁlthese values and the greenhouse experiments

(Chapter V and V1), one can expect the phosphorus levels to be adequate
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for the normal growth of Salicornia. It would seem, therefore, that
phosphorus cannot be considered as a limiting factor for the growth

of Salicornia in the field.

Concefning the results of the sodium analyses, a wide range of
variation had been observed between the soil samples, particularly
between the upper and the lower marsh region, and also from marsh
to marsh. Génerally, the range was 0.457 - 2,287 sodium as the min~ -
imum and the maximum values detected from Ehe soils of the three
marshes. The morphological behaviour of the Salicornta types grown
in the greenhouée showed a significant reduction in their growth as
-the experimentél 1eveis of sodium chloride increased, (Chapter VI).
In addition, the three types of Salicornia grown also demonstrated
significantly different sensitivities to the experimental levels of
sodiuﬁ chloride, particularly in the range of 1.37 - 2,52, in terms

of their vegetative characters.

In this study nojattempt has been made to determine'the total
nitrogen, phosphorus énd sodium for the Salicornia plant tissues
collected from the field. However, one might expect from the results
of the greenhouse expgriments, that sodium and, in particular total
nitrogen would'have a marked effect on the general morphology of
Salrcornia in the field., But, studies similar to the present one, where
only a limited number;of énvironmental factors (Fotal nitrogen, total
phosphorus, and sodiuﬁ) were investigated, the variation in the morphology
of Salicornia observed must be interpreted with caution in the light of
possible interference from any other unknown factors. For such comparisons
10 populations were sglected. From each population the vegetative
" characters of 15 well developed plants were measured t&bpendix;TableS A7.4-A7.6)

In each marsh the selected populations were chosen so that they occupied
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similar habitats on the marsh (e.g., from the creeks or flat areas),
and attempts were made to ensuré the plants phenotyPically belonged
to simi}ar type, deépite noticeable differences in their shoot'size.
However, this was found much easier to achieve in the lower part of the
marsb. Moreover, the frequent submergence of the lower marsh by the
tide, probably reduces the range of variation in many factors, such
as salinity and aeration. In addition, the lower marsh populations
almost free from the effect of competitor species, as is the case in
most of the upper marsh populations, and also can be considered as
an important interfering factor. So, from the mentioned factors, it
~ seems more practical to compare populations from the lower marsh than

~from the upper marsh.

Table 7.5 shogs the values for the vegetative characters of
Salicornia populatiéns 1B and 1D, 2B and 2C (Warham). The Table
clearly shows that ﬁhe increase in their measurements is linked with
the total nitrogen fontent. Salicqfnia plants from populations 1A
and 1E (Hayling Islgnd; Table 7.6) show a narrow range of variation in
their total nitrogeﬁ and also a narrow range of variation is_observed
in their vegetative characters. SalZcornia plants from the populations
numbered 11, 12, 13, 14 (Shingle Street) show quite similar values for
their vegetative characters and their soils have similar amounts of total

nitrogen (Table 7.7).

On the other hand, the following ranges of sodium had been detected'
from the three marshes; 0.45% - 1.22% in the soils of the lower marsh,
and 0.637 - 2.88Z in the soils of the upper marsh. From a comparison
of these values with the effects of the experimental levels cf sodium
chloride(0.63%, 1.3%, 2.5% and 5%) on the morphology of Salicornia

grown in the greenhouse, one might expect the sodium range in the field
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Table 7.5 Shows the means (X) and standard deviation (S.D.) values for the morphological characters

of Salicormia populations occupying soils differing in their total nitrogen content in the

lower marsh region of Warham.

Population number / 1D 1B - 2C 2B
tal nitrogen - -
Vegetative characters 0.067 ~ 0,197 0.067 0.267%
x S.D. |". X 's.D. X s.D. | X S.D.

1. Shoot length, . 1116.39 42,89 (24,06 .+2,65 (13.64 +2.63|21.33 © $2,76
2. Number of sterile segments in 12,53 +1.68 |14.73 +1.90 [10.13 .. = +2,03]13.9 +2.13

the main axis. - - - -
3. Total number of primary branches |,, 13 4403 |28.8 +1.90 |20.00 +4.00 27,4 +4.53

from the main axis. - - - -
4, Terminal spike length. 2,39 +0.81 | 4.33 +1,78 - || 3.3 +1,06{ 3.59 +0,94

the terminal spike. - - - -

from the main axis. - . - - -

7. Length of tl}e lo‘:rermost branch 7.73 +2.73 | 8.66  +3.5 7.55 +1.44] 9.63 +3.06
.from the main axis. - - - -
8. Angle of the uppermost branch 40° +10.0 [39.29 +7.30 [ 28.7° +4,42[31.0°  +3.16
with the main axis. - . - - —
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Table 7.6‘ . Shows the mean(kx) and standard deviation(S.D.) values for
the morphologiéai characters of Salicornia populations
oceupying soils differeing in their total nitrogen content

in the lower marsh of Northney, Hayling Island.

Population number — 1A 1E
_ Total nitrogen
Vegetative characters .0,28%- - - .. - .0,397.
x S.D. x "s.D.
l. Shoot length ‘ ) , 24,96 - :_3.63 28.97 12.73
2. ?umber of'stenfle segments 19.00 +2.75 19.2  +1.74
in the main axis. - N IR e el
3. Total number of primary 27.60  +5.79 | 38.27  +3.69
branches from the main axis. SR =T TR e
4. Terminal spike length. 2,56  40.56 | 2.97  ¥0.49
3. Number of fertile segments 8.1 +2.77 | 10.06  +1.75
in the terminal spike. - S
6. Length of the uppermost, 1.58 - +0.94 1.77 = +0.42
branch from the main axis. - -
7. Length of the lowermost 14.05  +4.16 | 19.3  +4.64
branch from the main axis. - ' N
8. Angle of the uppermost '
branch with the main axis. 38.89 +6.00 41,43  +6.63
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Table 7.7

Shows the means (X) and standard deviation (S.D.) values for the morphological characters of

Salilcornia populations occupying soils relatively with similar total nitrogen content in

the lower marsh of Shingle Street,

Population number/ 11 12 13 14
tal nitrogen
x s.D. x S.D. | X S.D. |Xx S.D.
1. Shoot length 28. 69 +2.64 | 26,03 +4.01 [26.53 +2.25 127,62 +4.75
2. Number of sterile segments 16.8 +1.66 | 16.33 . +2.06 |16.73 +1.62 [16.55 +2,29
in the main axise. -— T -— - o —
3. Total number of primary 133,560 +3.56 | 32.53  +4.17 |33.6 +2.41 32,4 +4.88
branches from the main axis. - -— -— —
4. Terminal spike length. 5,24 40,88 | .4,05 40.98 | 4.75 40,88 | 5.18 +1.,08
5. Number of fertile segments 14.13 +1.85 | 12.93 +2.02 |14.07 +2.49 [15.18 +2.99
~in the terminal spike, o , - B - D B = =
6. Length of the uppermost 3.00 +0,73 2.19 +0.75 | 2.59 +0.65 | 3.06 +1.04
branch from the main axis. - - -— —
7. Length of the lowermost 12.46 +4,03 | 10.52 +3.90 | - + - 114.2 +4,.67
branch from the main axis. - -— - -
8. Angle of the uppermost 52° +5.60 | 50,67 +2,58 | 56° +10.56 | 50° +6.32

branch with the main axis.,

i 2t R+ b e e e B 2 i e o At <
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could result in a marked effect on the general morphology of Salicornia.
However, it seems difficult with the available data from the field to
demonstrate the effect of sodium alone on the morphology. Nevertheless,
the field observations show that the shoots of Salicornia from lower
marsh populations had better (more luxurious) growth than the shoots

of Saltecormia planfs from the upper marsh, despite the lower marsh soils
containing less nitrogen than those from the upper marsh. Moreover,
Salicornia plants from the upper marsh populations quite often showed
stunted growth and developed the red coloration (betacyanin). These
observations could suggest in part, that if Salicornia plants in the
upper marsh are more subjected to nitrogen deficiency, then this is
probably due to seﬁeral environmental factors which may interfere

with the uptake of‘nitrogen, such as'hyper-saliﬁity, dué to high eva-
poration during summer months, and competition; In addition, there

are genetic differences, (i.e. different species). Both Levitt (1972
and Waisel (1972) belieye that high.salinity may reduce the uptake of
phosphate and, more particularly, nitrate by Salicornia, resulting in

a deficiency of ch}orOphyll and a reddish colour. Ho&ever, Jefferies
(1977) suggested that the upper marsh plants (including Salicornia Spp. )
have slower.growth rates as a result of selection to survive the period

of nitrogen stress during the summer months when the soil is hypersaline.

From the abovg discussion it can be concluded that the detected
ranges of sodium and in particular, nitroéen over a single marsh and
particularly from marsh to marsh could result in a significant effect
on the_morpholbgy of Saliecornia, but that phosphorus levels are likely

to be adequate for: normal growth.
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7.3 Chromatographic analysis of natural populations of Salicornia

The purpose of this study was to investigate the chromatographic
pattern of the phenolic glycosides in field populations of S&Zicbrnia.
It was hoped that the'study might cast some light on geqetiq relation—-
ships in the genus, the possible infraspecific variation and the °
nature of hybridisation. Such work was considered necessary as
very little or no work involving such an approach has been reported

in the genus under investigation.

7.3.1 Collection of the plant material:-

In the present study about 52 populafions of Salicornia occuring
naturally in the field were sampled during the months of September -
October, 1976, Thefspecimens were collecﬁed from the following marshes,
Shingle Street, Suffolk ( IM 374 445 ), Warham, Wells next to the
sea, Norfolk (942 44-45), ﬁor;hney, Hayling Island, Hampshire (725039),
and Pagham harbour,iSussex (875965). F;om each marsh the plants were
collected randomiy from the distinctive Salicornid populations or
" aggregations in the?upper and lower regions of each marsh, Then from
each population or ;ggregation 10 = 15 well grown plants were collected>
from the centre of the community to ensure genetic uniformity as far
as possible, Then fhe collected plant put in clean polythene bags

and éealed, and brought to the laboratory as soon as possible.

7.3.2. Experimental procedures:-

The cut branches for the analysis were firsf washed with distilled water
and then put in the well ventilated oven at 55° - 60d for 48 hours,
and their phenolic élycosides analysed using the.samg technique men-
tioned in Chaptér iV. From eéch plant O.lg. of dried powdered material
was used. About 150 pf of the concentrated methanolic extract (total

volume approximately one ml.) was spotted on the corner of a square
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sheet of chromatographic paper (Whatman No. 1, size 30 x 30cm.). The
chromatogfams were developed two-dimensionally in BAW as the first
solvent and 57 HOAC as the second solvent, and in each case the solvent
front was allowed to reach the other end. The chromatograms were
developed by the ascending method, Then the developed chromatograms
were left overnight in a current of cold air to dry completely and

the spots were made visible in ultra-violet light alone and in the
presence of ammonia fumes. In the case of the BAW solvent the paper

was equilibrated for six hours.

At first 10 individual plants were analysed from a few selected
populations. However, since little if any variationm was observed
in the chromatographic patterns of individuals from the same populationm,

this number was later reduced to 3 — 5 plants from each population.

7.3.3. Results

The results of;surveying the 52 populations of SalZcornia, from
the selected salt marshes, for their phenolic glycosides on paper, are
presented in form of presence/absence (+/-) scores (Table 7.8). The
number of spots for each population is the sum of all the spots which
were detected in two or more individuals (Appendix, Table A.7.4). From
the chromatographic results presented in Chapter IV‘it was found that the
Salicornia annuals showed mainly two chromatographic patterns i.e. those of
Salicornia europaea group and Salicornia procwmbens group. Since these
two plant groups are often separated ecologically (S. europaea group
in the upﬁer marsh,;and S. procumbens group in the lower marsh), in
the present representation of the results the field populations were

referred to as lower marsh and upper marsh populations only.

A master chromatogram has been drawn to show all the spots detected
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Table 7.8 Showing the presence of the phenolic glycosides spots isolated in two-dimensional paper
chromatography for the analysed populations of Salicornia from Shingle Street - Suffolk;

Warham, Wells next to the sea, Norfolk; Pagham harbour, Sussex and Northney, Hayling Island.

A . * . 57
- Spots colour in U.V. + NHj3 . S o &f ¢ £ A? . ) S &
Saltmarsh and e/ A o2, S $ - A S
S/ &/ ) : () A
name and umber
population referencé 3 5 8 10 2 1 2 24 /25726727728
1., Shingle Street.
III ([ + + = = = 4 4+ + = 4+ = = 4 + + + + + "4 + = = 4 4+ = = = =
N + + + = = 4+ 4 4 = + = = + 4+ + = 4+ F = g = = = 4 =~ = = -
Vi l+ +# +# = = 4 4 4 = 4 = = 4+ 4+ 4+ = + 4+ 4+ 4+ = = = 4 == = =
VII | + + + + =~ + + = 4+ = = + 4+ + = + + = 4 = = = 4 = = = =
Lower marsh XC ||+ +# + = 4+ = 4+ + = 4+ = = + + + + + + + 4+ = = + 4 = = = -
populations ’ X1 + + + - + 0+ 4+ = 4+ F = 4+ o+ = 4+ o+ = = F = = = =
XIT || + 4+ 4+ = = 4+ 4+ 4+ = 4+ = = + 4+ + + + 4+ = 4+ = = + 4 = = = =
XITI{| + + + 4+ = 4+ 4+ 4+ = 4+ = = 4+ 4+ 4+ = 4+ + 4+ = = = 4 + = = = =
XIV [+ + + = + + 4 4+ = 2 % = 4 4 4 + + 4 4+ 4 = = = 4 = = = =
I 4 F+ = = = 4+ =+ = = o+ = = 4 o+ = = F = = = -
11 + 4+ = = = 4+ + F = F ==+ o+ = + + + + = = = = = = -
IV + + = = + + + + = F = =+ + + = + + + + = = = = = = =
Upper marsh .
. VIII|l + + = + 4+ = 4+ 4+ = 4+ = = 4+ + + 4+ + + = = = - - = = - -
populations :
IX + + + + + = + + = 4 A+ =+ F o+ = + += F= = = = = = =

* See page 121
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Table 7.8 (Contiﬁued)

Spots colour, in U.V, + s O
J >
o TS
Saltmarsh and & & ‘3,
name and umber

population reference

L/FBL

LI,

N [2 /3 /a slel7ls /9 /10 1112130 /15/16 /17fm/w/20/21/22/23/11./25/25]27/73/99/10[31 [12
1. Shingle Street :
XA[[+ + + + 4+ = + 4+ = 4+ = = % + + R R T N L
upper marsh
. XBll+ = == 4+ = % + = = = = 4+ + 4 . = = = = 4 = = = 4 = = = = 4 = = 4
v gogulatlons ' %
2. Warham ’ ’ '
IAJ# 4+ 4+ + = 4+ + + = + = =+ o+ 4+ + 4+ + + + F+ =+ 4t = g = = g = = -
B[+ + + 4 = + 4 + = 4 = = + + + + + + + + + 4 4 4 = + = = 4 = = =
Lower marsh IC+ + + + = + 4+ 4+ = 4 = = 4+ 4+ 4 = 4+ = = 4 = 4 = = h = = =
populations IDli+ + + + =~ + 4+ + = 4+ = =t F F F = = = g 4 = = f = f = = 4 = = -
) IEjf[+ + + + = + + + = + = = 4"+ + + + 4 = 4 + = = 4+ = 4+ = = 4 = = =
1Ep[[+ + + + = 4+ + + = 4 = = 4+ + 4+ = + + = 4 4 = = 4 = 4 = = 4 = = =
= 04 + + + = + + + =+ = =+ F F = 4+ =t = = = = = = = = -
Lower marsh 0+ + 4+ + = 4+ + 4+ = + = = F ot = e w = f = e = = = = 4 = = e
populations 2B+ 4+ + 4+ = 4+ 4+ 4 = = = e F 4 = o h = 4t = F w = om = = - 4
R 2Boll+ + o+ 4+ =+ + + =+ = = O+ = + - 4+ + -+ = = = = = -
2C [+ +- + '+ <« '+ + + = 4+ - - + + + = o+ = o+ =+t =+ = = + 4+ -
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Table 7.8 . (Continued)

0. Y,
BL/ YG
YG

/

Spots colour in U.V. + NH3 5 g 2
. L] }: ‘h . O . .
Saltmarsh and Ko o) b" Q’ o > :>-. Q‘ ~ ~ )
name and ' of X g é’
v number . =)

1 /23 ]afs]67]8]o /10/11/12/13/14/15/16/17/1!119/20/21/22/2§L4/25/26/27/28[29/30/31/32

population reference
2, Warham population
2Cy + 4+ + + = 4+ + + =+ = =+ o+ + = + + + + + = o+ F = F = = 4 = 4 -
Lowermarsh o U U
populations ' 2D; e
‘ 2D4 + + = =t = f e = d t F m om m m o = = o = F e = e o = o=
3A + + + + =+ O+ = b = = = = = == 4 o= o 4t o= D e g = = -
Lowermarsh 3B '+ = + + = + 4+ + =t = =+ o+ + g = = = o F e b b = = ew o m = -
(middle marsh) populations { 3C [+ + + + = 4+ 4+ + = + + = + + + + = = = + + = + + = 4 = = = = = =
C : : 4A R S T e e e T TR L
Upper marsh 4B + = + + - = + = g = = b F = = m e == = e = = - -
populations 4B) |+ = 4 = =~ 4 = = e = = e = e e e = = o~ = = = e ==
4C] [+ = = == 4 + = = e f = f f = = = e = = e = = = = = = -
4C2 14 ~ =~ =~ = R R A R R A I A A
4D + = = 4+ = 4t F = F = =t F F = = e e e e e e 4 = w = e e = =
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Table 7. 8 (Continued)

-
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from these populations, and the spots were given the same number as
on the master chromatogram of the cultured Salicornia spp. (Figure

4,3., Chapter IV),

7.3.4. Discussion:-
It can be seen that the master chromatogram for the analysed
Salicornia populations is similar to that for Salicornia plants

grown in the greenhouse (Figure 7.2).

The chromatographic results from the Shiﬁgle Street populations
show that spots numbered '1 (orange-yellow in ultra violet with
ammonia) 7, 8 (Fluorescent yéllowish-green in ultra vioclet with
amﬁonia), 10, 15 (blue sometimes fluorescent blue in ultra violet
with ammonia), 13, 14 (blue sometimes yellowish green in ultra violet
with ammonia), 2, 17, 18 (yellowish~-green in ultra violet with
ammonia) and probably 20 (bright orange yellow in ultra viclet with
ammonia) were found in almost all the populations énalysed. The
spots numbered 3 and 6 (orange yellow in ultra violet with ammonia)
were more frequent in the chfomatograms of the lower marsh populations

(Table 7.8).

In the Warham population (Table 7.8) it is found that the
spots numbered 1, 7,18, 10, 15 and 13 are common to almost all
the populations analysed. However, spots numbered 2, (yellowish
green and blue in ultra violet with ammonia) 3, 4, 6 (orange yellow
in ultra violet with ammonia) and 20 and probably 21 (orange-yellow
in ultra violet with ammonia) are restricted to the chromatograms

of the lower marsh populations, (Table 7.8).
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Similarly chromatograms, from populations on Pagham marsh show
that the spots numbered 1, 7; 8, 10, 15, 2, 17, 18, 23, 13, 14, and
probably 20 are present in the chromatograms of all the population
analysed. However, the spots numbered 3, 4,aﬁd 6 are found in the

lower marsh population chromatograms only, (Table 7.8),

The chromatograms of the lower marsh populations from Hayling
Island show that the spots numbered 1, 7, 10, 13, 14, 15, are common
to almost all the chromatograms of the populations analysed. 1In
addition, the spots numbered 3, 4 and 29 (dark orange-yellow in ultra
violet with ammonia) were detected in the chromatograms of these pop-—

ulations.

From the present study of the chromatographic patterns of the field
populations, it is very clear that the spots numbered 1, 7, &, 10, 13, 15
and probably 14 are common to almost all the populations analysed from
the selected salt marshes., Moreover, the chromatographic patterns
of the populations ih eacﬁ marsh differed, in general, between those
of lower marsh and upper marsh populations. It seems that this diff-
erence 1is maigly duezto the presence or absence of the spots numbered
3, 4, and 6 and, in some cases the spots numbered 20, 21, and 29,
However, there is a little variation from marsh to marsh in the number
of the detected spots which varied between the lower and the upper
marsh., The data also showed that the lower populations in each marsh
showed a high simila?ity in their chfomatographic patterns, whilst
in the chromatograms%of the upper marsh populations more variation

was observed.

From the chromatographic data, it seems important to point out

that a spot or spots can be found frequently in populations from one
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marsh, but not in other marsh populations. For example, the spots
numbered 21 an& 26 (yellow in U.V. + NH3) were found in most of

Warham pdpulations, none of Shingle Street populations showed these

two spots, whilst only individuals of one populatién in both Hayling
Island (1B) and Pagham marsh (II) showed these two spots. Similarly spot
number 29 is very frequent in chromatograms of the Warham and Hayling
Island population (in particular those of the lower marsh), whilst

it was found much less frequenfly in the Shingle Street and Pagham
populations., The chromatographic patters of the Shingle Street
populations sometimes contain spot number 11 and, in pérticular,'S
(blue in U.V. + NH3). However, none of the Warham populations showed
qu£ number 5, and only individuals of one populéﬁioﬁ (3C) showed

spot number 11, and none of Hayling Island and Pagham populations
showed the presence:of these spots. Also it was noticed that in-
dividuals from one population or more show the presenée of uncorrelated
spot or spots which;are absent in the cliromatograms of the other
populations from th; marsh. For example, the spots numbered 27, 30
(blue in U.V. + NH3), 31 (bright orange-yellow in U.V. + NH3) were
found sporadically in the chromatogram§ of populations ZC,QCZ, 2D1,

2D2 and‘ZD3 from Warham marsh, but none of the other popﬁlation'

analysed in this stﬁdy showed these spots, (Table 7.8).

On the same lipe, it seems worth while to point out that comparison
between the two master chromatograms from the field studies with that
from Salicornia plaﬁts grown in the greenhouse, reveals that the
spots numbered 9, 12, 22, 25 and 28 (blue in U.V. + NHB)’ found in
individuals from the cultured, were not found in the chromatograms
for the field populations. On the otherAhand, spots numbered 30
(RF values, in BAWfb.l in: 5% HOAC 0.82)3f32-(RF values, in BAW 0,71, in 57 HOAC

0.67), (blqe in U,V. +NH3) and 31 (RF values, in BAW 0.22, in 57 HOAC 0.69),
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(bright orange-yellow in U.V. + NH3) were found in the chromatograms of
some field populations, but not observed in Salicornia plants cultured

in the greenhouse, (Figure 7.2).

From the above presentation, it seems that the chromatograms of the
field populations in form of presence/absence (+/-) scores did not give .

a Very clear picture, but in general, there was a tendency for the upper-

marsh and the lower marsh population to show different spot patterns.
The chromatographic results of the phenolic glycosides for the 52 field
populations were subjected to Principal Component Analysis (R - type)

in the hope of clarifying the picture (see Section 4.7).

The result of‘the field population ordination is given in Figure
7.3. The result of the present analysis Qere mainly determined by the
7 chromatographicWSppts which showed variation among the populations
analysed,. in othef words the spots which were either'élways absent
or were always pre#ent in Table 7.8 were dropped from the analysis.
From the latent vector table (Appendix, Table A;7.8), it seems spots
numbered 2,v17, 18, 16 and probably 21, 26 and 27 aré the most useful
for axis 1, and spots numbered 4, 5, 19, 21, 26, 32 and probably 3 are

the most useful for axis 2,

Figure 7.3 shéws very clearly that the upper marsh and the lower
marsh populations #re occupying rather different parts of the plot,
forming two main ggoups. But, as expected, this aggregation does not
provide an exact split between the two groups, since some of the lower
marsh populations fall within the upper marsh range of the plot, and
visa versa., From the previous chrématographic results (Chapter IV),

such variation in the chromatographic results seem to follow from
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differences in chromosome number and morphology. However, the majority of
the lower marsh popﬁlation chromatograms showed the tetraploid patters,
whilst the uppermarsh populations produced mainly the diploid patterns

and occasionally the tetraploid patterns.

The separation line between the upper marsh and ;he lower marsh
populations on the plot in the form of a slope suggests that there is
a degree of correlation between axes 1 and 2. Though it seems difficult
from the provided data to point out exactly which are the correlated
chromatographic spots, but nevertheless, previous observations in
Chapter IV showed that (apart from S. pusilla) the total number of the
fluorescent yellowish~green and the blue spots_aré usually more
frequent if the chromatogram contain an additional orange-yellow

spot to the common one (spot number 1),

The figure also reveals that within each plant group (Lower marsh v,
upper marsh), there is a tendency of subgrouping. This ig, presumably,
due to the phenomenon that a number of Salicornia populationé (one or
more) from one marsh able to produce spot or spots, which cannot be
detected in other marsh populations, and vice vérsa. Similarly, members
of one population or more could produce uncorrelated spot or spots,
which are absent in the chromatograms of the other populations from
the marsh, Though ﬁembers of these populations could have similar
chromosome numbers,‘or may belong to the same type. The presence
of such a phenomenon could strengthen the belief that there is a good
deal of local populétion differentiation and that what one call species
X in one place is nét identical with what one calls species X in another.
This is probably due to the genetic separation, which is expected to be
high between Salicornia populétions, since a high number of the seeds,
are self fertilized (Knuth 1909, Ball 1960, Dalby 1962, Fregreson

1964). 1In addition, Salicornia spp. showed differences in flowering



time, particularly between the upper.and the lower marsh populations
which may reduce the effect of gene flow on the genetic composition
of ‘the population. Such genetic separation could be followed by the
'accumulation of differences adaptive or random in the pattern of

biosynthesis, in particular, as a result of the wide range of micro-

habitats in the saltmarsh ecosystem.

320.
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SUMMARY

Introduction:-

The genus Salicornia belongs to the family Chenopodiaceae‘and
like many other genera in the family. it is a halophyte. The genus
may be qonsidered among the sub-cosmopolitan genera in its distri-
bution. The aerial parts consist of a series of succulent internodes
often called 'sterile segments', which are fefminated by shorter ones
known as 'fertile segments' which forﬁ-the sessile-flowered spikes.,
The leaves are highly reduced with virtually no lamina. The life cycle
of the annual species starts in Spring (March - May) by seed germination,
the flowers usually become visible‘in the second half of July and the
seeds reach maturigy from September onwards. In general, the majority
of flowers are apparently self-pollinated. The genus occupies a pioneer
stage in the development of coastal and inland salt marshes. Combin-
ation of the high phenotypic variability in the genus with the breeding
behaviour, which obviously were modified by the wide range of habitats
in the salt marsh eéosystem (e.g. competation, aeration, nutrient avail-
ability, salinity); appe;r to be responsible for most of the taxonomic
confusion experienced in the genus. Thus ovef the last century there
haie been vefy diverse views as to' how many species may be recognised
‘in North West Europe. This work culminated in the treatment of Ball
(1964) in Flora Europaea, in which he recognised 10 species under two
groups; S. europaea and S. procwnbens based on studies of Bfitish Isles
coasts, Though soﬁe of these species can be recoénised in the field
(e.g. S. pusilla, S. ramosissima), it is quite easy to find field
speci@ens which cannot be classified satisfacto?ily with the key provided.
The presence of such difficulty.justifies further work seeking species

limits and in assessing the nature and the scale of the morphological

variation shown byithese plants,
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Culturing of Salicornia _

All the growth experiments were carried out in a greenhouse at
the Imperial College Field Station, using seeds collected from thé
field; although these were supplemented in some experiments by seeds
from plants cultivated the previous year. Due to the nature of the
present study extra attention was given to acﬁieve uniform growth
conditions by adapting an automatic subirrigaéion sand culture tech-
niqLe. The culture system consisted of 16 units, each containing a
culture tank and a nutrient reservoir. The system was mainly operated
by building up air pressure inside the ngtrient reservoir to raise
the solution to the culture tank situated above it. The nutrient
reservoirs were all gonnected to a central bottle, ensuring that each
of them received an equal air pressure. The system was arranged to
operate twice daily‘with 12 hour intervals by using time switches and
solenoid valves. The nutrient solution selected in this was that of
Hoagland and Arnon (;938). Salinity levels were adjusted in the sol-
utions by the additibn of the appropriate weight of sodium chloride.
The new complete solution was prepared on the same day as the previous
soiution needed to be changed. The sand used in the grbwth experiments

was initially acid washed, and for each growth experiment a new sand

sample was used.

Morphological behaviour of different types of Salicornia of known

.Chromosome number under uniform conditions

Most of the cul#ured Saltcornia types produced well developed
Biancheé, flovers and seeds, with shoot morphology appearing comparable to
that of the field material. Germinated seeds in the petridishes, also grew

similarly to those originally sown in the culture tanks, when they were trans.

planted to the tanks., However, extra care was necessary to avoid damage to the
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'root tips during the process of transplanting. The seeds for the
growth experiments were usually placed in paper bags and stored.in
the cold room (+ SOC) throughout the winter season. Chromosome counts
were made on root tips from recent germinated seeds for certain
samples to relate the grass morphology with the ploidy level. This
work supported previous observations that British Salicornia is
either diploid (2n = 18) or tetraploid (2n = 36), since no other number
was encountered, Because of the general absence of the flower characters
in Salicornia spp. attention was given to shoot characters, some
associated with the flowering spikes. Comparisons were made both with and
between different progeny lines. Lines of different origin generally
remained statistically distinct in culture, and highest similarity in
culture was shown between plants of common origin. In general, plants
attributed to S. dolichostachya appeared to be more uniform in culture
‘than those attributed to 5. europaea. Of the grdss morphology char—-

+ D

. . C
acters studied, only two ratios ———

D . e '
55 and E-(pr1nc1pa11y concerned

with the degree of compression of fertile segments) showed positive
correlation with the chromosome number. In addition, anther length
and to a less extent pollen grain diameter can be used to separate the

diploid and tetraploid groups.

Chromatographic study of the phenolics of plants of known

chromosome number

Oven dried material was examined chromatographically in the hope
that this would provide an extra tool in the study of Salicornia tax-—
onomy. One-dimensional chromatograms showed some degree of uniformity
within the broad taxonomic species, but no sharp differences were
revealed, Two-dimensional chromatoérams for phenolic glycosides proved
much more useful, ‘however. Up to 29 spots were detected (though not

identified in the present study), 6 of these were common to all the
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specimens examined, whilst most of the remainder have more limited
occurrence and may be useful taxonomically, Although no clear-cut
pattern emerged on visual examination of the chgomatogfams (apart
from the very distinect S. pustiila). Prfncipal Component Analysis
of the data revealed a real separation of S. europaea from S, dolichostachya,
with S. pusilla and S. ramosissima coming within the range of the -
former, and S. nitens in the rﬁnge of the latter. However, more
variation was observed among S. europaea than among S, dolichostachya.
Almost all the specimens in the 5. europaea group proved to be
diploid, and all those in 8. dolichostachya group to be tetraploid,
with only one tetraploid coming within the range of the diploid
plants. This study gives further support to the recognition of
ploidy level as being of primary taxonomic importance in Saliecornia.
Two—dimensional chromatograms of the phenolic acid and simple phenols
proved to be of little taxonoﬁic value, since the majority of the spots

were common to all the analysed Salicornia plants,

Chromatographic analyses of plants grown at different nutrient
levels:—

The effect of different levels of nitrogen and phosphorus on the
phenolic glycosides in the culture medium was examined in S. nitens.
The majority of the spots remained constant irrespective of nutrient
level, and the feﬁ variétion seen could not be correlated with ex-
perimental treatménts. A tentative conclusion may be that the phen-—
olic glycosides are not influenced by levels of nitrogen and phosphorus,
an important point if these compounds are to be used for taxonomic

purposes.

Culture experiments : initial studies:

It is necessary to assess the scale of morphological variation in

respect to nutrient levels (Nitrogen and phosphorus), to sodium chloride
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salinity and to light, since Salicornia taxonomy is very dependent

on vegetative ﬁorphology, and it might be expected that vegetative
morphological characters would be plastic in relation to environment.
Initial experiments showed that 1) Absence of nitrogen had a very
marked effect on plant morphology (e.g. dwarf growth, almost complete
depression of the branching habit), but certain fertile segments
dimensions and seed size increased, and flowering time was advanced
by two weeks, 2) Absence of phosphorus had much iess effect, although
' some abnormalities were seen in the terminal spikes (e.g. failure of
some fertile segments to form flowers and seeds, cluster formation of
small lateral branches). 3) Doubling of the light intensity inside
the greenhouse led to a threefold increase in the total number of
terminal spikes/plant, some which increased vegetative growth and

delay in flowering time of about 10 days.

Culture experiments : second series:—

Following from the first experiments, a second series was carried
out making use of four levels of nitrogen (5 - 135 p.p.m.), phosphorus
(2 - 16 p.p.m,) and sodium chloride (0.65Z - 57). Nitrogen levels
produced very interesting changes in the balance between the apical
dominance and the dominance by strong growing lateral branches, Most
of the vegetative characters (e.g. plant length, total number of primary
branches from the main axis, etc.) showed a clear optimum at 45 p.p.m,
nitrogen, but thosé associated with the inflorescence (e.g. terminal spike
length, number of fertile segﬁents in the termipal spike, etc.,) showed |
their optimum grow&h at 15 p.p.m. nitrogen, The angle of the uppermost
branch and the lowermost branch with the main axis reﬁain unaffected.
The phosphorus experiment produced much less effect on morphology and
no obvious correlation was observed with the phosphorus ievels. The

sodium chloride experiment showed a general decrease in growth for
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almost all characters as salt levels increased and, in particular,
the apicai characters (términal spike length, number of fertile
segments in the terminal spike and the length of tﬁe uppermost. branch
from the main axis), but once again both angles of branching remained
unaffected. Out of the experimented factors, lower concentration of nit-
'rogen (5 = 15 p.p.m.) clearly stimulated the production of betacyanin
in the superficial tissues of Salicornia, though it was more frequent

in diploid forms than in tetraploid forms.

Data were examined by analysis of variance to show the components
due respectively to differences in experimental treatment and geno-
- type. Potentially important conclusions emerging‘are:—

1. That Salicornia appears to have evolved physiological mechanisms
for coping with low nitrogen levels, and at low level the available
nitrogen is preferentially transferred to the flowers and seeds.,
Nitrogen is generélly assumed to a limiting factor to growth of plants
and seed maturity.

2. No equivalent mechanism development for tolerance of low
phosphorus levels,jprobably because this is not encountered in nature.
| 3. Morphological effects of response to high sodium chloride
levels is probably associated with greater or less development of

succulency in tissues as is commonly found in halophytes,

The experiments showed that the number of fertile segments in
the terminal spike, and the angles of.the uppermost branch and the
lowermost branch with the main axis to be the most valuable from the

taxonomic point of view.

Culture experiments : inbred lines:

Finally the progeny of eight self pollinated Salicornia plants
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were cultured in uniform conditions and scored for 30 characters
these characters being examined by principal component analysis..
From this study a small number of characters (e.g. total ngmber of
primary braﬁchgs from the main axis, number of sterile sééments in
the main axis, length of the uppermost branch from the main axis and
terminal spike length) emerged as being additionally useful in sep-

arating different genetic lines.

Field studies : soil analyses from Salicornia populations:-
Soils from thfee salt marshes were analysed for total nitrogen,

total phosphorus and sodium, using samples collected from the neigh-—

bourhood of anmnual Salicornia colonies. In general they show an increase of

nitrogen and sodium with height up tﬁe marsh -but with great variation

at upper levels of the marsh. This trend was not so clearly detected

in phoséhorus leveis. It is not easy to compare soil nutrient levels

with those used injthe greenhouse experiments because the values

for the former include a proportion that is not available for plant

growth, Field levéls are nevertheless low. The majority of the

analysed soil sampies had total nitrogen ranging from 0.09% - 0.29%

compared with fertile inland soils with values of 0.4% - 0.6%.

Populations of Salicornid collected from sites on the lower region .
of two marshes (Warham, Wells - next to tﬂe sea, Norfolk and Northney,
Hayling Island) wiéh very different soil nitrogen levels showed corr-
esponding variation in eachvof some 7 morphological characters, with
increased growth béing found every time in the sites with higher ni-
trogen. In contrast, lower populations from a thir& marsh (Shingle
Street, Suffolk), ét sites with very similar nitrogen levels, show
very little variationm in these same characters. These observations

reinforce the conclusions from the greenhouse experiments that nitrogen
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is a limiting factor for the growth of Salicornia.

Field studies : chromatography of field populations:—_

Field samples of Salficornia from four salt marshes were also
analysed for their phenolic glycosides, using the same technique as
was employed earlier for cultivated material. These showed a broad
division into lower and upper samples, and the scatter diagram froﬁ
the Principal Component Analysis sﬁowed the plants aggregating into
two areas §n the plot, but it did not provide a sharp dividing line.
Such aggregation is almost certainly, because of differences in pro-—
portion of diploid and tetraploid plants at the two levels of the
marsh, these having already been shown to be approximately separable
in cultivated material. The study also revealed that glycosides
complement différs‘slightly from marsh to marsh, supporting the
suggestion that each marsh population has, to some extent, its own

genetic (and so.physiological) constitution.
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Table A3.1.

1. Shoot length

345,

Measurements of the vegetative characters for
the plants belonging to Salicornia europaea type,

(from different localities). Growth experiment 1974.

-28

TANK N Min . Max Mean S.D. +2S Variance
NO,
2B. 12 40.90 59.40 52,99  +5.27 42.46  63.52 . 27.708
4B 11 30.50 41.00 35.87  +2.76  30.35 41.39 7.626
6B 15  51.20 56.20 53.52  +1.27  50.99  56.05 1.602
8A 15 18.00 39.40 31.89  +6.26  19.37 44.40  39.197
9B 15 56,00 68.20 62.15  +2.86  56.42 67.87 8.198
168 4  39.30 42.30 40.85 _1‘1;2_7 38.31  43.39 1.610
2. Total number of primary branches from the main axis.

TANK . N Min. Max Mean S.D. -28 +28 Variance
NO. - |
28 12 56 76  68.33  +7.08  54.18 82.48  50.060
4B 11 38 46 40.55 - +2.38  35.78  45.30 5.673
6B 15 18 46 54.80  +2.91  48.98  60.62 8.457
8 14 12 56 38.36  +14.02 10.32 66.39 196.555
98- 15 52 66  61.20  +3.36  54.47 67.93  11.314
168 4 60 64  63.00 +2.00  59.00 67.00  4.00

3. Number of sterile segments in the main axis.

iANK . N Min | Max Mean S.D. -28 +2S Variance

| vo. | |
28, 12 23 40, 34,58  +4.59  25.42  43.75 20,992
4B 11 19 24 21.46 11..29 18.87  24.04 1.673
68 15 26 © 31 28.13  +1.50  25.12  3L.14  2.267
8A 15 6 ' 29 18.73 +6.70 5.33 32,14 44.924
9B 15 28’ 38 31.80  +1.86  28.08  35.52 3.457
165 4 28 33 31.25  +2.22  26.82  35.69  4.917




346,
Table A 3,1 .continued

4, Terminal spike length

TANK -~ N Min Max Mean S.D. -28 +285 Variance
NO.
2B 12 3.3 6.2 5.29 10,96 3.37 7.22 9.926
4B 11 0.8 v 3.2 ‘1.85 +0.89 0.07 3.62 0.785
6B 15 8.4 5.5 4.52 40,59 3.35 5.69 0.342
8A 15 0.4 10.8 3.03 +3.00 -2.97 9.04 5.00
98- 15 4.0  6.00  5.27  +0.49  4.28  6.26 0,245
16B 4 3.2 5.9 4.03 +1.27 1.49 6.56 1.609
5. Number of fertile segments in the terminal spike.
TANK N Min Max Mean S.D. -28 +2S Variance
NO. '
ZB 12 12 ‘25 21.75 44,18 13.39 30.11 17.478
4B 11 4 16 9.90 +3.99 1.94 17.88 15.89
6B 15 17 26 21.07 +2.91 15.24 26.89 8.495
8A 15 3 38 13.67 ,i10_30 -6.95 34.28 106.238
9B 15 17 26 21,87 +2.39 17.09 | 26.64 5.695
16B 4 16 24 18.00 +4.,00 10.00 26,00 16.000
6. Length of the uppermost branch from the main axis,
TANK N Min Max Mean S.D. -2S +28S Variance
NO.
2B 12 3.0 4.8 3.99 +0.53 2.94 5.04 0.280
48 11 2.0 5.7 3.45  +1.36  0.73  6.16  1.849
6B 15 3.8 5,1 4,52 30,49 3.54 5.50 0.240
8A 14 0.4 4,2 1.73 +1.28 -0.83 ,4'28 1.638
9B 15 3.8 5.5 4.6 +0,52 3.58  5.64 0.270
168 4 2.9 3.2 3.08 $0.15  2.78  3.38  0.023




Table A.3.1l. Continued:-

7. Length of the lowermost branch from the main axis.

347,

TANK N Min Max Mean S.D. -28 +25 Variance
NO. -

2B 9 22,5 50.8 36.63  +7.43  21.78 51.49 55.1900
4B 10 14.7 32,0 21.51  +5.99 9.51  33.50 35.988
6B 15 28.5  37.3 32,67  +3.10  26.47 38.87 9.605
8A 13 6.9  30.0 16.50  +7.08 2.36  30.65 50.016
9B 12 32,0 .56.2 46.85  +7.44 31,98 61.72  55.285
16B 4 . .26.2 . .34.8.. 29.33  +4.67  19.98 38.67 21.849
8. Angle of the uppermost branch with the main axis,

TANK N Min Max Mean S.D;f -2S +28 Variance
NO. - '

2B 12 2of 40 29.17  +6.34  16.49 41.84 40.152
4 11 30° S0 39.09  +5.39  28.30 49.88  29.090
68 15 25 30 28.67  +2.29  24.08 33.24 5.238
8A 4 - 10% © 25 14.29  +6.20 2.61 " 26.96 34.066
9B 15 20 30 25.00  +3.78  17.44 32.56 14,286
168 4 50.00.  +8.17  33.67 66.33 66.667
9. Angle of the lowermost with the main axis.

TANK N Minj Max Mean S.D. -2S +2S Variance
NO. ; | ,

2B 9 40 50 43.33 - +4.33  34.67 51.99 18.750
4 11 40 50 49.09  +3.02  43.06. 55.12  9.090
6B 15 30 50 34,00  +6.33  21.35  46.65 40.000
g 14 20 60  50.36  +10.14 30.08 70.63  102.74
9B 12 20 40  28.33  +7.79 12.76  43.90 60.606
168 4 s0 65 58.13 6,25  45.63 70.63  39.063




348.
Table A:3.1

Continued:-

10. Length of the sterile segment below the terminal spike
TANK N Min  Max  Mean  S.D. ~25  +25  Variance
NO.
28 12 0.2 0.8 0.48  +0.20 0.08  0.89 0.042
4B 11 0.4 1.1 0.64  +0.22 0.20  1.07 0.047
6B 15 0.5 1.2 0.93  +0.19 0.54  1.32 0.038
8A 15 0.2 1.6 0.63  +0.40  -0.17  1.44 0.161
9B 15 1.0 1.4 1.21  +0.15 0.91  1.51 0.023
168 4 0.4 0.8 0.58  +0,20 0.16  0.99 0.043
11. Length of the sterilé segment in the lower part of the main axis.
TANK N Min Max Mean S.D. -25 +2S Variance
NO.
2B 12 1.2 1.7 1.37  +0.18 .01 1.72 0.032
4B 11 1.5 1.6 1.52  +0.04 1.44  1.59 0.002
68 15 1.6 2.0  1.73 +0.12  1.51  1.96  0.012
| 8a 15 1.2 1.6 1.45  +0.11 1.24  1.67 0.011
98 15 1.7 1.8 1.76  +0.05 1.66  1.86 0.003 {
16B 4 1.0 1.3 1.18  +0.15 0.88  1.48 0.023 i




1. Shoot length.

349,
Measurements of the vegetative characters for the
plants belonging. to Salicornia europaea type, (from

one population). Growth experiment 1974.

TANK N Min Max Mean S.D. =25 - +2S Variance
NO. »
1B 15  40.20 54,30 47.20  +3.91  39.39 55.02  15.270
24 10 36.90 50.40 45.05  +10.79 34.26 55.84  29.092
58 15  34.70 42.00 38,01  +2.08  33.85 42.17 4.328
7B 15 38.50 55.50 49.27  #5.15  38.98 59.56  26.470
11A 10 21.29 51.60 36.93 - +11.28 14,37 59.49  127.227
158 .10 . 35.00 ..50.00. :43.20  +4.00  35.19 51.21  16.044
2. Total number of primary branches from the main axis.
TANK N Min Max . Mean. S.D. =28 +2S Variance
NO. 0 -

_ _ -
1B 9 42 75 53,13 +8.26  36.63 69.64  68.124
24 10 44 72 54,10 - +8.55  37.01 71.19  72.989

| 58 11 20 28 2318 +2.49. 18.22 28,15 6.164
7B 15 38 58 . 49.87  +6.74  36.39 63.34  45.409
fa. 10 20 76  47.50  +20.97  5.56 89.44 439.833
158 10 40? 72 47.20  +9.75  27.70 66.70  95.067
3. Number of sterile segments in the main axis.
TANK N Min% Max Mean S.D. -2s +25- Variance
NO. |
1B 15 215 30 26,07  +3.82 20.24 31.89 8.495
24 10 20 33 27.10  +4.84  17.42  36.78  23.433
8 15 9 15 10.60  +1.64 7.32  13.88 2.686
7B 15 2 30 25.07  +3.58  17.92 32.22  12.781
114 10 9 38 23.90  +10.03  3.85 43.95 100.544
158 . 10 20 31- 25.50  +4.25 17.00- 33.99  18.056




350.
Table A:3.2 Continued:-

4. Terminal spike length.

TANK N Min Max Mean - S.D. -2s +28 Variance
NO.

1B 15 . 2.8 4.7 3.63  +0.54 2.54  4.72 0.296
24 10 1.4 3.6 2.36  +0.64 1.09  3.63  0.405

5B 15 3.0 9.2 5.89  +2.14 1.63 10.16 4.552

7B 15 2.4 9.3 7.42  +1.87 3.69  11.15  3.472
11A 10 0.9 5.1 2.21  +1.30  -0.39  4.82 1.699
15B 10 1.9 . 4.3 3.29  +0.69 1.90  4.67 0.479

-

5. Number of fertile segments in the terminal spike.

TANK N Min Max Mean S.D. —ZSF +28S Variance

NO. .

1B 15 14 22 17.80  +2.43  12.95 22.65 58.857

24 10 9 19 13.60  #3.47  6.66 20.54 120,44 e
5B 15 16 . 38 26,53  #7.12 12,29 40.77 50.695

7B 15 11 39 31,80  +8.01  15.78 47.82  640.171

11A 10 6 27  11.80  +6.27 . -0.74 24.34 39.289

158 10 10 .~ 22 . 16.70  #3.47  9.77 23.63 12.011

6. Length of the upper most branch from the main axis.

TANK N Min Max i Mean S.D. -25 +25 Variance
NO.
1B 15 2.0 3.2 2.5  +0.,41  1.72  3.36  0.168
24 10 0.6 2.3 1.42 40,50 _  0.42  2.42  0.250
58 15 1.7 7.3 3.85  +1.67  0.52  7.19 2.789
78 15 1.7 8.5  6.30  +1.98  2.36  10.25  3.920
1A 10 0.5 s 152 +l.44 1.35 439 2,074

15B 10 1.2 3.0 2.08 +0,52 1.05 3.11 0.270




351.

Table A-3.2 " - Continued:-
7. Length of the lowermost branch from the main axis.
TANK N Min Max Mean S.D. -28° +28 Variance
NO.
TR 18.5  36.7 28.69  +5.77  17.15  40.23 33.296
24 10 6.2  33.6 28.06  +9.39 9.28  46.84 88.185
5B 14 6.3  34.2 13.79  +7.18  -0.56 28.15  51.513
7B 14 24.5 44,0 37.19  +6.85  23.49  50.89 46.932
1a 9 5.9 38.9 19.54  +10.90 -2.25 41.34  118.743
158 9 20.8 . .46.5 .29.96  +8.79 1237 47.55 77.348
8. Angle of the uppermost bragch with the main axis.
TANK N Min_. ~ Max " Mean S.D. =28~ +28 - Variance
NO.
1B 15 30° . 50° 46.67  +6.17  34.32 59.01 38.095
24 10 40 60°  50.00 +6.24  37.53  62.47  38.889
5B 15 20° © 50°  30.83  +9.34 12,16  49.51 87.202
7B 15 25°  50°  32.33  +8.71  15.92 49.75  67.381
114 10 30° 90°  59.50  +16.74 26.02 92,98° 280,278
15B 0 50° 70°  56.25  +8.27  39.70 72.79 68.403
9. Angle of the lowermost branch with the méin axis.
TANK- N Miﬁ Max Mean S.D. -2S +25" Variance
NO.
1B 15 50 60  52.00  #4.14  43.72 - 60.28 17.143
24 10 4o 50  48.00  +4.05  39.90  56.09 16.389
5B 14 30 50  39.29 49,17  20.95 57.62 84.066
7B 14 45 60 ' 48.93  +5.28  38.42 59.48  27.609
11A 9 52.5 90  70.28  +12.78 44,73 95.83  163.194
15B 9 40 S5 47.22  +5.66 35.92 58.53 31.944




Table A.3,2

352,

Continued:-

10. Length of the sterile segment below the terminal spike.
TANK N Min Max Mean S.D. =25 +28 Variance
NO.
1B 15 0.5 1.2 0.62 +0.18 0.26 0.98 0.033
2A 10 0.3 0.6 0.55 +0.15 0.25 0.85 0.023
5B - 15 0.4 1.8 1.08 19.50 0.07 2,09 0.255
78 15 0.4 1.0 0.77 ip.24 0.29 1.24 0.57
11A 10 0.2 0.6 0.40 +0.16 0.09 0.71 0.024
15B 10 0.3 0.7 0.51 ~ +0.14 0.24  0.78 0.019
11, Length of the sterile‘segmenf in theilower part of the main axis.
TANK N Min Max Mean S.D. =28 +25 Variance
NO. S Ct . ‘
1B 15 1.3 2.0 1.59 +0.22 1.17 2.02 0.045
24 10 1.5 1.8 1.60 +0.12 1.37 1.83 0.013
5B 15 1.8 2.2 2.05 +0.16 1.74 2.36 . 0.024
78 15 1.5 1.8  1.66  +0.09 1.49  1.83 0.007
114 10. 1.3 2.2 1.58  +0.25  1.08  2.08  0.062
158 10 1.4 1.9 1.74  30.15  1.44 2,06  0.023




Table A 3.3

- 853,

Measurements of the vegetative characters for the

plants belonging to Salicornia dolichostachya type,

(f:om different localities). Growth experiment 1974.
1. Shoot length,
TANK N Min Max Mean S.D. -25 +ZS_ Variance
NO. ' ‘
108 9 41.00 57.00 49.42  +5.18 39,07 59.78  26.8l4
11B 11 42.50 51.10 48.14  +2.99 42,14  54.13 i’ 8.967
128 8 34.40 50.40  41.5 #4.74 32,05 51.02. - 22.497
13B 15  39.50 55.50  49.44 :ﬁ.és 40.55 58.33 19,775
14A 15  44.80  60.00 . 52.20 +4,50 43,21  61.200 20,235

2., Total number of primary-branches from the main axis.

TANK N Min Max  Mean §.D. -25 +28 Variance
e t

108 9 46° 66 58.22 49,52 45,19 77.25  42.44
11B 11 46 60  56.00  +4.65  46.70 65.29  21.60
12B 7 42% 58  50.29  +6.15  37.97 62.59  37.905
138 15 46 74 62.53  +7.84  46.86 78.20  61.409
144 15 48 80  61.20  +9.59  42.03 80.37  91.886

7 3, Number of sterile segments in the main axis.

TANK N Min  ‘Max  Mean S.D. -25 - +28 Variance
NO.

108 s 21 3% 28.78  +4.246  20.30  37.25  17.944
11B 11 27 33 30.09  +2.26  25.58  34.60 5.090
128 8 23 36 27.50  +5.29 16,92 38,08  28.000
133 15 26 39 33.13  +3.67  25.81 40.46  13.409
144 15 21 42 31.40  +5,57 20,27 42,53  30.971
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Table A 3.3

4, Terminal spike length,.

Continued:-

TANK N Min Max Mean S.D. -25 428 Variance
NO.
10B 9 1.9 7.5 4.50 +1.64 1.23 7.77 2.668
11B 11 2.4 7.5 4.54 *1.52 1.50 7.57 2.293
12B 8 3.0 5.7 4.45 +0.94 2.57 6.33 0.883
13B 15 2.6 7.5 4,68  +1,51 1.65  7.70 2,289
14A 15 0.7 5.0 2,95 +1.36 0.23 5.67 1.843
5. Number of fertile segments in the terminal spike.
TANK N Min Max Mean S.D. -28 +25S Variance
NO,
10B 9 9 26 17.67 +5.27 7.13 28,20 ‘27.750
11B 11 12 28 18.82 +5.04 8.75 28.89 25.364
12B 8 17 23 19,50 +3.67 12.17 26.83 13.429
13%1 15 9 25 16.80  +4.65 7.50  26.09 21.60
14A 15 4 23 13,60 +6.05 1,51 25.69 36.543
6. Length of the uppermost branch from the main axis.
TANK N Min Max Mean S.D. -2 +25S Variance
NO,
10B 9 1.4 5.9 4,13 +1.37 1.39 6.87 1.877
11B 11 1.7 - 5.8 3.89 +1.23 1.43 6.35 1.513
12B 8 2.0 5.2 3.99  +1.19 1.62  6.36 1.416
13B ‘15 1.5 5.7. 3.84 +1.23 1.36 | 6.3C 1,513
14A 15 1.5 3.6: 2,77 +0.79 1.19 4,34 0.624




Table A.3.3 Continued:~

7. Length of thelowermost branch from the main axis.

355,

TANK N Min; Max Mean S.D. -2S 428 Variance
NO, '

10B 7 21.6 46,2 36.49 18.25 19.98 52.99 68.121
11B - 11 14.6 32,2 23,98 :ﬁ.3é 11.29  36.67 40,262
128 7 18.0 38.8 30.29 16.84 16.60  43.97 46.79
138 15 15.2 51.7 33.68 425,20 - 84,77 58,88 158.802
14A 13 29,7  51.7 37.73  +5.87  26.00  49.46 34.376
8. Angle of ﬁhe uppermost branch with the main axis.

TANK N Min Max Mean S.D. - -2s | +25 Variance
Xo. _ | '

15£# 9 259 35 29,44 +3.00 23.44 35.45 . 9.028
18 11 30° 50°  40.90  +5.89  30.12 52.69  29.090
128 g  20° 30°  23:75  +5.18  13.39  34.10  26.79
138 15 35°  50°  40.00 +7.79 2642 55.58  60.71
14A 14 25é SQO. 34.64 9.50 15,64  53.64 90. 247
9. Angle of the 1owermost branch with the main axis.

TANK N Min Max Mean S.D. -2S ;ZS Variance
NO. J

108 7 .45.?0' 50 47.14  +3.93  39.28  55.01  15.476
1B 11 40.0 60  49.77 #4546 .40.70  58.84  20.568
128 7 45;0 55 50.71 +3.46 43.81 57.62 11.905
i3B 15 502 60 52.67 +4.19 44,33 61.05 17.381
14A. 12 353 60 +6.03 37.94  62.06 36.364

-50.00
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Table A 3.3 Continued:-
10. Length of the sterile segment below the terminal spike.
TANK N Min Max Mean S.D. -28 +28 Variance
NO.
10B 9 0.5 1.4 0.78  +0.32 0.14  1.42 0.102
118 11 0.5 1.1 0.76 20.17 0.42 1.09 0,029
12B 8 0.5 0.9 0.74 10.14 0.46 1.02 -0.,019
138 15 0.3 1.1 '0.69  +0.25 0.19  1.19 0.621
14A 15 0.3 0.8 0.48 +0.16 0.1? 0.79 0.25
11. Length of the sterile segment in the lower part of the main axis.
TANK N Min Max Mean .S.D. ;28 +28 Variance
NO. ' 3
108 9 1.3 1.8  1.46  +0.15  1.15  1.76  0.023
11B 11 1.5 1.8 | 1.70 :p;09 1.5? 1.89 0.009
12B 8 1.2 1.6 1.40 +0.13 1.14 1.66 0.017
138 15 1.1 1.5 1.23  +0.13  0.97  1.48 0.016
14A 15 1.3 1.8 1.47 +.12 1.24 1.70 0.014




357.

Table A.3..4 Measurements of the vegetative characters for the

ﬁlants belonging to Salicornia dolichostachya type,

(fromﬂone pbpulétioﬁj; Growth experiment 1974,

1. Shoot length

TANK N Min ) Ma# - Mean S.D. ~-28 428 Variance
NO,
3A ' 9 28,50 45,00 34.86 +6.09 22,69 47.01 36,950
4 9 3%.00 40.70 35.92  +2.68 30.57  41.28  7.167
74 15 29.00 43,00 35.93 - +3.58  28.78 43.08  12.779

12A- 8 23/50 35,00 30.86  +4.22  22.44 39,29  17.751

15A 8 22,20, 38.50 28,55  +10,37 18.18 38.92  26.889

2. Total number of primary branches from the main'hxis.

TANK N. Mip‘ Max Mean §.D. ' -28 +25  Variance
NO. el o . .
3A - - - - - - - -

GA . 9 40,00 52,0 42.67  +7.35  27.97 57.36  54.000
7A 15 37.0é 52,00 . 43.40 +4.33 34.76 52.05 18.686

12A 8 24.66 48 32,50 +8.67 15.16 49,84 75.143

15A 7 28'06, 50.00 38.86 +7.67 23.52 54,19 58.809

3. Number of sterile segménts in the main axis.

TANK N Min.  Max  Mean s.D.  -28 +25 Variance
NO. : : .
4A 9 185 27 22,33 +4.80 17.54  27.13 5.750
7A 15 17 28 21.40  +7.81  13.59 29,21  -15.250

12A 8 ].].‘i 25 18,63 4,75 9.13 28.12 22,554

15A 7 © 12 24 18.86 37.04 4,79 32.93

49.476




358.

Table A 3.4

Continued:-

4., Terminal spike length

33,9§gvf‘ ,twu‘

TANK‘ N Min Max Mean S.D. =28 +28 Variance
NO.
3A 9 2.0 7.0 4,19 +2.09 0.01 8.36 4,359
4A 9 1.5 3.5 2.43 +0.89 0.65 4,22 0.795
7A 15 0.9 4,0 2.45 +0.90 0.64 4,25 0.813
12A 8 1.5 4.0 2.74 +0.99 0.76 4,71 '0.974
15A 7 1.2 4.3 2.77 *1.10 0.56 4,98 1.219
5. Number of fertile segments in the terminal spike.
TANK N Min Max Mean S.D. -25 +28 Variance
NO., '
3A 9 12 27 17.22 +5.83 5.57 28.88
4A 9 9 19 13.44 *3.94 5.56 21.32 15,524
L7A 15 7 19 13.33 *3.70 5.94 20,73 13.667
12A 8 8 16 12.50 +3.38 5.74 15.26 11,429
15A 7 6 19 12,29 +4.96 2.37 22.20 24.571
6. Length of the uppermost branch from the main axis,
TANK N Min Max Mean S.D. =28 +28 Variance
NO.
3A - - - - - - - -
4A 9 0.6 2.4 1.55 = +0.68 0.20 2,90 0.462
7A 15 0.4 3.0 1.58 #0.76 0.07 3.09 0.578
12A 5 0.2 2.0  1.36 40,90 -0.45  3.17  0.810
15A 7 0.8 3.5 1.80 +1.05 ~-0.29 3.89 1.103

AR s s o, 2

AR

Y



Table A.3.4

7. Length of the lowermost branch from the main axis.

Continued:-

359.

TANK N Min . Max Mean S.D. =25 +25 Variance
NO.
3A 9  13.2  '39.0 25.30  +B.25  8.79 41.80  68.085
4A 9. 15.6  34.6 27.17  #7.19  12.79 41.55  51.708
7A 12 10.1  27.4 18.06  +5.32 7.43  28.69 28.237

12A 8 13.9 28,0 23.09  +4.92 13,26 32.92 24.164

15A 5 9.3 32,1 16.56  #9.05  -1.53 34,65 81.828

8. Angle of the uppermost branch with the main axis.

TANK N Min Max Mean S.D. -2S +2S Variance
NO. |
3A 8 45°  90° 70.31 = +18.78 = 32.76 107.87  352.567
4A 8 45 75  54.69  +10.89 32,90 76.47  118.638
A 15 30 75 52.17 - +12.13  27.90 . 76.43  147.20

12A 5 35 90°  57.00 - +30.13 -3.25 117.25  907.500

. fisa 7 40% 80°%  57.14 i}4.68 27.79  86.50  215.48

9. Angle 6f the léwermost branch with.the main axis.

TANK N Min Max Mean s.D. -2S +25 Variance
NO.
3A 9 45|  67.5 47.50 jﬁ.so 32.50  62.50 56.250
4A 9 47;5 85.0  58.89  +13.98 30.93 86.85  195.486
7A 12 42.5 . 60.0 _ 55.42  +6.29  42.83 68.00 39.583

124 7 47.5 52.5 50036  +2.67 . 45.01 55.70 7.143

15A 5 50.0 70.0 59,00  +8.95 14,11 76.89  80.000




360,

Table A 3. 4.

Continued:-

10. Length of the sterile segment below the terminal spike.

TANK N Min Max Mean S.D. -25 +25 Variance
NO.
3A 9 0.6 1.2 0.77  +0.21  0.34 1.19 0,045
4A 9 0.2 0.6 0.40 10.15 0.10 0.70 0.023
7A 15 0.3 0.7, 0.50 +0.15 0.20 0.80 0.022
12A 7 0.4 0.7 0.57 +0.11 0.35 0.79 0.012.
15A 7 0.4 1.0 0.64 10,19 0.26 1.02 0.036
11. Length of the sterile segment in the lower part of the main axis,
TANK N Min Max Mean S.D. -25 +2S Variance
NO. ‘
3A 9 1.4 1.9 1,59 10.18 1.24 1.94 0.031
s 9 1.2 1.5 1.3 +0.09  1.16 1.5 0,008
7A 15 1.2 1.8 1.41 10.22 0.97 1.85 0.048
124 8 1.0 1.4 1.28  +0.18 0.93  1.63 0.030
15A 7 1.2 1.30  +#0.08  1.14. 1.46 0.007

1.4

B e e
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Table A 3.5 7.

'(ﬁrom different localities).

1. Shoot length

361.

Measurements of the vegetative characters for the

plants belonging to Salicornia ramosissima type,

Growth experiment 1974,

TANK N Min Max Mean S.D. ~-2S +28S Variance
NO. A

9A 6 40.00  48.20 45.00 +3.4 38.29 51.80 11.407
10A 10 27.90 36;50 33.85 +2.76 28.32  39.38 7.638
16A 7 26,80 37,00 31.24 +4,02 23.22  39.27 16.093
2. Total number of primaryvbranches from the main axis.

» TﬁgK N v-‘.Minft:th;x - Mean. S.D. -2S +2S Variance
94 6 48 74 65.83  +10.40 45.03  86.63  108.167
10A 10 38 48 44,80  +3,29 38,21 51.39  10.844
16A- 7 12 38 25.14 +9.86 5.43 44.86 97.1429
3. Number of ste#ile segments in the main axis.

TANK N Miﬁ Max Mean S.D. -2S +28 Variance
NO. S ST v

9A 6 26 36 33.50 ~ +4.09 25.33 41,68 16.700
1A 10 17 27 23.30  +2.45  18.39  28.20 6.011
16A - 7 5 18 12.00 +5.04 1.93 22,07 25.333
4, Termin;l spiké length

TANK N Mi; Max Mean S.D. =25 +2S Variance
NO. .

9A 6 0.9 2.4  1.48 +0.65  0.19  2.77  0.414
10A 9 0.6 1.8 1.54 +0.48  0.59  2.49  0.225
16A 7 1.8 13.5 5.26 Iﬁ;13 -3.01 13,52 17.086




362.
Table A3.5_

Continued:—

5. Number of fertile segments in the terminal spike.

TANK N Min Max Mean S.D. =28 +2S Variance
NO. . -

9A 6 6 12 9.33  +2.50 4.33  14.34 6.267
10A 9 5 12 9,00 +2.24 4.53 13.47 5.000
16A 7 12 - 42 21.57 . +10.69 1.91 42,95 11.429
6. Length of the uppermost branch from the main axis.

TANK "N Min Max Mean S.D. =25 +2S Variance
NO. ’ : )

9A 6 0.5 1.00 0.68 10.19 O}.29 1.07 0.036
10A 10 0.7 1.6 1.02 19.26 0.49 1.54 0.068
16A 5 1.2 - 8.5 1.90 +0.49 ‘ 0.92 2.88 0.240
7. Length of the lowermosg branch from the main axis.
TANK N Min Max Mean s.D. -28 +25 Variance
NO. , , S T .

9A 6 21.4 36.3 31.22  +5.94 19.33 43.10 35.334
10A 9 8.5 32.7 18,32  +8.12 - 20.95 34.55 65.832
16A 6 18.2 27.6 22,50 3,72 15.06 29.94 13.848
8. Angle of fhe uppermost branch with the main axis.
TANK N Min Max Mean  S.D. =28 - +2S Variance
NO.

9A 6 20 50 34,17 +11.14 11.88  56.45 124,167
10A 10 75 90  85.50°  #5.99 ° 73.53  97.47 35.833
16A 7 20 30 25.71 :ﬁ.46 18.81 32,62 11.905




Table A.3.'5 Continued:— .

9. Angle of the lowermost branch with the main axis.

363,

TANK N Min Max Mean S.D. -25 +25 Variance
NO. - -

9A 6 40 S0 47.50  +4.19 39,13 55,87 17.500
10A 10 30 55 45,00 17.45 30.09 59.90 55.556
16A 6 40 60 50.42 +7.97 34.47 66.36 63.542
10. Length of the sterile segment below the terminal spike.

TANK N Min Max  Mean S.D. -28 +25 Variance
NO.. S T T T

9A 6 0.2 0.9 0.40 - +0.25 .—0.10 0.90 0.064
10A 10 0.2 | 0.6 0.45 :P.lh 6.18 0.72 0.018
16A 6 0.5 1.5 0.87  +0.49  -0,12 1,85 0.243
11. Length of theisterile segment in the lower part of the main axis.
TANK N Min - Max Mean S.D. -2S +2S Variance
NO . CoL T T .

9A 6 1.3 2.0 1.53 = +0.26 1,02 2,05 0.067
104 10 1.2 1.9 1.38  #0.21  0.96 1.80 0,044

1.4? 1.8 1.53 +0.16 1.20 1.85 0.026

16A




Table A3.6

»

Shows mean (;), standard deviation (S.D.). and standard error of the mean (S.E. x)

3 of stomata length, pollen grain dimension and anther length for plant groups cultivated
o
in 1974, (Measurements expressed as um)
TANK Stomata length Pollen grain dimension Anther length
NO. ‘

N x S.D. S.e.x N x S.D. S.e.x N X S.D. S.e.x
3A 10 3.05 +0,19 +0.,06 9 2.78 +0,17 +0.06 9 57.78 +2.96 +0,99
4A 8 3.08 0,72 0,07 7 2.97 +0.08 +0.03 8 49.07 5,27 +1.86
7A 10 2.88 0.14  30.04 | 10 2,82 *#0.12 - 40,04 10 62.59 +4.39 +1.39

12A 8 3.08 +0.15 +0,05 7 2,98 +0.03 +0.01 8 67.95 +4.71 +1.67
154 10 3.33 +0.33 0,10 7 2.89 +0,07 +0.03 8 56.75 +5., 66 +2,00
10B 9 3.39 +0.53 40,18 9 2.91 +0.09 +0.03 9 56.11 +3.87 +1.29
11B 10 3.54 +0. 40 40,13 9 2,78 +0,16 +0,05 9 56.54 +5.54 +1.85
12B 8 3.45 +0, 45 +0.16 10 2.97 +0.07 +0.02 5 62.24 +5,93 +2.65
138 10 3.69 +0,27 0,09 8 2.89 +0.09 +0,03 10 60.91 +4,19 +1.33
14A 10 3.47 +0.48 40,15 8 0.72 +0.22 +0.08 10 62,45 +4.87 +1.54
1B 10 3.62 +0.13 +0,04 9 2.56 110.18 +0.06 10 40,32 +3.02 +0.96
2A 10 3.04 +0.22 40,07 10 2,45 +0, 24 +0,08 9 42.14 +2,80 +0.93
5B 10 2,99 +0,05 +0,02 10 2,56 +0.17 +0.05 10 38.10 +3,09 +0.98
7B 10 3.66 +0.29 +0.09 | 10 2.64 0,14 +0.05 10 41.97 *4.97 +1,57
11A 10 2,89 +0,18 +0,06. | 10 2.50 +0, 20 +0.07 10 42,68 +3,40 +1,08
158 10 3.59 +0.25 +0,08 | 10 2.69 +0.20 +0.06 10 41,76 +h.14 +1.30
2B 10 3.69 +0,45 +0. 14 9 2.42 +0. 24 +0.08 10 39.98 +2,93 +0.93
4B 10 3.37 +0.19 70,06 10 3.07 0,11~ #0.04 | -10. 57.24.  *4.69__  ¥1,51
6B 10 3,22 +0,18 ¥0.06 10 2.39 ¥0.13 ¥0.04 10 46,32 2,63 +0, 83
8A 10 2,51 +0.33 +0.10 10 2,25 +0.,09 +0.03 10 40,44 +4,19 +1,33
9B 10 3.39 +0.25 +0.08 | 10 2.59 +0.16 +0.05 10 42,94 42,91 +0.92
168 4 3,04 +0.05 +0.03 4 2.85 +0.13 +0.06 4 41.35 +2.30 +1.15
9A 6 2.87 +0.15 +0, 06 5 2,27 +0. 10 +0.05 6 40.07 +2.,59 +1.06
10A 10 2,96 +0.13 +0.04 5 2.32 +0.09 +0.04 10 36.43 +2,74 +0,87
16A 10 3.31 +0.42 +0.13 6 2.63 +0.09 +0,04 7 41,00 +5.29 +2.00
N = number of plants,
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Table A 3.7 Shows means (x) and standard deviation (S.D.) of the fertile segment components

for plant groups cultivated in 1974, (Measurements expressed as mm),

TANK A* B C D E F G
NO. N :
X S.D. X S.D. X S.D. X S.D. x S.D. x S.D. | X S.D.
3A 9 | 2.8 +0.20 | 2.8 +0.34 | 2,54  #0.34 | 1,91  +0.31 | 1.72  #0,16 | 1,47  +0.26 | 1,02 +0.28
4A 8 | 3.25 #0.45 | 3,05 ¥0,29 | 2,89  *0.21 | 1.86  #0.42 | 1,79  ¥0.29 | 1.58  ¥0.35|1.14 F0.32
7A 15 | 2.68  #0.19 | 2.49  %0.27 | 2,38 30.20 | 1.65 #0.38 | 1.41  %0.33 | 1.17 F0.35|0.71 F0.24
12A 8 | 3.08 ¥0.33 | 2,96 ¥0.35 | 2.68 ¥.,28 | 1.98 F0.30 | 1.69 0,20 | 1.51  ¥0,25|1.16 F0.30
15A 8 | 3.26 ¥0,27 | 3,20 F0.26 | 2.80  ¥0.20 | 2,14 F0.18 | 1.75  F0.17 | 1.45  ¥0.23|1.09 0,17
10B 9 | 3.33  40.45 | 3,04  +0.44 | 2.80  +0.42 | 2,09  ¥0.55 | 1.79  +0.42 | 1.51  +0.38|0.89 +0.27
11B 10 | 3.36  #5.23 | 3,08  *0.48 | 2,67  ¥0.33 | 2,23  F0.41 | 2.11  ¥0.33 | 1.89  ¥0.45 [1.48 ¥0.38
12B 8 || 3.35 +0.33 | 3.21  %0.37 | 2,94 .35 | 2,20 ¥0.28 | 1.93  ¥0.19 | 1.54 ¥0,22|0.89 70.19
138 13 | 3,80  ¥0.39 | 3.56  ¥0.33 | 3,29  30.30 | 2.53 ¥0,17 | 2.40 F0.19 | 2,07  +0.29 [ 1.50 +0.23
14A 14 | 3,77  *0.38 | 3,47  %0.33 | 3.19  ¥0.28 | 2.04  ¥0.34 | 1.98  F0.36 | 1.65 ¥0.39 |0.95 +0.29
1B 15 || 4,59  *0.23 | 4.26  ¥0.26 | 3.59  ¥0.24 | 1.62  ¥0.29 | 1.83  ¥0.12 | 1.47 F0.13[1.17 70.70
24 15 | 3.88 - +0.40 | 3,69  +0.48 | 2,98  #0,27 | 1.21 40,18 | 1.45  ¥0.19 | 0.98  +0,25|0.75 F0.16
5B 14 || 471 30,54 | 4,60 30,49 | 3,30  ¥0.29 | 1.26 ¥0.13 | 1,69  ¥0.09 | 0.99  F0.14 |0.60 ¥0.09
7B 5§ 5.02  +0.83 | 4,80  +0.74 | 3,53  +0.48 | 1,70  +0.28 | 2,12  ¥0.22 | 1.37  +0.30 |0.49 F0.29
11A 10 | 3.73  *0.66 | 3.48  *0.73 | 2.77  ¥0.42 | 1.40  ¥0.33 | 1.43  ¥0.20 | 1.11  ¥0.26 |0.85 +0.20
158 10 | 4,31  #0.31 | 4,10 *0.33 | 3,19 ¥0.20 | 1.79  ¥0.17 | 1.85 ¥0.13 | 1.54  ¥0,16 | 1,09 ¥0.12
2B 12 || 4,22 40,48 | 4,06  +0.38 | 3,35 +0.38 | 1.97  +0.23 | 1.83  ¥0.87 | 1.56 0,08 |0.83 +0.13
4B 5 2,77  ¥0.20 2,63  +0.25 2,37 %0.30 | 1.83  %,25 | 1,70 ¥0.35 | 1.40 0,60 |0.80 ¥0.35
6B 14 | 4,10 30,41 | 4,19 #0.47 | 3,10  #0.24 | 1,44  ¥0.10 | 1.80 +0.12 | 1.30 0,15 |0.58 ¥0.29
8A 15 | 3.54  ¥0.61 | 3,33  30.65 | 2,46  F0.34 | 1.45 0,36 | 1,5  ¥0.29 | 1.22  ¥0.33 |0.79 70,23
9B 15 | 4.83 0,25 | 4,89 40,38 | 3,54  *0.32 | 1.81  #0.34 | 2.09  ¥0.23 | 1.37  ¥0.34 |0.58 ¥0.20
16B 51 3.78  #0.34 | 3,55 +0.10 | 2,88  ¥0.29 | 1.95 0,64 | 1.93 #0.22 | 1.53 ¥0.33 [1.10 30.28
9A 6 | 3.22  #0.16 | 3.00 #0.17 | 2,32  *0.04 | 1,20 *0.14 | 1.37 ¥0.08 | 1.08 .+0.08 |0.65 +0.05
10A 9 1 3.11  +0.38 | 2,83  +0.41 | 2,47  +0.15 | 1.76 *0.10 | 1.56 F0.,11 | 1.53  %0,10 |0.97 F0.12
16A 70 3.59  $0.29 | 3.31  #0.29 | 2.63  #0.27 | 1.47  ¥0.55 | 1.51  +0.38 | 1.10  ¥0.36 (0.74  +0.26
I >

* See Figure 3.14
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Table A 4.1 Shows the axes vélues(aXis 1 and 2 ) for each of the 29
Salicornia types cultured, according to their phenolic
glycosides based on the Principal Components Analysis.

CYCLE MUMBER = 1
ITERATION = 61 MAXIMUM 00T = 26 VALUG OF . 28084098E402

PERCENT VARIANCE 2(.95828

CYCLE 'MuMeer =

N

ITERATION = 46 MAXIMUM ROOT = 17 VALUE OF «2116€5826432
PEPCENT VARIANCE 15.79596 A .
CYCLE MUMBSR = 3 i -
ITERATION = 171 MAXIMUM ROOT = 16 VALUE OF .15589789c 402
PERCENT VARIAMCE 11.63417 : '
TOTAL YARIANGE = - .135000005+03
COORDINATES FOR PLOTTING
1 2 3
1 «559 1.877 .0
2 3 .333 1.887
3 .778 $369 487
4 1.061 3.127 1.402
-5 . .239 0 1,543 -
) 6 «540 . . 045 1.655 )
7 ‘492 . 756 . 1.149 . -
8 664 1.199 1.322
-9 .665 1,057 1,368
10 .653 .830 314
11 1.602 .361 2.659
-12 .393 2.265 1,474
13 «532 2,583 1.640
14 .223 . 168 1,568
15 782 432 .792 B
- 16 1.049 1.160 2.945 ’
17 : <483 3.4L5 1.829 E
18 1415 .933 2.698
19 1.091 1.805 1,813
20 1.657 1.331 .2t .
21 .. 1.892 1.365 1.610
22 L 2.944 1.140 1.174
T 23 : 1.852 . 666 2,885 -
24 3.039 1.832 1.981
25 2.811 . 945 877
26 - 3.061 . 935 .89 )
27 3.012 ohu7 1.046
28 2.7814 1.375 1.216
29 2.392 1.5683 1.7¢5

AXIS ORIGINS 1.333 1.182 1.652
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Table A 5.1 Measurement of the vegetative characters for
S. ramosissima type grown in the complete nutrient

solution, Growth experiment 1975.

1. §hoot length

Tank . .
No, N Min. Max. Mean, S.D. -2S +25 Varilance

11A 13 12.00 13.5 12.15 +1.009 1.014 1.417 1.0194

11B 11 7.00 - 14,0 10.76 +2,335 6.085 1.542 5.4507
12A 13 9.8 14.7 13.23  +1.477 10.276 16.185 2,1823
12B 13 9.2 15,00 11,82 +2,152 7.519 16.127 4,6303
13a 12 7.5 13,00 10.50 +1.449 7,600 13.400 2.1018
13B 9 10.3 14.20 11.73 = +1.162 9.416 14.057 1.3500

2. Root Length

?;ﬁk N Min. Max. Mean. S.D. -2S +25 Variance
114 13 6.5 10.00 8.231 +1.269 5.694 10.776 1.6090
118 . 11 4.5 14,00 7.445 +2.677 2.091 12.800 7.1667
124 13 5.0 10.5 7.615 +1.8502 3.915 . 11.316 3.4231
128 13 4.5 9.0 6.208 +1.850 3.825 8.590 1.4191
134 12 5.5 9.0 6.833 +l.174 4.485 9.182 1.3788
138 9 6.0  11.5 7.611 +1.997 3.618 11.604 3.9861
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Table A 5.1 Continued = Complete nutrient solution.
3. Total Number of Terminal Spikes/plant.

Tﬁg? N Min. Max. Mean. S.D. -25 +25 Variance
11 13 70 130 98.85  +18.84 61.17 136.52 354.946
11B 11 25 195 90.36  +62.65 =-34.94 215.67 3925.023
124 13 50 180 115.46  +41.20  33.05 197.88 1697.440
128 13 30 170 77.08  +43.94 -10.80 165.96 1930.724
134 12 20 . 64 38,00  +11.31 15.37  60.63 127.916
138 9 33 107 62.00  +20.40 21.19  102.80 416.i60
4. Terminal spike length
Tgik Min. Max. Mean. S.D. -2S +285 Variance
114 13 2.0 3.7 2.89 © +0.476 1.933 3.836 0.2264
113 11 1.7 4.2 2.79 +0.712  1.367  4.215  0.5069
124 13 1.8 4.0 3.05 +0.694  1.667  4.441  4.810
12B 13 2.0 4,7 3.24 +0.943  1.352 5.124  0.8892
134 12 2.2 4.0 3.12 +0.669  1.785  4.448  0,4433
138 9 2.4 3.8 3.34 +0.640  2.063  4.626  0,4103
5. Fertile segment number in the terminal spike.

T;ik N Min. Max. Mean. S.D. -25 +25 Variance
114 13 11 14 11.62 'i}.325 8.965 14.266 1.7564
118 11 6 19 11.46  +3.616  4.223  18.686 13.0727
124 13 7 15 11.08  +2.549  6.497  15.657  5.2436
128 13 8 18 12.00  +3.674  4.652  19.348 13.5000
134 12 10 17 13.00  +2.449 8.101 17.399  6.000
13B 9 10 20 14.00  +3.539  7.366  21.523 12.5278




7

371.

Table A 5.2 Measurements of the vergetative éharacterg

for S. ramosissima type grown in nitrogen -

deficient solution.

1. Shoot length (cm.).

Growth experiment, 1975.

Tank ‘ .
No N Min, Max. Mean S.D. =28 +28 Variance
8A 9 0.9 2.7 1.41  +0.573 0.265 2.558  0.3286
88 9 1.0 2.9  1.68  +0.649 0.379 2,977  0.4219
94 13 2.4 5.2 3,89  +0.806 2.272 5.497  0.6497
9B 13 2.7 6.2 3.90.  +0.949 2.010 5.806  0.9008
104 13 1.0 3.4 2,42 +0.643 1130 3.701  0.4131
10B 13 2.0 6.0  3.72  +1.206 1,312 6.134  1.4536
2. Root length (cm.).
?;:E" N  Min, Max, Mean S.D. -28 +25 Variance
8A 8 3.0 6.5 5.09  +1.410 2.276 7.909  1.9898
8B 8 3.5 9.5 6.28 - *2.427 1.421 1.113  5.8907
9A 12 4.8 9.5.  6.64 . +1.487  3.667 9.616  2,2117
9B 13 5.0 8.0 . 6.18  +0.896 4.38 7.968  0.8019
10A. 13 4.0 9.5 6.43  +1.616 3.198 9.663  2.6123
106 13 4.0 11.5 7.45  +2.370 2.705 12.187  5.6194
3. Total number of Termina1 spikes/p1ant.
Tﬁﬁ% N Min, . Max. Mean S.D. =28 +25 Variance
8A 9 1 1 1.00  +0.00  1.000 1.000 0,00
8B 9 11 1.00  +0.00  1.000 1.00  0.00
9a 12 1 2 1.17  +0.39  0.39  1.95 .152
9B 13 1 6 1.54  +1.39  -1.24 4,321  1.94
loA 13 1 1 1.00  +0,00 1,00 1,00 0.00
108 13 1 5 1.92  +1.92  -0.96 4.80 2.08
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Table A 5.2 » Continued = (nitrogen—deficient treatment)

4. Terminal spike length (cm.).

?ﬁﬁk N Min. Max. Mean. S.D. -28 +28 Variance
8A 9 0.2 0.7 0.367  +0.141 0.084 0.650  0.0200
8B 9 0.2 0.6 0.322  +0.12  0.082 0.563  0.01l44
9A 13 0.3 1.1 0.692  +0.275 0.142 1.243  0.0758
9B 13 0.4 1.0 0.677 40,154 0.370 0.984 0.0236
10A 10 0.2 0.8  0.560  +0.165 0,231 0.889  0.0271
10B 13 0.4 1.4 0.900  +0.310 0,278 1.522  0.0967

5. Fertile segment number in the Terminal spike.

| f;i% N Min. Max. Mean. S.D. -2S +2S  Variance |
8A 9 1 3 1.44 +0.727  -0.01 2.897  0.5078 |
88 9 1 2 1.11 +0.333  0.444 1.778  0.1111

9A: 13 1 4. 2,69 +1,250 0,191 5.194  1.5641

9B 13 1 4 2.69 40.855  0.983 4,402  0.7308

10A 13 1 3 1.77 +0.725  0.319 3.219  0.5256

108 13 1 6 3.77  +1.480  0.808 6.731  2.1923

6. Total number of primary branches from the main axis.

Tank v ’

Ng, N Min. Max. Mean. S.D. =25 +25 Variance
8A 9 0.00 0.00  0.00 +0.00  0.00  0.00  0.00
8B 9 0.00 0.00  0.00 +0.00  0.00  0.00  0.00
9A 13 0.00 1.00  0.538 +0.519 -0.499 1.576  0.2692
9B 13 0.00 8.00 0.769 42,20 -3.639 5.178 4.8590
10A 13  0.00 0.00  0.00 +0.00  0.00  0.00  0.00

108 13  0.00  4.00  0.92 +1.44  -1.959 3.805 2.0769
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.Continued -

7. Total number of sterile segments in the main axis. .

373.

(nitrogen—-deficient treatment)

Tank

0.00

No. N Min. Max. Mean. S.D.- -2S +25 Variance
8A | 9 3 8 4.89 +1.965 0.959  8.819 3.861
8B 9 4 8 5.22 +1.564 2.095 8.349  2.44
9A 13 8 10 9.23 _#0.725 7.781 10,681  0.526
9B 13 6 12 9.39 +2.103 5.178 13.591 4,423
10A 13 6 9 7.08 +1.115 4.847. . 9.307 1.244

. [toB 13 7 13 9.23 +2.743  3.744 1,717 7.52
8. Length of the lower most branch,
Tﬁﬁ% N Min. Max. Mean.  S.D. =25 +25 Variance
8A 9 0.0 0.00.  0.00 +0.00 0.00 0.00 0.00
8B 9 0.0 0.00  0.00 +0.00 0.00 0.00 0.00
9A 13 0.0 0.00 0.00 +0.00 0.00 0.00 0.00
9B 13 0.00 0.00 0.00 40.00 0.00 0.00 0.00
10A 13 0.00 0.00 0.00 40.00 0.00 0.00 0.00
10B 13 0.00 0.00 0.00 +0.00 0.00 0.00 0.00
9. Length of the upper most branch.
T:ﬁk Min. Max. Mean. S.D. -2S +25 Variance
8A 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8B 9  0.00 0.00 0.00 0.00 0.00 0.00  0.00
9A 13 0.00 0.00 . 0,00 0.00 0.00 0.00 o.oo.
9B 13 0.00  0.00 0.00 0.00 0.00 0.00 0.00
10A 13 0.00 0.00  0.00 0.00 0.60  0.00 0.00
10 13 0.0 0.00  0.00 0.00 0,00 0.00
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3.16

Table A 5.3 - Measurements of the vegetative characters for
S. ramgsissima_typg grown in phosphorus - deficient
solution., Growth experiment 1975,

1. Shoot length,

gz& N Min. Max. Mean. S.D. -28 +28 Variance
5A 13 13.0 15.8 14,47 +1.05 12.352 16.586 1.1206
5B 13 11.0 17.0 12,98 +2,091 8.794 17,160 4.3736
6A 13 12.0 17.5 14.36 +1.717 10.927 17.796 2.9492
6B - 13 10.0 17.8 | 12,52 +2.012 8.492 16,539 4,04064
7A 13 12,0 16.0 13.78 i}.ZOB 11.361 16.192 1.4586
7B 13 8.4 16.8 13.22 +2.689 7.837 18.594 7.2331
2. Root length

ank ,

"No. N Min. Max. Mean. S.D. -2S +2S Variance
5o 13 7.00 12,5  9.169  +1.631 5.907 12.432  2.6606
58 13 44 1.0 7.800  +1.731  4.338 11.262  2.9967
6A 13 6.0 12.9 9.369 *2.149 5.071 13.668 4.6190
6B 13 5.0 14,3 7.623 +2.335 2.952 12,294 5.4536
7A 13 5.5 10.0 7.654 +1.586 4,481 10,826 2;5160
7B 13 6.5 11.3 8.169 +1.358 5.453 10,885 1.8440
3. Total number of terminal spikes/plant.

i:k N Min. Max. Mean. - S.D. -28 +28 Variance
5A 13 55. 17.0 111,769 +33.81 44,15 179.391 1143.116
5B 13 28. 27.0 77.308 +64.52  -51.74 206,354 4162,830
6A 13 45, 127. 85.154 +33.82 17.52 152.78 1143,792
6B 13 20. 130, 56.538 +30.37 -4,19 117.28 922,3369
7A 13 95, 225, 150.00  +41.42 67.15 232.84 1715.616
7B 13 2.5  163. 82.538 +39.69 161.91 1575.296
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Table A 5.3 Continued - (Phosphorus—deficient treatment)
. 4. Terminal spike length

.ng% N Min, Max. Mean., S.D. -25 +2S Variance
5A 13 2.0 4,5 3.023 +0.6392 1.75 4.30 0.4086
5B . 13 2.0 - 4.4 3,069 +0,709 1.65 4,49 0.5023
6A 13 2.4 4.2 3,338 +0.750  1.85  4.84  0.5626
68 13 1.7 3.0  2.562  +0.3404 1.88  3.24  0.1159
7A 13 1.5 2.3 1,956  +0.226  1.50  2.40  0.0510
7B 13 2.0 4,2 3.215 . +0.679 1.86 4.57 0.4614
5. Fertile segment number in the terminal spike
T;:k Min. . Max. Mean. S.D. ~28 +25 Variance
5A 13 9. 12, 11.69 *2.529 6.634 16.751 6.3974
5B 13 9. 13, 12.23 +2.6506 6.930 17.532 7.0256
6A 13 10.  17.  13.00  +2.000  9.000 17.000  4.000
6B A13 8. 14, 11.231  +1.6408 7.949 14.512 2.6923
7A 13 7. 10. 8.358 +0.9608 6.463 i0.306 9.231
7B 13 8. 15. 12.00  +2.1603 7.680 16.320 4.6667
6. Total Number of primary branches from the main axis.
T;:k Min. Max, Mean. S.D. =28 +2S Variance
5A 13 24,0 3.2 28.462 “:?.7269 123,008 33.915 7.4359
5B 13 16.0 4.0 25.385  +6.3448 12,695 38.074:“40.2564
6A 13 22.0 32, 28.308 +3.9027 20,502 36.113 15.2308
6B 13 16.0  36. 23.538  +5.0434  13.452 33.625 25,4359
74 13 26.0 3.2 29.077 +1.7541 25.569 32.585  3.0769
7B 13 16.0 3.2 24.923  +5.9786 -12.960 36.880 35.7436
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Table A 5.73 Continued - (Phosphorus—deficient treatment).

7. Total number of the sterile segment

?ﬁg? N Min. Max. Mean. S.D. -2S +25 Variance
S5A 13 14, 19, 16.308 +1.7974 12.713 19.903 3.2308
5B 13 12. 19, 13.769  +2.3859 8.998 18.541. 5.6923
6A 13 12, 20, 15.308  +2.5620 10.184 20,432 6.5641
6B 13 12. 18. 13,077 12.0191 9.039 1.7115 4.0769
TA 13 12. 15. 14.462  +1.0500 12.361 16.562 1.1026
7B 13 8. 17. 12.615 +2.8148  6.986 18.245 7.9231
8. Lenéth of the lowest brapch,

?;:f N Min. Max. Mean. 5.D. -28 +25 Variance
S5A 13 7.5 10.4 8.615 +0.80 7.009 10,221 0. 6447
5B 12 4.4 13. 7.542 i2.15 3.238 11.845 4.6299
bA 13 5.4 10.3 7.169 *1.50 4,152 10.186 2.2756
6B - 13 3.5 8.7 6.715  +1.40 3.899  9.532 1.9831
TA 13 5.5 9.4 7.977 *1.15 5.602 10.352 1.4103
7B 13 4.6 -11.2 8.115 *2.16 3.797 _12.433 4.6614
9. Length of upper most branch.

Tank

No. N Min, Max. Mean. S.D. -25 +25 " Variance
5A 13 1.7 3.2 2.562 10.4628 1.636 3.487 0.2142
5B 13 2.4 4.1 2.900  +0.5916 1,717  4.083  0.3500
6A 13 1.8 3.4 2.608 +0. 4406 1.727 3.489 0.1941
éB 13 1.5 3.2 2,292 ip.4645 1,363 3.221 0.2158
7A 13 2.0 3.2 2,508  +0.3904 1.727 3,289  0.1524
7B 13 1.8 3.0 | 2,600 19.3416 1.917 3.283 0.1167

s
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Table A~5.4 f Measurements of the vegetative characters for
' Saffhmqﬁ€33iﬁd grown under an increased light

intensity treatment. Growth experiment 1975.

1. Shoot length.

?S:k N  Min. Max. Mean. S.D. -2S +25 Variance
2A 13 13.2 21.5 17.32 . +2,460 12,403 22.243 6.052
2B 13 8.5 18.5 14.32 +3.059 8.198 20.433 9.356
3A 13 12,2 17.7 14,12 +1,783 10.557 17.689 3,179
3B - 10 9.5 19.4 13.78 +2.993 7.794 19.766 8.957
4A 13 14.0 18.1 16.39 +1.339 13.713 19.071 1,794
4B 11 10.0 17.0 12,86 +1.85 9.164 16.564. 3.423

2. Root length,

Tank

No. N Min. Max., Mean. S.D, -25 +25 Variance
2A 11 5.00 14.0  9.41 +2.468  4.473  14.345 6.090
2B 13 5.00 14.5  10.58  +2.398  5.781 15.373 5.750
3A 13 8.5 - 14.3  10.56  #1.757  7.048 14.075 3.086
3B 10 8.00 15.5 10,60  +1.983  6.633  14.567 3.933
4A 13. 9.5 12.5  10.24  +1.375  7.489 12.987 1.889
4B 11 5.5 10.5  8.76 +1.659  5.444 12,083 2.755

3. Total number of terminal spikes per plant.

Tan% Min. Max. Mean. 5.D. -25 +25 Variance
2A 12 115 = 685 447.0 +150.536 145.928 748.06 22661.087
2B 13 130 355 .241.84§ + 89.471  62.904 420.788 8005.059
3A 13 174 497 282.000 +103.024  75.951 488.049 10613.945
3B - - - - - - - -

4A 13 99 510. 276.85  +127.15 22.55 531.14 16167.123

4B 11 50 365 155.182 + 87.95 20.71 331.08 7735.203
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Table A 5.%

Continued - (Increased light intensity
treatment).

Q. Terminal #pike length.
Tﬁgf' N Min. Max. Mean, S.D. -25 +28 Variance
2A 13 2.0 8.7 4.100 +1.810 0.480 7.720  3.277
2B 13 1.8 5.0 2,785 +0.870 1.043 4,526 7,581
3A 13 1.00° 6.7 3.108 +1.499 0.109 6.106 2,247
3B 10 1.1 5.4 3.470 +1.207 1.055 5.885 1.458
4A 13 2.5 6.8 3.538 +1.089 1.360 5.716 1,186
4B 10 1.6 3.8 2.800 10.633 1.535 4.065 0,400
5. Fertile segment number in the terminal spike.
jTSEE Min. Max. Mean. S.D. =25 +28 Variance
2A 13 9 19 15.923  +6.448 3.027  28.819 . 41.577
2B 13 9 20 11.846  +3.105 5.636 18.056 9.6410
3 13 6 24 12,385  +4.857 2,671  22.098 23,589
3B 10 7 17 13.100  +3.178 6.744 19,456 10,100
4A 13 9 27 14.077  +4.368 5.341  22.812 19.677
4B 10 10 15 11.900 i2.330 7.238 16.562  5.433
6. Total number of primary branches from the main axis.
l?;:% Min. Max. Mean. S.D. =25 +25 Variance
2A 13 14 36 27.692  +6.156 15.380 40.004 37.897
2B 13 16 38 25.231 +6.085 13.061 37.401 37.026
3A 13 18 30 24,462  +3.072 18.318 30.605 9.436
3B 10 12 30 22,600  +5.967 10.667 34.533 35.600
4A 13 22 34 30.000  +4,243 21.515 38.485 18.000
4B 11 18 30 21.636  +4.080  13.474 29.798 16.655




Table A:5.4

Continued

F

379,

- (Increased light intensity

Y sktreatment) .

7. Total number of sterile segments in the main axis.

T;ﬁk Min. Max. Mean, S.D. -25 +25 Variance
2A 13 9 19 14,769  +3.004 8.761 20,778 2,026
2B 13 '10 20 13.923  +2,985 7.953  19.893 8,910
3A 13 12 16 13.692  +1.437 10.819 16,566 20.641
3B 10 8 16 12,500 +2.718 7.063 17.937 7.389
4A 13 13 17 15.000 * +1.528 11.945 18.055 23,333
4B 11 10 15 12.364 :i.629 9.105 15.622 2,655
8. Length of the lowest branch from the main axis.

TSﬁk N Min, Max. Mean. S.D. -2S +28 Variance
2A - 13 9.8 15.6 13.446  +1.779 9.887 17.006 3.168
|28 13 9.00 16.2 12,162  +1.941 8.279 16.044 3,768
3A 13 9.00 14.9 .11.938 +1.649 8.639 15.237 27,209
3B 10 7.0 13.4 9.850 +2.386 5.078 14.622 5,694
4A 13 11.5 16.00 -+ 12.669  +1.252 10.165 15.173 1.5673
B 11 5. 1.5 9.627  +2.043  1.541  13.713  4.1742
9. Length of the upper most branch from the main axis.

Angk N Min, Max. Mean. S.D. -28 +25 Variance
2A 13 4.7 6.7 5.938 10.709 4,521 "7.356 0.5026
2B 13 3.4 8.00 4,662 ‘11.269 2.124  7.199 1.6092
3A 13 3.1 8.00 4.600 +1.234 2.133 7.067  1.5217
3B 10 ,3.4‘ 6.00 4.570 +1.127 2.317 6.823 1.2690
4 13 4.4 6.9 5,246 +0.889  3.467 7.025 0.7910
4B 11 3.5 4.8 3.845 +0.610 ~2.624 5.066 0.3727
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Table A 5.5 Shows the minimum and the maximum measurements (mm) of fertile segment components for

Saliecormia ramosissima plants grown in a complete nutrient solution, in nitrogen~deficient
solution, in phosphorus-deficient solution and under an increased light intensity. Growth

experiments of 1975,

A ¥ B Cc D E F G
Treatments N

Min. Max. Miﬁ; Max. | Min. Max. | Min. Max. | Min. Max, {Min., Max. | Min. Max.

1. Plants grown in '
a complete nutrient | 15 2,3 3.5 (2.0 3.2 |2.3 2.7 1.6 1.9 | 1.4 1,7 { 1.4 1.7 [0.7 1.1
solution .

2., Plants grown in

nitrogen-deficient | 15 3.0 3.5 2.8 3.4 |2,3 2,7 {2,0 2.4 {1.8 2,2 }|1.6 2,0 |{1.0 1.2
solution,

3. Plants grown in

phosphorus-deficient] 50 2.2 3.3 1 2.2 3.0 1.7 2.5 1.5 2.2 1.4 2.2 1.4 1.7 10.7 1.1
solution, :

4, Plants grown under

an increased light 56 2.2 3.1 2,0 3.2 1.5 2.3 1.4 2.5 1.3 1.9 1.1 2,0 }0.6 1.4
intensity.

N = number of plants measured. * See Figure 3,14
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Table A 6.1 Measurements of the vegetative characters (cm.) and the fertile segment components (mm) of the

parent plants which their seeds cultured in the nutrient experiments of 1976.

=

Salicornia groups/ S. dolichostachya S. nitens 5. ramosissima
plant reference 1 2 3 8 12 13 14 15
and habit. ' .
. ’ decumbant erect | erect erect erect strict more more
I. Vegetative characters . . .
habit spreading | spreading
still
1. Shoot length 30,2 30.9 32,5 20.0 28.33 24,9 27.22 22.91
2. . Total numbe? of primary branches 34 38 36 2 30 16 32 28
from the main axis.
3. Number.of sFerlle segments 1in 17 19 18 13 15 18 16 14
the main axis.
4, Terminal spike length 4.4 3.2 3.4 3.2 2.8 4.0 2.3 1.6
5. Number o? fertl}e segments in 15 11 11 10 9 15 8 7
the terminal spike.
6. Length of the uppermost branch 3.1 1.7 2.2 1.7 2.3 2.3 1.9 1.3
from the main axis. :
7. Length of the lowermost branch 9.8 12 8.5 8.3 7.0 5.7 5.8 10.5
from the main axis.
8. Aggle of thg uppgrmost branch 60° 60o 50° 60° 60° 40° 40° 50°
with the main axis.

sy
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Table A 6.1 (Continued)

Salicormia groups/ 5. dolichostachya 5. nitens S. ramosissima
plant reference :
. and habit
II.Fertile segment components 1 2 3 8 12 13 14 15
decumbant | erect erect erect erect strict more more
habit spreading|spreading
still
1. Maximum width of the second _
fertile segment (A). 5.2 4.5 N 5.9 3.8 5.5 3.8 4,5 5.3
2. Maximum width of the fourth 5.0 4.5 5.3 3.4 5.2 3.8 4.8 5.5
fertile segment (B), T
3. Minimum width of the third :
4, Observed length of the segment (D) 1.9 2.4 2.5 1.9 3.8 3.06 2.8 3.3
5. Total length of the central :
flower (E). 2.2 2.6 . 254 1.6 3.2 2.8 2.9 3.1
6. Observed length of the central ' ‘
flower (F).. 1.9 2.4 2,3 1.5 2.9 2.4 2.2 2.8
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*Key to the number of

the vegetative characters, (Growtn exper-

’

iﬁents of 1976):—

1= Shoot length.,

2= Root length,

3= Total number oé primary branches from the main axis.
4= Number of sterile seéments in the main axis,

5= Terminal spike length.

6= Number of fertile segments in the terminal spike.
7= iengthiof the lowermost branch from the main-axis.
8= Length of the uppermost brancﬁ from the main axis.

9= Angle of the uppermost branch with the main axis.

10 =Angle of the lowermost branch with the main axis.



Table A1 6.2,

TANK NO. 3A -

Minimum, maximum, mean, Standard deviation (S.D.),

384.

'&ériance and 957 confidence limit values for Salicornia

dolichostachya vegetative characters in the four

nitrogen levels.

Nitrogen level 5 p.p.m.

Vegetative : :
Character No. N Min. Max.  Mean. S.D. Variance -95CL +95CL
1 12 10.00  13.80 11.5  +1.176 1.383 10.80 12.29
2 12 5.5 8.00  6.95 :9,844- _6.712 06.41 07.49
3 12 24.0  30.00. 26,67  +1.969  3.879 25.42 27.92
4 12 12 15 13.33  +0.779  0.606 12,84 13,83
- 5 12 1.1 1.4 1.23 +0.107  0.012 01,17 01,30
6 12 4 5 4.25 +0.45  0.20 03.96 04,54
7 12 1.9 8.2 2.95 +2,016  4.063 01.67 04,23
8 12 0.4 1.0 0.66 +2.065  4.265 05.27 07,89
9 12 30° 40°  32.50  +4.523  20.455 29,63 35,37
19' 12 30° 40° 38.75 . +6.784 46.023 34.44 43,06

= TAﬁK»NO. 4A -  Nitrogen level 15‘p.p.m-;.
Vegetative .

Character No.” N Min. Max. Mean. S.D. Variance -95CL  +95CL
1 12 15.2 19.5  17.217  +1.506 2.269 16,26 18.17
2 11 6.0 10.0 7.91  +1.323  1.749 07.02 08.79
3 12 30 38 34.2 +2.758  7.606 32,41 35,92
4 12 15.0 19.0  17.17  +1.267 1.606 16.36 17.97
5 12 1.7 2.2 1.87  +0.144 0.020 0l.78 0L.96
6 12 6 8 6.75  *0.754  0.568 06.27 07.23
7 11 3.5 14.0 7.68  +3.685 13,582 05.20 10.16
8 12 0.5 1.5  0.94 +0.268  0.072 07.71 11.12
9 12 30° 40° 34.17  +5.149 26.515 30.89 37,44
10 12 40° 40° 40.00 +0.000  0.00 40.00  40.00
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- Continued =~ (Salicornia dolichostachya)

Table A, 6.2,

TA&K NO. 5A - Nitrogen level 45 p.p.m.

Vegetative

Character No.* N Min, Max. Mean. S.D. Variance -95CL +95CL
1 15 17.9 22.8  20.94  +1.523  2.319 20.09 21,78
2 15 8.0 11.5 9.67  +1.079 1.164 09.06 10.26
3 15 36.0 44.0  40.00  +2.619  6.857 38.55 41,45
4 15 19.0 22,0 20.13  +1.126 1,267 19.51 20.76
5 15 1.3 2.3 1.73 +0.258  0.066 01.58 01.87
6 15 5 8.0 6,13 +0,916  0.838 05.63 06.64
7 15 6.2 17.0  9.88 +2.699  7.287 08,39 11.38
8 15 0.5 1.6 0.99 +1,075  1.155 00,79 01,18
9 15 30° 50° 42.00  +7.746  60.00 37.71 46,29
10 15 30° 40° 33.67  +5.499  30.238 30.62 36.71

TANK NO. 6A - Nitrogen level 135 p.p.m.

Vegetative ‘

Character No. N-* Min. Max. Mean. S.D. Variance -95CL +95CL
1 15 16.00  20.8  18.29  +1.524 2:323 1744 19.13
2 15  6.00 9.5 7.80  +1.279  1.637 0709 08.50
3 15 32.0 44, 35.60  +3.719  13.829 33.54 37,66
4 15 16.0 21.0 17.67  +1.759  3.096 16.69 18.64
5 15 0.9 1.4 1.16 +0.475  0.226 01,08 01’_24
6 15 4.0 6.0 4,60  +0.633 0,400 04,525 0435
7 14 5.3 12.5 8.01  +1.783 3,178 0699 09,04
8 15 0.5 1.0 0.78  +0.167  0.028 00,68 00,88
9 15 30° 50°  36.67 +7.238  52.381 32,66 40.68
10 15 30° 40° 32.00  +4.140 17.143 29.70 34.29

*See page 383




Table A:6,3

and 95% confidence limit values for Salicornia nitens

vegetative characters ion the four nitrogen levels,

TANK NO. 3B

Nitrogen level 5 p.p.m.

3846,

Minimum, maximum, fieaa, standard deviation (S.D.) ¥ariance

Vegetative
Character No. N Min, Hax. Mean, S.D. Variance -95CL  +95CL
1 12 15.6 21.8  19.433  +2.008  4.033 18.16 20.70
2 12 7.0 11.5 9.833  +1.271  1.615 09.05 10.62
3 12 16.0 19.0  35.167  +1.992  3.969 33.90 36.43
4 12 32.0 38.0  17.50  +1.087 1.182 16.30 18.19
5 12 0.8 1.3 1.01  +0.150 0.023 00.91 01.10
6 12 4. 7.0 5.33  +1.073  1.152 04.65 06.02
7 12 2.4 5.1 3.67 42,633 6.933 03,14 04,19
8 12 0.6 1.2 0.88  +0.233  0.054 00.74 01.03
9 12 30° 50° 35.83  +7.929  62.879 30.79 40.87
10 12 30° 40° 40.00  +6.030  36.364 36.17 43,83
- TANK NO. 4B - Nitrogen level 15 p.p.m.
Vegetative
Character No. N Min, Max. Hean. S.D. Variance -95CL +95CL
1 12 23.3 28.7  26.283 +2.182  4.759 24.89 2767
2 12 8.5 14.0  10.767 +1.489  2.217 09,82 11.71
3 12 32.0 46.0 40,00  +3.81 14.546 37.58 42,42
4 12 16.0 22.0 19.917  +1.564 2,447 16.36 17.97
5 12 1.2 2.2 1.76 +0.290  0.085 01.57 01,94
6 12 6 10.0  8.58 +1.240  1.538 07.79 09.37
7 12 5.3 10.8  7.66 +1.852 3,428 06.48 08.84
8 12 0.9 1.7 1.29 +0,214  0.048 01,15 01.43
9 12 30° 40° 32.08°  #3,965 15.719 29,56 34,60
10 12 30° 50° 35.83°  +7.929  62.879 30.79 40.87

* See page 383
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Table A:6-3}

TANK NO. 5B

Continued

(Salicornia nttens)

Nitrogen level 45 p.p.m.

Vegetative -

Character No N  Min. Max, Mean. S.D. Variance —-95CL +95CL
1 12 27.8 32.3  29.500 +2.18L  4.758 28.81 30.89
2 12 9.0 14,0 11.63  +1.773  3.142 10.49 12.75
3 12 44, 50. 46.17  +1.800  3.242 45,02 47.31
4 12 21.0 25. 22,75  +1.138  1.296 22,03 23.47
5 12 1.5 1.8 1.65 +0.232  0.054 01.50 01.79
6 12 6.0 9.0 8.33 +0.888  0.788 07.77 08.89
7 12 8.2 15.2  12.33  +2.879  8.289 10.50 14,16
8 12 0.7 1.1 1.03 +0.166 0,028 00,92 01,13
9 12 30° 50° 38.33  +5.774  33.333 34.67 42.00
10 12 30° 50° 40.83  +5.149  26.515 37.56 44,10

TANK-NO. 6B - Nitrogen level 135 p.p.m.

Vegetative ¥

Character No. N Min. Max. Mean. S.D. Variance —95CL +95CL
1 12 22.0 26.5  25.108  +1.29  1.689 24,28 25,93
2 11 9.5 12.0 11,091 +0.800  0.640 10.55 11,63
3 12 36.0 44.0  42.00  +2.558  6.546 40.37 43.63
4 12 18.0 22.0  20.917 +1.24  1.538 20,13 21,70
5 12 0.8 1.2 1.083  +0.111 0.012 01,01 01,15
6 12 4.0 5.0 4.667  +0.491  0.242 04.35 04.98
7 11 9.7 12.5  10.836  +1.264  1.599 09.99 11.69
8 12 0.5 1.2 0.908  +0.183 0.034 00,79 01,03
9 11 40° 60° 48.18  +6.030  36.364  44.13 52.23
10 11 50° 60° 54.44 45,222 27.273 51,04 58.05

* See page 383
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Table A.6.4 Minimum, .maximum, mean, Standard deviation (S.D.),
yarlance aqd“?SZ coqfi?ence limit for Salicornia
ramosﬂssih& cgéractér;&in the four nitrogen levels.

TANK NO. 3C - Nitrogen level 5 p.p.m.
_.Vegetative
Character No. N Min. Max. Mean. S.D. Varience =-95CL +95CL
1 15 12.7 16.1 14.887 +1.019 1.038 14.32 15.45
2 15 4.5 12.5 6.633 +1.923 3.696 05.57 07.59
3 15 24.0 30.0  26.933 +1.830  3.352 25.92 27,95
4 15 12.0 15.0 13.533  +0.834 0.695 13,08 13,99
5 15 0.7 1.2 0.900 +0.114 0,013 00,84 00,96
6 15 4.0 5.0 4.33 +0.488  0.238 04,06 04,60
7 15 1.4 3.5 2.02 +0.732 0.536 01,62 02,3
8 15 0.5 | 0.7 0.633 *0.072 51238 00.59  00.67
9 15 30° 40° 36.333  +5.499  30.238 33,29 39.38
10 15 30° 50° 40.667  +7.988  63.809 36,26 45.09
TANK NO. 4C Nitrogen level 15 p.p.m.
Vegetative .
Character No. N Min, Max. Mean. S.D, Varience =-95CL +95CL
| 1 15 18.6 24.5 21.980  +1.819 3.286 2098 2298
2 15 5.0 8.5 6.933 - +1.163 1.352 0629 07.58
3 15 32 38 34.533 12.199 4 8.8 33.32 35.75
4 15 16 19 17.267 i1.033 1.067 1669 1784
5 15 0.9 1.4 1.10‘7 10.149  0.022 0102 01.19
) 15 4.0 7.0 5.533 +2.637 6.952 0507 0599
7 15 1.6 4.5 3.007 +0.837 0.7007 02.54 03.47
8 15 0.4 0.8 0.660 10.159 0.025 00.57 00.75
9 15 25°  30°  29.667 +4.083 16.667  28.95 30.38
10 15 20° 40° 32.00  +5.606  31.429 28.89 35.10

* See page 383
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Table A 6. &

‘Continued - (Saliecornmia ramosissima)
TANK NO, 5C - ﬁitrogen level 45 p.p.m.
Vegetative
Character No, N, Min, Max, Mean, S.D. Variance -95CL +95CL
1 15 21.5 26.8 24,587  +1.675 2,804 23,66 25,5
2 14 5.5 9.5 7.464  +1.117 1.249 06.82 08,10
3 15 30 40 36.267  +2.815 7.924 34,70 37,83
4 15 14 20 17.867 :}.552 2.409 17,00 18,73
5 15 0.9 1.6 1.247 10.188 0.036 01.14 01,35
6 15 5 8 6.733 :p.884 0.781 06,24 07,22
7 15 4.0 7.7 6.227 +1.492 2.226 05,40 07,05
8 15 0.5 1.0 0.793 +0,133 0.018 00.72 00.87
9 15 50° 60° 54.00  +5.070  25.714 51.19 56.80
10 - - - - + - - - -
TANK NO. 6C - Nitrogen level 135 p.p.m.
Vegetative _
Character No. N. Min. Max. Mean. S.D, Variance =95CL +95CL
1 15 15.3 23.2 18.427 42,083 4,338 17.27 19.58
2 14 5.5 8.5 6.614 +0.873 0.761 06.11 07.12
3 15 24 34 30.667  +2.992 8.952 29,01 32,32
4 15 12 17 15.333  +1.496 2.238 14,50 1g_ 16
5 15 0.4 0.9 0.527 19.144 0.020 0p,45 00,60
6 15 2.0 4.0 3.00 +8.452 71.43 02.53' 03,47
7 15 4.0 9.8 5.83 :}.411 1.991 05,05 06,62
8 15 0.3 0.6 0.467 +0.105 0.0110 00,40 00,53
9 15 50° 60° 51.667  +3.619  13.096 49,66 53,67
10 - - - - + - - - -

* See page 383




-

Table A. 6.5 .

TANK NO, 7A

phosphorus level 2 p.p.m.

in the four phosphorus levels.

390.

variance and 95% confidence limit values for

Salicornia dolichostachya vegetative characters

Miniﬁuﬁ:qiaximﬁm,idean, s tandard deviation (S.D.),

Vegetative _ _
Character No. N Min, Max. Mean. S.D. Variance -95CL +95CL
1 15 15.5 19.8  18.287 +1.238  1.533 17.60 18.97
2 15 5.5 100 _ 7.633 41.382 1.909 06.87 08.39
3 14 26.0 4.0  35.857 +3.880 15.055 33.62 38.09
4 14 13,0 20.0 17.786 +1.888 3,566 16.69 18.88
5 15 1.3 2.3 1.74  +0.463  0.214 01.48 01.99
6 15 4.0 9. 6.333  +1.345  1.809 05.59 07.08
7 13 5.6 15.2  8.44  +2.569  6.598 06.89 09.99
8 15 0.8 2.5 1.293  +0.422 0.178 01.06 01.53
9 15 30° 30° 30.00  +0.000 0.000 30.00 - 30,00
10 15 30°  40° 34,000 +5.070 25.714 31,19 36.80
TANK NO. 8A - phoéphofus level 4 p.p.m.
Vegetative
Character N5 N Min.  Max.  Mean.  S.D. Variance -95CL +95CL
1 15 lo.1  24.60 22.340 +1.835  3.368 21,32 23,36
2 15 5.5 0.3 6.92 +1.280  1.639 06.21 07.63
3 15 34 48 42,800 +3.986  15.888 40,59 45,00
4 15 18 24 21.333  +1.952  3.809 20,25 22,41
5 15 1.2 2.3 1.827 40,326  0.106  01.65 02.00
6 15 5 8 6.600  +0.910  0.829 06.09 07.10
7 14 7.0 17.2 11.50  +2,731  7.735  09.90 13.11
8 15 0.8 1.4 1.020  +0.178  0.032  00.92 01.12
9 15 30°  40°  34.333  +4.952  24.524  31.59 37.08
10 15 - 30° 400 37.333  #4.169  17.381 . 35.02 39.64
* See a-e 383
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Table A.6.5

TANK NO. 9A

Continued

- Salitcormia dolichostachya

- phosphorus level 8 p.p.m.

Vegetative
Character No. N Min. Max. Mean, S.D. Variance =95CL +95CL
1 15 12.5 18.2 15.247  +1.959 3.838 14.16 16.33
2 13 3.5 8.5 6.000 +1.291 1.667 05.22 06.78
3 15 24,0 36 30.267  +4.464 19.924 27.79 32.74
4 15 12.0 19 15.267  +2.154 4,638 14.07 16.46
5 15 1.2 2.5 1.567 +0.337 0.114 01.38 011.75
6 15 4,0 9.0 6,000 +1.309 1.714 05.28 06,73
7 15 7.4 13.0 10.100  +1.588 2,521 09.22 10.98
8 15 0.6 3.0 1.247 +1.919 3.684 00.91 01.58
9 15 30° 45° 33.667  +5.499  30.238 30.62 36.71
10 15  30° 50° 40.667  +7.988  63.809 36,26 45.09 |
TANK NO. 10A - phosphorus level 16 p.p.m.
Vegetative " x
Character No. N Min, Max. Mean. S.D. Variance . T95CL  +95CL
1 14 13.0 21.5 16.187  +5.414 29,303 13.19 19.19
2 14 5.0 8.0 5.673 . +1.719 2.956 04,72 06,63
3 14 26.0 40,0 31.20 +9.821 96,457 25,76 36.64
4 14 13.0 20,0 15.333  +4.879 23,809 12.63 18.04
5 14 0.8 2.4 1.687 +0.778 0.606 01l.26 02.12
6 14 3 9 6.467  +2.374  7.695 04.93 08,00
7 14 5.3 13.8 9.021 +3.482 12.123 07,011 131,03
8 14 0.8 1.8 1.17 +0.456 0.208 00.92 01.43
9 14 25° 40° 29.667  +9.348  87.381 24.49 36.84
10 14 30° 50° 40.667 33.28 48.06

+13.345 178.095

* See page 383
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Table A 6.6 B Minimum,‘@aximum, mean, sandard deviation (S.D.),
| QarianceAand 957 confidence limit values for
Salicéfhid”ﬁiteﬁé vegétative characters in the
four phosphorus levels.

TANK NO, 7B - phosphorus level 2 p.p.m.

Vegetative A
Character No. N Min. Max. Mean, S.D. Vafiancg -95CL +95CL
1 12 25.5  29.0 27.175  #1.290  1.666 26.36 27.99
2 12 5.5 14.0  9.083 - +2.353 5.538 07.59 10.58
3 12 40.0  50.0  45.167 +3.353 11.242 43.04 47.29
4 12 20.0  24.0 22,417  +1.379  1.902 21.54 23.29
5 12 L2 L9 1.65  +0.219  0.048 01.51 01.79
6 12 7. 9.A' 7.833  +0.937 0.879 07.24 08,43
7 11 7.5 16.7  10.609 = +2.970  8.825 08.61 12,60
8 12 0.6 1.5  1.183  +0.233 0.05 01.04 01.33
9 .12 40° 65° 52.500° +7.834 61.364 47.52 57.48
10 12 45° 60° 51.250 +6.077  36.932 47.39 55.11
TANK NO. 8B - phospﬁorus level 4 p.p.m.
Vegetative -
Character N&i. N Min. Max. Mean, S.D. Variance =95CL +95CL
1 - 12 285 36.0  31.717 +1.641  2.694 30.67 32.76
2 9 6.0 12.5 9.278  +2.450  6.007 07.39 11.16
3 12 44 52 49.167  #3.353 11.241 47.04 51,29
& 12 23 26 ... 24.583  +1.505. 2.265 23.63 25.54
5 12 1.2 2.5 1,74 #0.332  0.109  01.531 01.95
6 12 6 11 8.000  +1.279  1.636 07.19 08.81
7 12 8.6 16.2 12,792 +2.949  8.700 10.92 14.67
8 12 1.0 1.9 1.317 19.244 0.059 01.16 01.47
9 12 40° 60°  52.500  +6.216 38.636 48.55 56.45

10 12 50° 600  52.500 - +4.523  20.455 49.62 55.37

* See page 383
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Table A. 6.8

TANK NO., 9B

Continued

(Salicornia nitens)

- phosphorus level 8 p.p.m.

Vegetative

Character Ng%t N Min. Max, Mean., S.D. Variance -95CL +95CL
1 12 20.8  29.5 25,208 +3.393 11.512 23,05 27,36
2 12 6.0 11.5  9.292  +2.094  4.385 07.96 10.62
3 12 30 44, 39.333 0 +4.849 23,512 36.25 42.41
4 12 15. 22, 19.667 +2.425  5.879 ™ 18.13 21.20
5 12 1.4 2.1 1.642 +0.318  0.100 0l.44 01.84
6 12 6 10.0 8.583  +1.443  2.083 07.67 09.50
7 12 12.00 19.2 15.650  +2.517  6.333 14,05 17.25
8 12 - 0.9 1.4 1.108 i0.247 0.060 00.95 01.27
9 12 30°  50°  35.00  +6.742  45.455 30,72 39,28
10 12 40° 60° 45.833  +9.003  81.060 40.11 51.55

TANKtNO. 10B - phosphorus 1éve1 16 p.p.m.

Vegetative ‘

Character N&. N Min. Max. Mean. S.D. Variance  -95CL +95CL
1 11 23.5  33.8  29.155 +3.597  12.940 26.74 31.57
2 9 6.5 13.0  10.500 +2.345  5.500 08.69 12.30
3 11 34 56 46.727  +6.649 44,211 42,26 51.19
4 11 16 28 23,091  +3,448 11,890 20.77 25,40
5 11 1.0 1.4 1.155  +0.113  0.013 01.08 01.23
6 11 4 6.0 5.364  +0.674  0.455 0491 05.82
7 11 5.5 21.0  12.582  +4.907 24.075 09.29 15.88
8 11 0.7 1.0 0.873  +0.142  0.020 00.78 00.97
9 11 40° 55° 49.545  +3.503 12,273 47.19 51.89
10 11 40° 70° 55.455 +8.202  67.273 4995 60.96

* \5ée page 383
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-

394,

Minimum, maximum, means, sgmndard deviation (S.D.),
%ariance and 957 confidence limit values for Salicornia
ramdé£SSQMa veéééative characters in the four phosphoru;
levels. |
TANK NOo. 7C - ﬁhosphorus level 2 p.p.m.
Vegetative
Character No¥ N Min. Max. Mean. s.D. Variance -95CL +95CL
1 - 15 16.00 23.80- 20.087 42,269 5.153 18.83 21.34
2 13 6.00 8.5  7.156 +0.944 0.891 06.58 07.72
3 15 26.00 38.00 32.667 _:}.266 10,667 "~ 30.86 34.48
4 15 13. 18. 16.200 +1.521  2.314 15.36 17.04
5 15 0.5 1.2 0.940 .10.203? 0,041 0.83 1.07
6 15 3 8 6.13 _11.356 1.838 5.38 6.88
7 15 4.5 13.6  6.960 +2.146  4.60  05.7 08.15
8 14 0.4 0.9 0.95 19.207 0.043 O 83 0O 06
9 15 40° 75°  55.33  +13.292 176.667  47.97. 6269
10 - - - - + - - - -
TANK NO. 8C = phosphorus level 4 p.p.m.
Vegétative
Character No., N Min. Max. Mean. S.D. Variance -95CL +95CL
1 10 22,5  27.8  24.930...41.941 3.769 - 23.54 26.32
2 . 9 5.0 10.5 7.333  +1.837 3.375 05.92 08.75
3 ‘10 34. 44, - 37.00° .+3.558 12.66 34.45 39.54
4 - 10 -17. 21, 18.400 - +1.578 2.489 17.27 19.53
"5 10 0.3 1.2 0.700  +0.313 0.098 00.48 00.92
6 10 2,0 8.0 4,300 i2.003 4,011 02,87 05,73
7 — 10 3.5 9.0 6.50 +2,535 6.424 04,69 08,31
8 10 0.3 1.0 0.550  +0.255 0.065 00.37 00.73
9 7 30° 40° 35.90  +5.000  25.000 30.38  39.62
10 8  40° 50° 48.75  +3.536  12.500 45.79 51.70

* See page 383
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Table A6..7 . Continued (Salzcornia ramosissima)
TANK NO. 9C -~ phosphorus level 8 p.p.m.
Vegétative
Character No¥ N Min, Max. Mean. S.D. Variance -95CL +95CL
1 15 18.3 28.2 24,007  +2.807 7.879 22,44 25,56
2 15 6.00 10.5 8.300  +1.320 1.743 07.57 09,03
3 15 30.0 38.0 33.733 +1.656 13.63 31.69 35,78
4 15 13,0 19.0 16.800  +1.671 2,793 15.88 17.72
5 15 0.9 2.1 1.407 +0.347  0.120 " 01.21 O1.,59
6 15 6.0 11.0 8.067 +1.387 1.924 07.29 08,84
7 15 9.2 16.4 12,40 12.485 6,172 11.02 13.78
8 15 0.5 1.6 1.100  +0.278 0.077 00.95 01.25
9 15 40° 60° 50.667  +4.577 20,952 48,13 53,20
10 15 s50° 70° 56.33  +6.114  37.381 52,95 59.72
TANK §9: 10C -~ phosphorus level 16 p.p.m.

Vegetative

Character No. N Min. Max. Mean. S.D. Variance  -95CL +95CL
1 11 23.00 29.2  26.927 +2.261  5.1122 25.40 28,45
2 11 7.5 14.5 9.636 +1.976  3.905 08.30 10.96
3 11 36. 46. 41.818  +3.282 10.769 39.61 44.02
4 11 18.0 23.0 20,818 +1.6011 2.564 19.74 21,89
5 11 0.3 0.9 0.555  +0.220 0.049 00,40 00,70
6 1 2 6 3.364  +1.433 2,055 02,60 04,32
7 11 9.0 14.2  11.600 +1.574 2.476 10.54 12.66
8 11 0.4 0.6  0.491  +0.104 0.010 00.42 00,56
9 11 30°  60° 42,727  +2.969  8.818 36.65 48,80

10 11 50° 70° 55.455  +8.202 67.272 49,95 60.96

* See page 383
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Table: "A 6.8 :.. Minimum, ﬁaximum,'mean,ﬁstandard deviation (S.D.),
ﬁgriance;qnd,9SZ4Confidence limit values for
Salicornia dolichostachya vege#ative character in
the four sodium chloride levels. ;
TANK NO. 13A - Sodium chloride level 0.657%
Vegetative
Character No, N Min Max Mean MS.D. Variance -95cl +95c1
1 12 31.2 38.4 35.10'£i?.11? 4,482 33.755 36.445
2 10 7.5 11,0 10.00 +1.633 2,667 8.832 '1l1.168
3. 12 44, 52, 47,00 +3.668 13.455 44,669  49.331
4, 12 21, 26. 23.75 +1.485 2.205 22.807 24.693
5, 12 1.6 4.5 2,63 +1.090 1.189 1.940 3.326
6, 12 7. 19. 11.50 '+5.126 26.273 3.243 14.757
. 7. 12 8.2 19.0 15.46 +3.876 15.025 12.996 17.921
8 12 0.9 2.9 | 1.98 10,690 0.477 1.536 2.414
9 12 30, 50. 37.08 +6,200 38,447 33.144  41.023
10. 12 30. .40. 38.33 #3.892 15.152 35.860  40.807
TANK NO. 12A - Sodium chloride level 1.3%
Vegetative
Character No. 'N Min Max Mean S.D. Variance =95cl +95cl
1 12 25.0 30.8 29.283 +1.671 2.792 28,222  30.345
2’ 12 9.0 13.0 9.625 +1.785 3.188 8.491 10.759
3. 12 36.0 42, 39.333 *1.775 3.152 38.205 40.461
4 12 19.6 20. 19.833_:9.718 0.515 19.377  20.289
5 12 0.6 2.3 1.275 #+0.605 0.366 0.891 1.66
6. 12 2. 8.  4.333 +1.826 3.333 3.173  5.493
7 12 6. 16.8 10,275 :2.836 8.042 8.473 12,077
8 12 0.9 2.5 1.533 +0.605 0,248 1.217 1.850
9. 12 25.° 30. © 29.583 +1.443 2,083 28.666  30.500
10 12 30. ° 35. © 30,417 +1.443 2,083 29.500  31.334

* See ﬁage 383
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Table'. A 638. . (Continued) - Salicornia dolichostachya

TANK NO. 14A - Sodium chloride level 2.5%

- Negetative ‘ A
Character No. N Min Max Mean S.D. Variance -95¢1  +95cl
1 15  22.3 28.5 24.980 +2.055 4.223 23,842 26.118
2 13 6.5 15.0 10.808 +2.213  4.897 9.470 12,145
3 14 32, 40. 36,571 +2.652 7.033 35.040 33.102
4 15  16.  20. 18.133 +1.246 1.552 17.443 18.823
5 15 0.6 1.6 1.127 +0.306 0.094 0.957  1.296
6 15 3. 7. 5,00 +1.254 1,571 4,306 5.694
7 15 hoh 14,9 9,167 +9.366 8,772 7.526 10.807
8 s 0.8 1.2 1.053 +0.229 0,053 0.926 1.180
9, - 15 20.°  30.° 25.667 +4.169 17.381 23.358 27.976
10 15 20.°  30.° 26,667 +4.499 20.238 24.175 29.158
TANK NO. 11A - Sodium chloride level 5%
Vegetative
Character No. N Min Max Mean _ S.D. Variance -95¢1 +95cl
1 15  20.3 25,00 23.047 +1.264 1,598 22,346 23,747
2. 15 7.0 13.00 9.633 +1.922 3.695 3.369 10.698
3 15 32, 38, 34,267 +2.120 4.494 33.092 35.441
4 15 15,  19. 17.00 +1.254 1.571 16.306 17.694
5 14 0.2 0.6 0.314 +0.175  0.030 0.213  0.415
6 14 1. 2. 1.357 +0.633 0.401 0.992  1.723
7 15 5.2 8.8 6.48 +1.669 2,785 5.556  7.404
8. 15 0.5 1.2 0.667 40,188  0.035 0.563 0.771
9 15 30.° 50.° 34,33 +6.779 45,952 30.579 38.088
10, 15 25.° 30.° 31.00 +3.873 15.000 28.855 33.145

* See pfge 383
\
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‘ t

Table - A.ﬁf? ‘A; Minimum, ;aximum,ﬁﬁean,;ﬂtandard>deviatioﬁ (s.Dn.),
‘variance and 957 confidence limit values for
Salicornia nitens vegetative characters in the four
sodium‘chlorideriévels. RN

TANK NO. 13B - Sodium chloride level 0.65%

Vegetative -

Character No. N Min =~ 'Max ' Mean ~S.D. Variance -95¢1  +95cl
1 7 32.7 41.6 36.229 +3.188 10.162  33.280 39.177
2. 5 7.5 10.5 8.700 +1.095 1.200 7.340 10.060

3 7 56.0 68.0 60.857 +4.450 19,809 56.741 64,974
4 7 . 28.0 36.0 30.857 +2.854 8.143 28.218 33.496
T 1.9 3.8 2.300 +0.721 0.520 1.633  2.967
6- 7 9. 19, 11.286 +4.192 17,571 . 7.409 15.163

7 6 4.0 24,2 11,067 +7.559 57,130 3.133 19.00
8 77 1.5 .3.8 2.086 +0.812 0.658 1.335  2.836
9 7 30.° 40.° 31.429 +2.439 5.952 29,172 33.685

10, 7 30.°  40.° 34,286 #5.345 28.571 29,342  39.229

TANK NO. 12B - Sodium Chloride level 1.3%

Vegetativg% * . ]

" {Character No.,” N° = Min Max Mean  S.D. Variance =95c1  +95cl
1 6  28.2 34,2 30.483 +2.519  6.345 $27.839 33.127
2 5 9.5 1.5 16.504 40,7906 0. 625 9.519 11.481
3. 6 56.0 70.0 57.667 +6.623 43.867 '50.715 64.618
4 6 26.0 36.0 28.500 +3.988 15.900 24.315 32,685
5, 6 1.2 2.5 1.800- $0.4899 0.2400 1.286  2.314
6. 6 6.  13.0 8,833 +2.927 8,567 . 5.761 11.905
7. 6 8.6 21.4 13,767 +4.627 21,410 8.910 18.623
8, 6 1.3 2.9 1.883 +0.557 0.309 1.299  2.467
9 . 6 15.0° 40.0° 30.833 +9.174 84.167 21.204  40.463

10. 6  30.0° 50.0° 40.00 +8,944  80.000 30.612 49.388

-y

* See page 383
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Table A.6.9

{(Continued) =~ Salicornia nitens

TANK NO. 14B — Sodium chloride level 2,5%

Vegetative N
Character No. N Min Max Mean S.D. Variance =95cl  +95cl
1 15  23.2  28.2 25.473 +1.440 ° 2,075 24.676 26,271
2 15 6.0 12,0 9.600 +2.038 4.150 8.472 10,728
3 15  46.0 54.0 50.667 :;.350€r 5.524 49.365 51,968
4 15  23.0 27.0 25.267 +1.279 1.638 24.558 25.976
5 15 0.9 1.4 1,467 +0.427 0.182 1.230  1.703
6. 15 5.0 11.0 7.867 +2.066 4.267 6.723  9.0l1
7 15 4.5 13,5 9.167 +2.600 6.764 7.726 10,607
8. 15 0.8 1.6 1,133 +0.843 0.710 0.986  1.281
9 9 30.° 40.° 32,222 +3.632 13.194 29.430 35.014
10 9 30.° 50.° 42.778 +6.667 44.444 37.653 47.902
TANK NO. 11B - VSodium chloride level 57.
Vegetative
Character NoX N Min Max Mean S.D. Variance -95¢l +95¢cl
1 12 14.2 23,6 19.167 +2.642 6,982 17.488  20.846
2, 12 8.5 12.0 9.167 +1.775 3.152 8.039 10.295
3, 12 34, 44.0 38.833 +3.450 11.969 36.635 41.032
4 12 17.  22.0 19.500 +1.732 3.000 18.399  20.601
5, 12 0.2 0.7 0,325 +0.142 0.020 0.235  0.415
6 12 1. 3.0 1.667 19.985 £ 0.969 1.041  2.292
7 12 3.2 10.2 5.233 +1.970 3.8 3.931  6.486
8 12 0.4 0.9 0.642 +0.193 0.037 0.519  0.764
9 12 30.° 40.° 30.833 +2,887 8.333 28,999 32.668
10 12 30.  60. 45.833 +9.962 99,242 39.504 52.163

* See page 383




Table A"6.10

400,
Minimum,fﬁaximum,rﬁean, "sandard deviation (S.D.),

yariance and 957 confidence limit values for

B

Salicornia ramosissima vegetative character in the

four sodium chloride 16?%;5.};';5-; SO

TANK NO. 13C = Sodium chloride level 0,.65Z

Vegetative
~|Character No% N. ~'Min  'Max’ MEanli S.D. Variance -=95¢c1 .+95cl
1 10 35.5 448 39.87 42,332 5,438 38.202 ' 11.53d
2 9 9.0 13.5 10.611 +1.537 2.361 9.430  11.792
3 10 50, 66.0 59.20 +4.022 16.178 56.325 62.077
4. 10 25. 32, 29.10 +1.853 3.433 27.375 30.425
5 10 1.2 3.2 2,41 $0.595 0:354 1.984  2.836
6 0 7.0 16.0 1.310 2,601  6.767  11.239 14.961
7 10 - 10.1 25.8 22,51 +11.092 123.032 14.576  30.444
8 10 1.1 2.0 1.530 +0.365 0.133 1.269  1.791
9 10 30.° 40.° 33,500 +4.743 22.500 30.107 36.893
10 - 10 40.° 50.°

38.00 +7.888 62,222 32.358 43.642

TANK NO. 12C - Sodium chloride level 1.3%

Vegétative* % :

Character No., N Min' Max Mean 'S.D. Variance -95cl +495cl
1 11 28, 33.80 31.327 +1.726 .2.978 30.168 32.487
2 11 6.0 14.00 9.364 +2.314 5.355 7.809 10,918
3 11 44,  56. 49.636 +3.075  9.455 47.57  51.702
4 11 22,  28. 24,818 +1,537 2.364 23.785 25.851
5 11 0.9 1.2 1,227 +0.649 0.422 1,089 1.365
6 11 6. 9.  7.545 +1.281 1,273 6.788  8.303
7. 11 7.0 20.7 12.818 +3.799 14.438 10.266 15.371
8. 11 0.5 1.2 0,845 +0.589 0.347 0.720 0.971
9 11 20.° 30.° 30.00 +0.00  0.00 - 30.000 30.000

10 11 - 30.° 30.° 29.545 +1.508 2.273 28.533  30.558

* See page 383
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Table -0 A 6,10

(Continued) -~ Salicornia ramosissima

TANK NO. 14C - Sodium Chloride level 2.5%

Vegetative

Character No. N Min Max Mean S.D. Variance =95¢1  +95cl
1 15  23.5 27.8 26.67 +1.114 1,240 26.056 27.290)
2 15 6.0 8.5 7.542 +1.177 “1.385 6.794  8.289
3 15 38 46 42,533 +2,066 4.267 41.389 43.677
4 15 19 23 21.400 +1.121 1,257 20.779 22.021
5 15 0.3 1.0 0.660 +0.203 0.041 0.548  0.772
6 15 2 6 3.933 +1.099 1,209 3.326  4.542
7. 15 7.5 16,2 11.886 +2.583 6.670 10.395 13.377
8 15 0.3 0.9 10.587 +0.173 0.029 0.491 0,682
9 15 25°  40°  31.000 :§.873 15.000 28.855 33.145
10 15 20 30° 21.333 +3.519 12.381 19.385 23.282

TANK NO. 11C - Sodium Chloride level 5%

P@getatiﬁe

Character No, N Min Max Mean S.D. Variance =95¢l  +95cl
1 12 20.3 24,5 22,658 +1.362 1.854 21.793 23,523
2 12 8.0 14.0 10.908 +1.526 2,328 9.939 11.878
3 12 36 42 38.00 +2.828 8.000 36.203 39.797
4. 12 18 21 18.833 +1.404 1.969 17.942 19.725
5. 12 0.2 0.4 0.233 +0.065 0.004 0.192 0,275
6 12 1 3 1.333 +0.651 0.424 0.919  1.747
7. 12 6.0 11.8 8.008 +1.798 3.234 6.866  9.151
8 12 0.2 0.6 0.350 +0.125 0.016 0.271  0.429
9 12 30°  40°  31.667 +3.893 15,152 29.193 34,140

10 12 30°  50° 39.167 +6.708 44.697 34.919 43.415

* See page 383
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Shows  the minimum and the maximum measurements (mm) of the fertile segment components for plant

Table A 6,11

groups cuitivated in 1976.
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Plants belong to Salicornia dolichostachya.

Plants belong to S. nitens,
Plants belong to S. ramosissima.

A and A"
B and B
C and C
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Table A 6,12

Results of analysis of variance for the:-
“l- Vegetative characters, , 2 = Fertile segment components,

and A 3- Fertile segments indecis of the three types of

Salicormia in the four levels of nitrogén»tféaimént.

Growth experiment 1976. .

Key for the race number:-
1. Salicornia dolichostachya
2. Salicornia nitens

3. Salicornia ramosissima:.

Key for the treatments number:-—

1. Experiméntél level of nitrogen 5 p.p.m.
2, .Experimental level of nitrogen IIS.p.p.m.
3. Experimental level of nitrogen 45 p.p.m.

4. Experimental level of nitrogen 135 p.p.m.
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Table

A 6,12 : 1-Vegetative

1. * Shoot length,

SUMNARY OF DATA

RACES

N

TABLE OF

TRELTHINTS
RACES
ERROR
TOTAL

RACE/Z{TREATMEMNT + ERFOR)

2,

SUMMARY OF DATA _
s ;REATMEHTg
1 6.95 7.91 2.67
RACES 2 9.83 10.77 11.62
3 65.63 6.293 745
TABLE OF ANALYSTS 0OF VARIANCE
oF Su MEAN
SNS s$ns
TREATHENTS 3 Q.SS' l.£2
RACES 4 32.36 16.18
ERROR & 1.23 .29
TOTAL 11 38.43

TREATHMENTS
2 3

1 .
11. 55 17, 22 20,94
19.43 26.28  29.50
14.893 24.59

21.98

ANALYSIS OF VARIANCE

AR -
3 147 .34 49,11
2 133.70 66,85

2.0L 1.01

11 287.08

Root length,

+

18.29
25.11
18.43

48,79
6Hhebb1

VERIANCE RATIO =

gA
7.8C
11.49
5.51

7«91
79.23

RACE/(TREATMENT &+ ERROR) VARIANCE RATIO =

characters—

CRITICAL F VALUES

8,65 C.01 ©.00%
5.76 9.76 23.70
S.14 10.90 27.08

G656

CRITICAL F VA&LUES

3.05 L.91 L.o6t
.76 .78 23.78
5,14 10.90 27.C%

5.3139



406,

3

Table A 6,12 : iﬁfVegetative'dharéctérs (Continued)

3. Total number of the primary branches from the main axis.

"SUMMARY OF DATA

. JREATHENTS .
1 26.67 36,17  40.30 35.56
RACES 2 35.17  0.00  46.17  L2.00
3 26.93 IL.53 Se.27 30.67

TASLE OF ANALYSIS OF VARIANCE

. CRITICAL F vAapLuzs
OF SuM MZAN : F

© S08 R H ) 0.65 0.81 0.001

TREATHENTS 2 191.71 53.33 25415 L.76 G.78 23.7

RACES 2 . 167.38  83.69 32.93 5.14 16.90 27.02

ERROR 6 15.25 2.54 '

TOTAL 11 _ 374,3¢L

L]
DPALTLLIREATHMEINT ¢ ERROR) VARIANCE RATIQ = $£52
4, Total number of sterile segments in the.main axis. -,

SUMMATRY OF DATA

TREATHENTS
1 2 . 3 S
1 13.33 17.17 20.13 17.67.
RACES 2 17.%50 19.92 - 22475 20.92
3 12.53 17.27 17.237 15.33

- - F .
TABLE OF ANALYSIS OF VARIANCE ASITICAL F VALUES

oF 305 , "sas i 0.05 0.C: §.30%
TREATMENTS 3 45.50 15,20 22.23 .76 9.78 23.73
RACES 2 39.u8 19.74  28.87 5.1 1£.90 27.39
ERRAR 6 L.10 .63
TOTAL 11 89.18 '

RACE/ (TREATHSNT # ERROR) VARIANCE RPATIC = «263
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Table A 6.12 : 1= Vegetaive characters (Continued)

5. Terminal spike length.

SU“MARY OF DATA

TRZ
1 2
1 1.23 1.87
RACES 2 1.01 1.75
3 .90 1.11

TARLE OF ANALYSIS OF VARI

OF suH
sas

TPEATHENTS 3 1.0
RACES 2 .5
ERROR 3 oi

TOTAL 11 1.7

ATE/Z(TREATHMENT « ERFOR)

ANCE
MEAY
sas
1 1A
7 . 72
0 .02
8

VARIANCE RATIO

I

1.1%
i.08
53
F CRITICAL F VALUES
0.0 GC.01 g.00t
21.2¢C 4,76 3.7 23.730
21.06 5.14 10.90 27.03

= .648

6. Number of fertile segments in the terminal spike.

SUMMARY OF DATA

TREATHENTg

1 2
1 6.7% 3.09 -0
RACES 2 4,60 -0 -0
3 4,67 -t L.2S
TABLE OF ANALYSIS OF VARIANCE
OF SuH dgaN
sns SQs
TREATHCHTS 3 53.G7 17.69
) RACES 2 6.34 347
ERROR & 16.99 . 2.83
TOTAL 11 77.00

RACS/{TREATMINT + ERRO

VARIANZZ RATIO

L '
5.33
L33
©.7%

c CRITICXL F VWALUE!

3,05 ¢.l1 (.CLC

5.25 L.76 $.78 23.7

1.23 5.14 17.9C0 27.¢C¢

= -UZL

[



Table A 6,12 ;‘léfVegététiQe*charécte;s (Continued)

Length of the lowermost branch from the main axis.

408.

7.
SUMMARY OF 2aTA
TREATMINTS
o1 2 z .
1 2495 7.68 9.88 8.01
RACES 2 3.67 7.65 12433 1C.8L
3 2.02 3.01 £+23 5.83
TABLE OF ANALYSIS OF VYARIANCE
. CRITICAL F VALUES
OF SuM MEAN F
Sas sas 0.65 0.01 3.501
TRTATHMENTS 3 75.00 25.00 18,29 Y 76 3.78 23.73
RACES 2 39.12 19.356  14.3 S.it 16.90 27,00
ERROR £.20 1237 ,
TOTAL 11 122,33

TACE/{TREATMENT '+ ERQDR) VARIANCE RATIO = s 92

8. Length of the uppermost branch frbm the main axis.

CUHMARY OF DATA .
TAEATHMENTS

1 4 : 3 f
3 .65 .94 <93 .78
RACES 2 .88 1.29 1.72 91
ki «63 « 66 .79 U7

TRBLE OF ANALYSIS. OF VARIAMCE CRITICAL F VALUES

o £33 "S85 £ 0.05 0.01 5.001
TREATUENTS ;15 .35 £.53 %76 9,78 23.7%
RACES .30 15 13.01 S.16 10.90 27.00
SRROR .07 W01
TOoTAL 11 «53
TLOE/(TRAELTHENT ¢ ERFOS) VARIANCE ©aTID = 1.379
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Table A 6.12 : 1- Vepetative characters (Continued)

Angle of the uppermost branch from the main axis.

SUMMARY OF DATA
TREATHENTS
2 3

i L
1 32.50 34.17 42.00 36.57
RACES 2 35.83 32.08 38.33 48,13
3 36.33 29.67 54,00 51.67
" TABLE 0F VARIAM _
TABLE OF ANALYSIS VARIANMCE CRITICAL F VALUES
F ys MEAN F
° gcs SaS 3,05 0.0L 3.50%
TREATHENTS 3 424.99 141.66 4,55 4.76 89.78 23.78
RACES 2 89,44 nLL72 1.4t 5.1% 10.56 27.C0
ERROR 6 186.94 31.16
TOTAL 14 701.37
. RACEZ (TREATHMENT + ERRDP) VARIANCE RATIO = .58

10. Angle of the lowermost branch from the main axis.

SUMMARY OF DATA

1 2 3 L

1 38.75 50.00 33.67" 32.0¢
‘RACES 2 40.00 35.83 40.83 S54.55
3 60.67 32.40 ¢ 0

TABLE OF ANALYSIS OF VARIANCE

TREATMENTS

RACES
ERROR

TOTAL

SACEZITREATMENT + CREQR)

DF SUY
sas

3 411.80
2 1292.08
6 1189.03
11 2898.91

MEAN
SeS

137.27
6LG. Ty
198,17

VARLANCE RATIO =

CRITICAL F VALUES

F
“5.05 0.01 5.C01
.69 .76 3,78 23.7C
3,28 S5.14 10,90 27.00

« 634
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Table A 6.12 f Z-Fértiie segment coﬁponents {Continued)
‘1. Maximum width of the Zn&’segmeht:(Aj.

)

SuUMMATY OF DATA

TREATMIMTS
2 K

1 ] A
ta <38 6 .34 «35
‘R ACES" 2 37 .35 .35 ,3s
R « 31 n <20 «28
ARILE OF ANALYSIS OF VARIANCE
T * > CRITICAL F VALUES
cF suM MEAN F )
. sQs sas 2.05 0.CL C.0CL
"REATNENTS 3 W11 +S% . 3,98 6,76 Q.78 23.70
RACES 2 .06 W02 2,10 S5.14 10.95 27.07
ERROR (=9 .0% .01
toraL 11 CoL20
2ACE/{TOEATMENT + SRROS) VARIANSE RATIO = .138

2. Maximum width of the 4th segment (B).

SUMHARY OF

SaTe
TREATHENTS
1 2 3. u
o1 .35 ‘o .33 .36
RACES 2 .39 .33 .72 .30
3 .29 0 .29 .27
TEBLE OF ANALYSIS 07 VAQIANCE CRITICAL £ YALUES
oF - . SuM R MEAM 13
sas sns _ 8.95 0.01 G.C01
TREATMENTS 3 L10 0 T .23 .03 %.76 9.78 23.70
RACES 2 .3 .02 1.86  5.1% 10.30 27.66
ERROR 6 .05 .01
ToTAL 11 .18 '

PECT/ITRIATMENT & E2700%) VACIANSE RATI0 = «13%
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Table A 6,12

¢ 2- Fertile segment components (Continued)

3. Minimum width of the 4th segment at the base (C).

TUMMARY OF DATA

RACES

N

TABLE OF ANALYSIS

by

TREATMENTS
RALES
ERROR
TOTAL

©ACE/{TREATMENT # ZRR02) VARIANCET

1
.28

.23

.23

DF

4. Length of the segment (D).

SUVMARY OF DATA

~N

ROACES

1
‘23
.15
.17

TARLE OF ANALYSIS

TREATMENTS
RACES
ERROR
ToTAL

DF

TREATMENTS'
2 3 4
| +20 25
.23 .21 .25
] .21 .21
OF VARIAMNCE
SUM " OMEAN F
sns sas
.05 W G2 3.7
«J01 .00 2
.03 .an
w09
2ATIO0 =
/
;REATHENT% .
0 .éi .22
A9 «18 .16
0 .16 sl
OF VASIANCE
Sy~ MEAN F
sas sos
.C3 01 2.5
.01 .00 .87
.03 . .00
v. 7 e06
ERPRO2) VARIANCE FATIO =

CRITICAL F VALUES

f.05 4.51
4476 9478
6 5.14 10.9¢

-.GGS

0.001
23.70
27 .58

CRITICAL F VBLUES

n.ds 0.01

4,76 9.78
S5.1& 10.90
-. 0854

G.001
23.70
27.3G0
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Table-A'6r12~:~2e.Ferti1e segmenet components—-(Continued)

5. Total length of the ceéntral flower (E).

SUMMARY QF DATA

: TREATMENTS
1 . 2 3 .
1 .24 a W21 .23
RACES 2 .20 21,21 . .22
3 .21 8 " e .18
TABLE OF ANALYSIS CF VARIANGE
| oF sus Hean . CRITICAL F VALUES
: . sns sSns 0.95 G.01 &.901
. TREATMENTS 3 O4 R 4.66 4,76 9.76 23.70
RACES 2 .01 .00 - S.1% 10.90 27.03
ERAOR - 5 ’ o2 .30 : -
ToTaL 11 R P

i}

TACZ/ATREATHENT + ZRR0R) VARIANCE RATIO

1]
.
(&)
RS
w

6. Observed length of the central flower (F).

- - -

SUMMARY OF DATA

[N

o JREATMENTS .
1 -.20 0 a7 .10
RACES 2 o1h .15 .5 o1k
3 «15 g 10 4N
TABLE NF AMALYSIS OF VARIANCE CRITICAL F QALuss
oF g%g E Hgég F 0.505 G.CL 0.501
TREATHENTS 3. . .02 .01 2.95 “.75 9.78 23.70
RAcEs 2 " Lou .90 .72 5.16 16.90  27.00
ERROP & 02 T .00
TOTAL 11 G5 '

TACE/CTREATMENT + Z980%) VASTIANCE RATIO = - 642
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Table A 6.12 : 2-Fertile segment components-(Continued)

7. Observed length of the lateral flower (G).

Su“MARY OF DATA

1
1 13
RACES 2 .05
3 .07

TE2LE OF ANALYSIS

DF
TREATMENTS
RACES 2
ERROR
TOTAL 11

XACE/{TREATMENT +
. .

TREATMENTS

2 3
a -1@
.G8 .08
0 W07

OF VARIANCE

SUM HEAN
sas S0S
Wb .15
<04 .02
<17 03
«66
TRP0R) VARIANCE RATIO =

8. Length of the scarious border width at its

SUMMARY OF DATL

1 .
1 IR
RACES 2 ' .06
. 3 .06

TRARLE OF ENRLYSIS

OF
TREATMENTS 3
RRCES 2
ERROR &
ToTAL. 11

TEZATMENTS
2 3

(=]
.

b=
w

‘0

(41}
.
[

o
.

f=1
N

OF VARTANCE

SUM MEEN

sns SaS
09 .00
£5C .09
«0n .00
01

-~

. 0L
.08

.05

5293
B+423

ch=lC28

tip

CRITICAL F VALUES

3,65 CG.€1 T.3651
L.76 .78 22.73
S.16 12,98 27.C38

(E-F).

CRITICAL F VALUES
7.0% C.71 C.30%
L.76 Q.78 23.70
5.6 18,80 27,00
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12 :2-Fertile segmenet components~(Continued)

Table A 6.

9. Distance between the top of the central flower and the top
of the segment (D-F).

SUMHAZY OF DATA

TREATMENTS
1 2 3 4
i .03 ] .04 .04
RACES 2 .01 .03 .03 .e2
3 .02 g .02 .03

"TARLE OF ANALYSIS OF VARIANCE
CRITICAL F VELLUES

DF sux MEAN F
sas $os 0.05 0.01 6.1
TOTATMENTS 3 .09 .05 1.43  4.75-.8.78 23.70
RACES 2 .00 .30 .81 S.14 10.9% 27.0¢
ERROR & " .00 .90
ToTAL 11 .00, -

(1}

1
.
o
r
[}

RACE/(T2EATMINT + £RC0R} VARIANCE PATID
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| Table A 6.12 : 3~Fertile #egment indecis—(Continued)

1. Minimum width of the segment/Maximum width of the segment (C/B).

~

WUM4ATY OF DATA

! TAEATMENTS
| T 2 3 L
\ 1 7.G2 0 7.16 7.860 ' N -
RACES 2 6,69 €.90 640 7.4y -
X 7.60 9 7.35 7.6

ARCSTINEG TRANSFORMATION APSLTED TH,DATA

TASLE OF ANALYSIS OF'VAQZANCE

| o con wean . CRITISEL & VALUESS
! <95 sns 2.05 65.0%1 .06t
TPEATMENTS 3 Sf8 . .33 X.91 4,76 9.7% 23.71
I .
i RnCES 2 .01 ,00 e59 5,44 1G.SF £T.05
ERROR € L06 .01
ToraL 11 .12
SACE/*TREATHENT + TR0Q) VARIANCE RWTIO = -.039 i'

2. Léngth of the segment/Maximum width of the segment (D/B).

SUMMARY OF DATA

e et e s

TREATMENTS .
1 2 2 L
1 6.0 g 6,48 6.60
RACES 2 , Ll 5.50 5.60 t,80
3 5.63 Y 5.40 5.C0
(ARCSINE TRANSFORMATION APPLIED TO DATA
| .
JTAHBLE OF ANALYSIS 0F VARIANCE .
i CPITICAL F VALUES
; GF Sud MZAN F
; sQs so0s 6.65 G.01 C.00%
"YREATHIMTS M .05 .02 3.25 L.,78 Q.78 23.71
RACES 2 .0GC .00 37 S.1t 1C.90 27.00
ERROR 5 o 0b .C1
TOTAL 11 .10

C RRCEZ(TRFAT¥INT + o) YARPIANCFE RATIO = -.590.
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T - RS

Ko

. 416.
‘Table A 6.12 ;- 3-Fertile segmemt indecis—~(Continued) ‘

Observed length of the lateral. flower/observed length
of the central flower.

i ..

'SUMMARY QF CATA

1 . 4
1 - R 5.53 7.20
RACES 2 4,30 .90 5.10 b.T0
3 tatd 9 6.36 5.20

ARCSINE TRANSFORMATICN &PPLISD TO DATA

TAPLE OF ANALYSIS CF VARIANCE

CRITICAL F VALUES
oF SuM M

gas. s03 - 3495 0,01 0.001
; TREATMENTS 3 B I 32 3465  4.75 9.78 23.78
. RACES 2 .01 200 . <57 S.1% 10.90 27.09
ERROR 6 .03 .01 ‘
TovaL 11 -~ .09 '
9ACE/(TREATMENT + ESROR) VARIANCE RATIO =  =~,057

Total length of the central flower/length of the segment (E/D).

SUMMARY OF DATA

- TREATMENTS
1 2 3 Doy
1 10.10 0 9.#3  10.20 '
RACES 2 1:3.20 11.10 11.90 13.7¢

2 12.60 2 12.1¢C 11.29

ARCSTMZ TRANSFORMATION APPLIED TO NATA

TAZLE OF ANALYSIS OF VARIAMNCE
CRITICAL F VALUES

OF SyM MFAN F
505 sas . 0.05 0.01 G.001
TOEATMENTS 3 .12 % 5.08 4.76 9.78 23.70
RACES 2 .03 22 1,95  S5.14 15.90 27.00
ERROR 5 - © .05 .01 ’ '
TavaL 11 .20

. RAEEZ (TREATNINT + zubge) VARIANCE PATIO = 192
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Table A 6.12

5. Observed length of the lateral flower/length of
the segment (G/D).
SUNMARY OF DATE
' TREATHMINTS
1 2 3 4
1 5.50 0 4.50 6.00
RACES 7 £.00 6,28 N u.20
B 3.90 0 .20 L.30
KRCSTHE TPANSFORMATION APPLIED TO DATA
A
TAILE OF ANALYSIS OF VARIANCE
CRITICEL F VALUZS
oF SUH MEAN F
- sas $05 0.05 £.81 5.%5C1
TREATHANTS 3 .05 02 3.88 4.76 Q.78 23.7%
RALCES 2 .01 .ot +638 5.14 16.9C 27.CC
ERRER 6 .02 .co
TYoTAL 11 .08
TOIZ/{TRPEATMINT « SRRO%) VARIANGE RATIO = ~,061
6. Observed length of the central flower/length of the segment (F/D).

: 3-Fertile segment indecis-(Continued)

1o

SUNMARY OF DATA
- TREATMENTS
1 2 3 L
5 .50 o 8430 8.40
RRCES 2 Y00 $.59 8.50 8.80
3 9.09 g .70 .29
ATCSINT TRANSFORMATION APFLIED TR DATA
TAOLE QF ANALYSIS OF VAPRIANGE
) oF SUN MEEN F
sos sos
TREATNFNTS .09 L05 w32
RACES 2 .02 o1 1.21
ERROR .06 .01
ToTAL 11 .15
S30T/(TREATHENT 4 ER709) VARIANCS RATIO =

CRIVICAL F VALUES

0.90% .21 0.20%

.76 9,78 23.AD

5,16 10,90 27,03
£25 '
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Table 6.12 ‘:- 3-Ferwile segment indecigr(Continued) '

7. Distance between the top of the central flower and the segment top/
total length of the central flower + distance between the top of the
central flower and the segment top. (D-F/E+D-F)

SUMMARY OF DATA

TIEATMENTS
1 2 3 N
1 1.29 ] 1.52 1.37
RACES 2 - .47 1.19 1,06 .79
3 74 0 W96 - 1.26
. ARCSTHE TRANSFOPMATION APPLIED TC DATA
FARLE GF ANALYSTS OF VARTANCE CRITICAL F VALUES
oF 36% &S . T s e.er c.ao
TREATHENTS 3 .91 £00 ° 2.23 676 9.78 23.70
RACES 2 .09 .39 <25 5.1 10.30 27.C0
ERROR 6 .01 .30
TOTAL 11 .92 .
3ACEI(TP.EATH‘%NT + EPROI) VARIANCE RATIO = -a1 36

8. Covered part of the central flower/total length of the central
flower + distance between the top of the central flower and
the segment top (E-F/E+D-F).

SUMMABY OF DATA
TPEATMENTS
2 3 -

1 A
1 1.82 g 1.30 1.5¢C
RACES 2 z.a0 2.00 2.5 5.30
3 2.70 0 2.50 2.20
ARCSINE T2ANSFORMATION APPLIED TN 0ATA
TZBLE OF ANALYSTS OF YARLANCE
oF suM  Mean - CPITICAL F vALUES
» 50S sas .« 3.05 g.01 0,.00¢
TPZATMINTS 3 .02 01 6.6L 4.76 9.78 23.70
RACES 2 01 <017 8.7 S.14 10.90 27.60
ERROR, 6 201 .30
_ToraL 11 .94

TLCT/ATREATHENT 4 €09 VARIANCE RATTO

"
-
(%]
N
~
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Table 6,12 : 3~Fertile segment indecis~(Continued)

9. Minimum width of the segment + length of the segment/2 x maximum
width of the segment. {(C+D/2B).

SUMMARY QF DAYTA

TREATMENTS
1 2 3 t
1 £.7C 0 £.50 7.10 &
RACES » 5.50 6,30 5,90 5.00
3 6.80 0 6.30  5.80
ARCSINE TRANSFORMATION APPLITD TO DATA
TATLE OF ANALYSIS OF VARIANCE
- . CRITICAL F VALUES
DF SUY MZAN F
3NS §ns .65 0.01 0.001
TREATMENTS 3 .07 D2  3.55 4.F6 9,78 23.70
RACES 2 .01 .00 51 S.14 10.90 27.23C
ERROR 6 A .01
TOTAL 1% J11 '
 2ACE/ {TREATMENT + ERROR) VARIANCE RATIC =  =-.065 o

10. Maximum width of the 2nd segment from the base + maximum width
of the 4th segment from the base/2 x minimum width of the 3rd
segment. (A+B/2C).

SUYMARY OF DATA

TREATHMENTS
b4 2 3 4
1 14.50 o 14,30 13.4°
RACES 2 16.30 14.90 16,20 13.90
3 15.50 1] 13.90 13.20
LOTSINE YPANSFOPMATION APPLTYED TO DATA
TAFLE OF AMALYSIS OF VASTANCE
CRITICLL F VALUZS
oF SU4 3TaN F N :
SGS Qs 0.05 0.G1 D.00%
TRTATMUNTS 2 .15 .05 L.26 L,76 9,78 23.73
RRCES 2 .03 .02 1.42 5.44 10.90 27.010
ERROR 6 .7 .01
TOoTHL 11 .26

FACE/ (TPEATMENT ¢ ERROF) VARTANCE RATIC = .051.
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Table 6.12-:A3-Fartile-segment'inheeis-(Continued)

"11. Total length of the central flower/length of the scarious
border width at its tip.,: (E/E-F). -

SUNMaRY OF DATA

TREATMENTS
1 2 3 4
1 64.80 0 6L .60 56.50
RALES 2 34.20 42,69 36.00 27.90
3 35,80 L) 25,7¢ 39.090

ARCSINT TRANSFORMATION AFPLIED TO DATA

TABLE OF ANALYSIS OF VARTANCE CRITICAL F YALUES

MEAN F
oF .gg;v sés 8.05 C.CL 6.GO0L
TREATMENTS 3 .52 Y 4 2.56 4,76 0,73 23.70
RACES 2 .38 an 55 5.3i4 10.90 27.09
ERROP 5 Wu1 .67
ToTAL 1t 1.01

RACI/UTPEATMENT & ERFA) VARTANCE RATIO =  «.072



421.

Table A 6.13

Results of analysis of variance for the 1-- Vegetative characters,
2 - Pertile segment components, and 3 - Fertile segments indecis
of the three types of Salicornia in the four levels of phosphorus’

treatment. Growth experiment 1976.

Key for the race number:-
1.~ Salicornia dolichostachya
2.... Salicornia nitens

3. Salicornia ramosissima

Key for the treétments number:-

1.~ Experimental level of pﬁosphorus 2 p.p.m.
2. Experimental level of phosphorus 4 PsP. 0.
3. Experimental level of phosphorus 8 p.p.m.

4, Experimentél level of phosphorus 16 p.p.m.
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1.

2.

Table A" 6,13

Shoot length.

1h
RACES 2%
3'-

~18E+09*
«2754093%

L20E+09"

OF ANALYSIS

DF

TRPLE

TREATHMENTS
RACES
ERROR
Torav

DS/ (TREATMERT

Root length.
SUMHARY OF DBTH

1
«76E+08*
.23E+(8"

«T1E+DA*

RACES
I

OF ANALYSIS

CF

TABLE

"TREATMENTS
RACES

ERROR
TOTAL

(7]

[
> 0N

RRLE/ (TREATMENT

4
«16E+009
«29g+¢509

255409

»22E+08"
«312+09*
W2LEF(S*

CF VATIANCE

1-Vegetative characters—

SRITICAL F VALUES

suM HELN F .
SQs SQs .05 0.01 ¢.9Ct
LLS53EF1EY L151T4+16 2.69 .76 ©.73 Z23.7¢
«213E4LTY JATBE+LT 13.8¢ 5.4t 10.23 27.093
23 ¢16% 5305415
L2046 417
ERE0PY) YARIANCE RATIO = 2.939 !
TREATMENTS
2 3 4
.69E+08* ,£0F+08% ,E62+08
L92ce3a% ,Q25+03% (405462
«72E+06* L833T+08* .3HE+0B
0F VARRIANCE
CFRITICAL F YALUES
Sy MEay F
5ns 5 0.65 0.71 92.001
JL1i7E415 3000444 37 4L.7% Q.78 23.73
L177E¢16* L389E+15 8.L0 S.1L 10.%50 27.3C
H3IET 16 1055415
2336416
ERROR)Y VARIANCE RATIO = 2,343
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- ’ . 3

Table A 6.13 : 1-Vegetative charécﬁersr(Continued}

3. Total number of the primary branches from the main axis.

TGMMARY OF DATA
1 PR 3 3
1% L3SEE03% L42E409% (I0E+09% L3ILE4O9
RACES 2% L 45C40G% KOE+0G~ ,30E+59% JLEE+DQ
3% ,32E09% .37E:09% .33E+09% LI1E+0Q

VAZLE OF ANALYSIS OF VARTANCE
CPITICAL ¥ VALUES

" OF . SUM MERN F
- 5as 3cS- 0.05 £.01 2.26L
TREATHENTS 3 % J1155+47* .3BGE+16 2.70 4,76 G.75 23.79
RACES 2 * J2LOE+LT™ 1208817 .60 5.1% 16.93 27.09
ERROR B * JRSBE+16% L1LII+1E

TJOTAL 11 * JL4G2E+17

=%
n
&
+
m
0
K
[
a3
Aol
<
e
¥l
L]
1>
g
[}
m
pLel
1>
-
b
e
)

-RACE/ (TRZATNS

1.182

4. Total number of sterile segments. in: the main axis.

"SUMMEZPY QF DATA

i

1% L17E409% ,21€+39% .1554G9* «15E+09
OACFS. 2% L222409" L2LE+(09% .19E+(3* ", 23E+09
3% C1EF#09* L1BE+IS* Li6T+09% ,20E£+49

TARLE OF &NALYSIS OF VARIAMCSE
CEITICAL F VALUES

.BF 3UM MEAN F
sas .sas 0.05 0.01 0.09%
TSSATMENTS 3 % L277E+16™ .92LZ+15 2.8¢ L.7& Q9,78 23.70
RACES 2 * ,596E£+15% ,298Z+15 Be07 5.1 10.93 27.5%
ERROR B " 2215416 ,3IHGZ+15

TOoTAL 11 ® L109E#17

+
(34
s
5
(]
[J]

RACE/ITREATHENT ) YARIA

)
a
in
L#]
>
-1
(2]
2
bl

1.177
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Table A 6.13 : 1-Vegetative characters-(Continued)

Terminal spike
'SUMMAFY NF DATA

i
«17cT+08%
.165+08%
QLS 07>

i~
RACES 2=
3=

ANALYSIS
OF

TAZLE OF

TOEATMENTS 3
RACES
ERROR
TOTAL

RACE/Z{TREATHENT +

length,

TREATMENTS
2 - 3

L
.1BE+08% ,15C408* ,16E+08 i
LA7E+08™ L16F+0B" .11€403
JTOE+07% .1LZ+0B* .SSE+DT
OF VARIANGE : GRITICAL F VALUES
EAY £ i

§32 Méég .05 0.C1 Ge201
L276E+1B* ,922E+13 1.43 4,75 ©,78 23.78
L1LSELL5* 727541k 11.26 S.14 10,90 27.C0
L3B7C 414 LEL5E413
«211E#15
FRROR) VARIANCE RATIO = 24204 “

Number of fertile segments in thezterminaluspiké.

' SUMMARY OF DATA

RACE/ (TREATMENT

TREATMENTS
1 2 3
1% (63E408+ .66E:0A= .BNE+N3=
RACES 2* .78E+08* .80Et06* .85C¢08%
3% L61Es08* .LIC+0E™ .BOC+08>
TASLE OF AMALYSIS OF VARIANGE
nfE SUM MEAYN
S0S sas
TETATHMENTS 3 % .973T+15% 3240415
' RACES 2 * .T86E+15% ,303:+15
ERROR 6 * ,3620+15% ,158E+15
TOTAL 11 * ~27{E+16

+ FOT0RY YARIANCE RATIN

-

L
«6LE+DE
+535+08
«33E+08
¢ CRITICAL F VALUES
0.05 0.01 o©.00t
2.04 L,76 9.78 23.793
Z.48 5.14 15.90 27.063

27k



Table .A 5.13 :

7. Length of the lowermost branch from the main axis
'SUMMARY GF NATA _ R
TREATMINTS
1 2 3 4
1% J5%E¢03% L11E+09% L10E+39% .905+08
RACES 2% .105+09% .12E209% .L5E+3O .12€+09
3% .59£:08* ,B5E+G8* ,128409% L11E+09
TABLE OF ANALYSIS OF VARIANGE
OF Sus MEAN F
sas ses
TPTATMENTS 3 * .255E+16% .B51E+15 2,43
RACES 2 % J32LZe16* 4502416 .29
. .ERROR 6 * JL21GE+16% .3502+15
TATAL i1 * .766F+15 ‘

CACEL(TREATHENT +

8. Length of the uppermost branch from the main axis

SuEAhRY OF DATA

1*
. RACES 2+
36

ANALYSIIS.

TOEATHINTS 3
RACES 2
ERROR 6 =
TOTAL 11

(4]

ATATM

N —

~19%+08*
JAJEFTN*
+55E+07>

oF

SuM
sS0s

L1978+ 14"
.390E416%
2165k 1nn

305 ¢14

FR70%) vAg

VARIANG

£

(YT

L12T¢G8"

11s+08"

11E+p8"

£

MEAN
SGE

«BS3S+13
-135E+14
«3615+13

TANTE

L T

IVOGRIY VARIANST PATIO =

[N
.21E+08
+3T7TEHOT
«49E+07

1.82

Sels

i-Vegetative chéfacfers-(Continued)

(cm)

CRITICAL F VALUES

1.85 2.0t G.CGC:
L,76 9,786 23.7C
27.00

5.14 10,95

(cm)

CRITICAL F VALUES

.09 0.01 0.901
b.76 9.73 2Z.71
S«16 10.490 27.03

425,



426,

Table A 6.13 : 1-Vegetative characters—-(Continued)

9. The Angle of the uppermost branch from the main axis.

IUMMAPY OF DATH

1

1% .30ET+n9+

RACES 2~

=527+C9*

3% J550+p0*

TASLE OF ANALYSIS
oF

TRIATHENTS 3 *

RBCES 2 =

'ERROR € =

TOTAL 11 *

" RACS/(TREATMEINT +

10.

L SUMEARY OF DATA

1* JILE+QG*

RECES 2™ .515+03*
3. 0=

TAGLE OF ANALYSIS

-DF

TREATHMENTS x
RACES -
ERROR 6 =
TOTAL .11 =

IACET/(TOEATHMENT

1

o~ -

«34E+09* L.33E

PEATMENT

S
3 L
+9e% L29E+(9

25284297 ,358409% JLYE+DS
. 35E4+GO> #STT+IG* LL2T4L2
OF VARIANCE
SUM MEAN F
SQS sSas
»7T19E¢1B* (223E+16 +36
#BBIZ#LT™ 12912417 L,u2

» 3057417

«105F+18

E2°0R) VARIANCE RATIO

~EBLIF+1D

TRELTMINTS
2 3 A
L37E+03*. LLGE409" LLOE:09
LE2E+C9* LL5E+0A" ,55E+409
JLBEH09Y L5RE+09* L55E+09
OF VAPIANCE
SUM MEAM F
sas S@S
L901C+17* ,30094+47 1.33
«33BE+17 .10995+17 .88
21355418 ,2265+17
2665418
‘ERROR) VARATANCE RATIO =

CRITICAL F VALUES

.05 (.01 {.C001
L.76 9.78 23.7%
5.14 10.990 27.00

1.084

The Angle of the lowermost branch from the main axis.

CRITICAL F yPLUES

9,05 0.%1 €.001
4.76 9.78 C3.78
5.16 10.90 27.00

’0027
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Table A G.ii }‘2;Fertile-segﬁéht'Comﬁbﬁénts-(Continued)

1. Maximum width of the 2nd segment (A).

SUMMARY OF DATA

] 27 3 4.
! .32 0 .35 0
RACES 2 .35 W41 $27 .35
3 .26 W27 .29 .27

VASLE OF ANALYSIS OF VAPRIANCE
) : CRITICAL F VALUES

OF Su+ MeaN . F
: S . sas 0.05 0.0% C.001
"TETATMENTS 3 o0t 31 W91 4,76 9.78 23.70
RACES ~ 2 .08 A 3.10 S.1% 10.90 27.00
ERROR 5 .08 .02
TOTAL 11 .2¢
'RACS/ITREATHENT + SRPOR) VARTANGCE QATIC = 543

2. Maximum width of the 4th segment (B),

SUMMARY CF pATA

TREATME
P grETey

1 -3t oo . «32
RACES 2 .36 .39 W37 .35,
3 .25 27 .28 .26
' TASLE GF ANALYSIS OF VARTANCE CRITICAL F vALUES
of ins M5he F 0.65 €.81 2.901
TREATMENTS - 3 .33 Rt .91 4.76 9.78 23.73
RACFS 2 .08 BN 7,52 5.14 17.90 27.00
ERROR . © .07 .01
TOTAL 11 18

RACE /CTRTATHMINT ¢ S2PC%) VARIANCE SATIO = .649
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Table A 6.13 Z—Fértile-éegment components~(Continued)

3. Minimum width of the 4th segment at the base (C).

i SUYMARY OF DATA

§ TREATMERTS

: 1 2 3 4

i 1 2 0 .25 0
| RACES 2 .22 .28 .26 .25
: 3 .19 .19 .20 .20

|
l
‘
]
i

: TAPLE OF ANALYSIS OF VARIANCE
) CRITICAL F VALVES

1 OF Sum MEAN F

| 7 sns S0S 0.05 0.91 9.001
{ TREATHENTS 3 02 Lt .82 L.76 9,78 23.70
: RRCES 2 .63 - .02 2,36  S.1k 1G,9C 27.G6
;

: ERROR 6 TR 71

'

§ TOTAL 11 .09 °

'RACT/(TREATHENT + ERRO°) VARIANCE PATIO = .261

4. Leéngth of the segment (D).
SUSMARY OF DATA

2 -
i TREATHENTS

1 2 3 5

; 1 .22 o .21 0

RACES 2 .16 .20 .17 .16
: 3 16 w17 17 «16

TASLE OF ANALYSIS OF VARIANGCE
CRITICAL F VALUES

OF ) SUM MEAN F
, ~ sas ses 0.05 0.0f O0.001
TEEATHMENTS 3 .01 .00 BB 6,76 9.78 23.70
' RACES 2 .01 .30 .89 5.14 10.90 27.53
ERROR & .03 .01
TOTAL 11 .06

QACE/ (TREATMENT » E2802) VARIANCE PATIOQ = ~.028
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Iable.A_Q.l3 ¢ 2-Fertile .segment cémponents- (Continued)

5. Total length of the centfﬁl inWQr (E).

SuUMMEoY OF DATA

TREATMENTS
1 2 3 A
1 .21 20 n
' RACES 2 .22 .23 .21 .21
3. .17 .21 .19 .19

TAZLS OF ANALYSIS OF VARIANCS
CRITICAL F VALUES

oF SUM MZAN F
sas Sos 6.05 g8.01 @.001
| TPEATMENTS 3 .31 33 .78 L.75 9.78 23.70
i-
fRADES 2 . .0% ] 2.74 S.44 18.990  27.4G0°
ERROK 6 .03 .01

TCT AL 11 .67

RACE/ (TREATMENT + E£REOR) YARIANZEZ RATIO

475

i

6. Observed length of the central flower (F)

TUMMACY QF DATA
TREATHMENTS
1 2 3 s
1 .19 - 9 7 0
RACES 2 13 .17 .16 .15
3 13 .16 .15 .16

TADLE 0F ANALYSIS QOF VARIANGCE

. ’ CRITICAL F VALUES
nF SUM MEAM F

3ns <as . 6.05 06.041 0.001
TRCATHENTS z .01 .00 71 4.76 9,78 23.70
RACES 2 .01 .60 1.16 S5.14 10.90 27.06
ERRCR A .02 .00 '
foraL 11 .04

PATELATICATYENT + ERTORT VARIAMCE S&7I0 = -0
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Table A 6.13

7. Observed length of the lateral flower (G)

 SUMMARY OF DATA

RACES 2

TATLE OF AN2LYSIC

TREATRENTS
RACES
ERROR
TOTAL

RACSFETPEATHENT +

A

TREATMENTS
n 3

0 .10
a7 .07
.07 .08

SuM MEAN

gas g3
.00 .00
.10 .00
.01 .00
.ot "

£oogR) VARIANGE RATIQ

IOT
.C7

U

(23

2-Fertile seement components—(Contiued)

CRITICEL F VALUES

p.05 0.01 G.DOL
.76 9.78 23.70
5.14 13.90 27.0)

8. Length of the scarious border width at its tip (E-F).

RACES 2

3

.ua
00

TRELTMENTS
2 3

9 .00
.C1 <31
«01 A

TA2LZ OF ANALYSIS OF VARIENCE

TREA

-4

MONTS
RATES
ERROR
TOTAL

RRCE/ZCTREATHENT +

OF

suM MEAN

sas sos
.00 Lo
0o .00
.00 .08
.01

£80ND) YARIANCE RATIO

.06

.05

3.43
3.03

3

CRITICAL F VALUES

0.05 0.01 0.001%
.76 9.78 23.70
Se1L 10,90 27.03

.81



431,

Table A 6.13 : 2-Fertile segment components—{(Continued)

9. Distance between the tob of the central flower and the top of
the segment, (D-F). . :

SUMHARY OF DATA

TREATMENTS
1 2 3 .

.G3 0 .05 ¢

RACES 2 .02 .02 .01 .01

3 .03 07 .01 .02

TAZLE OF ANALYSIS nF VARIAMCE
3 CRITICAL F VELUES

oF s MEAS F 9,05 0.01 0.301

TEEATMINTS 3 +30 +03 .55 L.76 9.78 ?3?70

paces 2 o3 .co .91 5.14 16.90 27.0¢
ERROR 6 .00 .20

TOTAL i1 .0C

RACES (TRTATMENY # FTRR0I) VARIAMCE PATIO = ~. (2%
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Table A 4,13 : 3-Tertile segment indecis-(Continued)

1., Minimum width of the segment/Maximum width of the segment (C/B).

IUVYMARY OF DATA

TREATMENTS
1 2 3 L
1 7.70 ) .70 - 0
RACES 2 8.60 7.20 7.30 710
3 7.50 6,96 7.20 7.60
ARCSIMNE TRANSFORMATION APPLIED TO DATA
TATLE OF AMALYSIS OF VARIANCE
i ) CRITICAL £ VALUES
of Sy ME AN F
s0S ses 7.05 0.81 ©,00%
TPEATMENTS 3 .03 .11 .95 L.76 92.75 23.70
SACES 2 .C5 .02  2.51 5.2k ir,g3 27.a:
EEROR 5 .05 .01
TRTAL 1) .12
RACE/(TREAYMSNT # EREOR) VARIANCE RATIO = .35

2. .Length of the segment/Maximum width of the segment (D/B).

sSuMMaTy 0F DATE

TREATHENTS
1 2 3 A
1 5.00 i} 6.7C j
RACES 2 4.7C 5.00 L.60 k50
3 hot:g 6.20 £.90 6.1C
APCSTNT TRANSFORMATION APPLTISD 7O DATA
TABLS OF ANALYSIS OF VARIANCF
. CRITICAL F VALUES
DF SuU MEAN F
SQs - Sas .05 0.01 C.021
TREATMENTS 3z .02 «01 .98 L,76 9.78 23.70
RACES 2 .03 G2 5.93 S.1L 10.90 7.0
ERROR B « 05 .01
TOTAL 11 .40

TACEL (TREATMENT 4 ERCOR) VARIANCEI QATIO = «2 34
T
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Table A 6.13 : 3-Fertile segment indecis—(Continued)

3. Observed length of the lateral flower/observed length of the central
flouex. =

CSUMMARY OF DATA

. - ;QtATEENT? n )
‘ H 5.20 0 5.99 | i
'RACES 2 LA 3.80 %.20 t.4u0
? z L,8D (AN 5.0 .36

4RCSINZ TRANSFORMATION AFPPLIED TO DATA

TASLE OF ANALYSIS OF VARIANCE®

SRITICAL F VALUES
oF 38s "S5 F ‘T.05 0.f1 €.C0%1
TREATMENTS 3 Lnz J01 1.12 4,76 9,78 23.7C
RACES 2 .03 .01 2,06 S.1b 13.90 27.02
“ERROR € 0L L1 '
ToTAL 11 .08

' CACE/ITREATMENT 4+ ERR09) VASIANCE RAYVIO = 255 !

4. Total length of the central flower/length of the segment (E/D).

SUMMAZY OF DATA
TREATMENTS
2 3

1 L
1 3,80 3 9.30 0
RACES 2 13.76 11,80 12.49°  13.50
3 1%.60 . 12.80 11.40 11.50
AICSINT TOANSFORMATTION APPLIZO TD DATA
TAPLE 0NF ANALYSIS OF VARIAMCE CRITICAL F VALUSS
| oF e "as F 7.05 2.4 £.001
TREATMENTS 3 .03 .01 .87 L.75 9.78 23,70
RACES 2 W11 .05 4.63 S.1k 19.90 27.40
ERROR 5 .07 .51
TOTAL 11 .21

RACE/(TREAT#ZNT 4 ER20°) VARIANCT 2&TIQ = .98

-~
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Table A 6,13 : 3-Tertile segment indecis-{(Continued)

5. Observed length of the lateral flower/length of the segment (G/D).

SyvnARY OF DATA -
TREATHMENTS
2 3

1 L
1 6, g 0 u,00 .0
RACES 2 3.99 3.30 3.80 4.20
3 3.80 4.20 4,70 t.50
4PCSINE TRANSFORMATION APPLIED TO DATS
3 £ AR =
 TASLE OF ANALYSIS OF VARIANCE CRITICEL F VALUES
SUM : MEAN - F
oF ggs Ses .05 0.01 ©6.00%
TREATMENTS 3 .02 .01 1.01 4.76 9,78 23.7C
RACES 2 .02 .01 2.24 5.1% 10.99 27.00
ERROR 6 .03 .01
TOTAL 41 .07

CRACE/(TREATMENT + ERFQO2) VARIANCE 24TI0 = 310

—————

6. Observed length of_the‘central flower/length of the segment (F/D).

I SUMMARY O

F DATA
’ TREATMINTS
1 2 3 hoo :
1 8,68 0 5.20 o .
RACES 2 a.5¢ g.20 a.29 9,40 -
3 £.50 .55 9.2¢ 8.56

"BRCSINS TRANSFORMATION APPLIED TO DATA

", TRBLE OF ANALYSIS OF VARIANCE
. . CRITICELL F VALUES

oF SUM MZAN F
_ ses sas 0.05 0.01 0.001
TREATMENTS 3 .03 .61 ".B7.  L.76 2.78 23.76
RACES 2 .06 .03 3.2 5.1% 16.20 27.30
ERROR 6 . .06 .01
ToraL 11 .15

RASE/(TPEATHMEINT + £700R) YLRIANGE BATIQ = €78



Table A 6,13 ;

435.

3-Fertile segment indecis-(Continued)

7. Distance between the top iof thé central flower and the segment
top/total length of the central flower + distance between the
top of the central flower and the segment top. (D-F/E+D-F).

SUMMARY OF [QATA

" RACES

(7]
-

TARLE OF ANALYSIS OF VAPTANGE
oF ’

TOEATMENTS
RRCES
ERROR
TOTAL

wy

3

AACEFITREATMENT ¢

TOEATHENTS
2 3

Q 1.50
« 96 o Hh
«30 A

ARCSIME TRANSFORMATINN APPLTED TO DATA

o
01 .20
- 00 .00
.01 .20
02
EIRO) VARIAMCEI RATIO

1.7¢
.59

CRITICeL F vaLUEs
9.05 ¢.01 C.001

.76 9,7 23.70

5.14 1£.90 27.00 .

8. Covered part of the central flower/total length of the central
flower + distance between the top of the central flower and

the segment top (E-F/E+D-F).

S " TumMaASY oF pata

1
1 1.52
. RACES 2 °
3 2.94

3.40
2.0C

ARSSTME TRANSFCPMATION APPLIED TO OATA

TAZLS OF AVALYCIS OF VARLANC

|

TREATMENTS

RRCES:
ERROR
TeTAL

RACE/ (TREATMENTY + ERROR) VAFIANGT 24TID =

oF

SUM
S5

.0t
.01
Sl
.07

=

MEAN
sQT

.00
001
»C1

m

ng
<95

CRITICAL F VALUES
0.05 17.901 U.0391
4,76 9.78 23.70
5.1% 1C.30 27.00

-.01%
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Table A 6.13 : 3~-Fertile segment indecis-(Continued)

9. M%nimum width of the segment + length of the segment/2 x maximum
width of the segment. (C+D/2B).

S\UMHARY OF DATA

TOEATMENTS
1 2 3 L
t 7.30 0 7.20 0
'RACES ? S.70 6.10 &.80 5.90
3 6.90 6.50 6.60 6.20

"RPCSINE TRANSFORMATION APPLTED TO DATA

TABLE OF ANALYSIS OF VARIANCE CRITICAL F VALGES

: oF 24 Msas F 0.65 .01 0.901
TREATHUENTS 3 .02 .Gt .26 L.75 9.78 23.7C
RACES 2 .ok .32 2.22 . 5.1t 10.90 27.00
ERRO® 6 v .05 .21
FOIAL 11 « 13
RACEZ(TREATMENT + £R202) vgqra&ce'QATro = .308

10. Maximum width of the 2nd segment from the base + maximum width

of the 4th segment from the base/2 x minimum width of the 3rd
segment. (A+B/2C).

SUMMARY OF DATA

1 2 A
1 13.30 0 13.86 0 S
RACES 2 15,79 16,30 1%.20 14.2¢
3 13.35 15,50 16410 13.40

" APCSINE TRANSFORMATION APPLIED TO DATA

TABLET OF ANALYSIS 0OF VARIANCE .
CRITICAL F VALUES

DF SUM MZ AN F
sas sas 0.05 0.01 ¢.0C1
TEEATHENTS 3 .05 .02 1.05 4.76 9.78 23.79
RACES 2 .11 .95 T.u1 5.14 19.96 27.63
ERROR 5 .09 .02
TOTAL 11 .25 ’

o

C2LE/(TREATMENT ¢ EICQR) VYALRIANCET PATIO

1

523
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Table A16,13 : 3-Fertile segment indecis~(Continued)

11, Total length of the central flowerllength of the scarious border
width at its tip (E/E-F).

SUMMARY OF 0ATA

TREATHMENTS
1 2 3 .
1 81.50 o 80.70 2
RACES 2 265.10  39.20 3e.2¢  32.90
3

%0.99 60.00 51.40 39.7¢

ARCSINE TRANSFORMATION APPLIED TO DATA

TAgp NF ANALYSIS OF VARIANCE
L€ CRITICAL F VALUES

oF sy MEAN F
sas sas 0.05 . 0.C1 g.001
TREATHMANTS 3 ub .15 1406 4.76 Q.78 23.70
RAGES 2 .25 .02 W17 544 10,96 27.00
ERROR 6 .83 W15 : '
YOTAL 11 1,33

_RACE/{TREATMENT + ERFOR2) VARIANCE RATIO = -.202
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“Table A 6.14

Resultsof analysis of variance for the -1- Vegetative characters,
2 —Fertile segment components, and ;"g— Fertile segments indecis

of the three types of Salicornia in the four levels of sodium chloride

treatment., Growth experifnent 1976.

Key for the race number:-
1. Salicornia dolichostachya
2. Salicornia nitens

3. Salicornia ramosissima .

Key for the treatments number:-—

1. Experiment;l level of Sodium chloride 5%
2, Experimental level of Sodium chloride 1.3%
3.7 Experimental level of Sodium chloride 0.65%

4. Experimental level of Sodium chloride 2,57
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' Table A 6.14 :

1. Shoot length.

SUMMARY OF DATE
4
i® +23E+C9*

RRCES 2% .19T5+59*
T 2254 09%

. TAZLE QOF ANALYSIS

OF
"REATMENTS 3 =
RACES 2
ERROR £ *

TOTAL 31 =

+

FACE/(TREATMENT

r —

2. Root length,

SUMMARY OF DLTA

1
1% JOhEsCE*
XACES 2% ,91=+08*
37 L10E+39*

TARBLE OF ANALYSIS

DF
TREATMENTS 2 -
RACES 2 =

ERROR . 6 *
TOTAL 11 =

CBADEZ{TECATMENT +

1-Vegetative characters-

REATﬂEﬂT%

1
& .
«29E4G3" .35E+09¢
«30E208* 36409
«31E+G3* .33E+(O"

OF VARIANCE

suA MEAN
sas sSQs

2355417+ 1310417
«126Z+16™ 530F+15
«125E416* ,209Z#15

W420E 417

4

«2L4E+09
.252409
«26E+L9

F

62.83
3.00

ER2DR} VARIANCE RATIC =

TREATHENTS

2 " 3 N
LOEE4Q8% L10F+39% J10EDQ
«16E409% .875+08* ,96E+08
+93E408% .10T4+09% .75E+0R
OF VARIANCE

S
+629E+1L (209E+14 YA
+HO9E+1L* [ I0LZ+1L « 20

«+90C8E+15* L1512+165

«103E+16

TRPOY) VARIANCE RATIO =

CRITICAL F VALUES
9.9 C.L1 2.f€01
L.76 9.78 23.7C
5.44 10.90 27.08

CRITICAL F vaLuEs
0.05 ¢€0.01 0.00Ct

L.76 9.78 23.78
5.14 10.68 27.00

-.2890

e



Table A 6}14':'1-Vegetatiﬁg characters=(Continued)

3uMnAgY OF DATA

4
-~

ll

RACES 2*
3

«ItTa09N
«J8=s0gx

«355+09>

TAOLF OF ANALYSIS

CF

TREZATHENTS
RACES
ERROR
TGTAL

.3

i

- ROBCE/(TEEATMENT

SUMMARY OF DATS
1
»17E409%

«19E+09*

«18E409~

RACES 2*

e

AMALYSIS
. CF

TA2LE NF

2
(

CYPEATHENTS

‘ RACES *
ERROR -
TOTAL 11 =

RACE/ CTREATMENT -

TREATHENTS
2 3 u
S39E400% Lu7ELNO% L3BE4GY
STE+TI® LEIE+IZ% ,50E+09
S49E+09% [59E40G% 42E+09
OF VARIANGE
Sum . . CRITICAL F V&LUES
sas sas €.05 0.61 G.ot
«SEATHIT L1895417 17,65  4.76 9.78 2z.79
«330Z¢17% L1855¢17  135.328 5.16 10.95 27.59
JBUSE+16* L 10TIe15
COBLE+LT
EFOORY VARIAMGE RATIO = .54

Total number of the primary branches from the main axis.

Total number. of sterile segments in thé main axis. -’

TREATMENTS
2" 3 4
.19E+00% ,23E409% ,18E4(9
L23E409% .30E+00% ,25E409
L2LE+DY* L29E+G9* L21E+0Q
OF YASTANGE
. CRITICA S
U HeAY . TICAL F VALUES
303 sas N.05 0.91 0.001
JALBERL7* 4865415 23,98 4.76 ©.78 23.73
«319F¢16% ,L09Z+16 25,290 S5.14 10.90 27.60
APLEHLB™ 2025415
2ZL0EVL?
£230%) VARIAMGCE RATID = .55%

440,
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5.

‘4

Table A 6.14

SUMMAEY OF DATA

3
1% .31E407™
RACES 2% .I2F+07=
3* J23FsC0T7"

TABLT OF ANALYSIS

0F
TPEATHMINTS 3 *
RACES 2"
' ERRGR 6 *
TOTAL 11 -

SACE 7/ (TREATHENT +

6. Number of fertile

SurFMATY OF DATA
1
1% ,135en2>
RACES 2* .16T%+pR=>
3% L13€+08*

TRABLE OF AMALYSIS

oF
TFZATHENTS 3 =
RACES 2 *
ERROR & =

ToTAL 11 *

RACE, iTREATMINT 4

: I-Vegetative characters—(Continued)

Terminal spike length.

TREATMINTS
2 3

L126408% 2pFeCE"
JIBE4 33> L23E+08"
.12E408* 2LE+DE*

NF VARTANCE

Sy MEAN
SQS Sos

JT19E+15% 2398415

L2365 414% L117E4HLL

LISTERLL® 5965413

L

+11€E+308
«1HEXDS
.6EE~O7

F

40.22

1.97

£380R) VARIANGE RATIO =

.segments in the

0F VARIANCE

SuM MEAN
5Qs SQS

.168C+17* .S62E+15
+HORC 1G> J3LAT LS
«1LOS+16" 2305415

~1892+17

terminal spike.

L
.565+408
+TEE+08
«39E+08

23.96
1.8

£0t0T) VAFIANIE FATIO =

CRITICEL F VALUES

g.05 3,51 .00
4,76 9,78 23.70
5.1t 10,90 27.00

L 17

CRITICAL 7 vatuzec

. 0.0 0.01 0.001
“.76 9.78 23.7C
Se14 10.9C 27.00



Table A 6.14 ; 1-Vegetative characters~(Contiued)

7. Length of the lowermost branch from the main axis.

SyMMafyY OF DaTa

: TREATMENTS
1 -z 3 %

1* .BLE+N3* .10E+09* ,15E+03* .Q1E+Q8
RACES 2% .52E408 .13T+09% .11E+09% ,91E+03
' 3% BGE+GB™ 12E+409% .2254+409% L11E+09

| tABLE OF ‘ANALYSIS OF VARIANGE

oF 385 "§as F 2.05 0.01
{‘TREATMENTS '3 ¢ JA50EFLT* .502E+16 6.81 4.76 9.78
: RACES 2 * J376E+16* .1885416° 2.55 . -5.14 13.90
ERROR 6 * 4L3E+16* .738S¢15 .
TOTAL 11 * L.232E+17
" RACES(TREATMENT + ERPGR) VARIANCE RATIO = .13z

8. Length of the uppermost branch from the main axis.

SMMARY OF DATA

;1 4
’ 1* 66E+Q7* .15E+523* L19E+08* .135+G8
{JACES 2™ -5&é+07‘ »18E+G8* L20E£+08" 11E+CSH
T LI5EEAT Y LBLESNT™ L15C+G3* .S3E+07

TREATMENTS
2 . 3

< TADLE oF ANALYSTS. OF VARIANCE

i GF SuM MEAN F .
‘ sQs 50s 0.05 G.rt
TREATMINTS | 3 * ,294T+¢15~ ,983Z+14 Lh.uw2 “.76 9.78
RACES 2 * ,320%+1bL" L10E+1t 1h.88 .16 10.96G

ERROR B * J145S+1L> 2435413
TOTAL 11 ".39;£+15

RACE/(TREATHENT « =Z1202) VARIAMGCE RATIO = .2%1
. .

CRITICAL F VALUES

6.33L
23.72
27.30

CRITIGEL F VELUES

0,261
23.7¢
27.00

442,



443,

Table A 6.14

: 1-Vegetative characters-~(Continued)

9. Angle of the uppermost branch from the main axis.

SUMNARY OF DATA

-
-

1% .33E+069*

RACES 2* .25F+19
3% L3ZE409

TASLE OF ANALYSIS
DF

 TPSATMENTS 3 -

RACES 2 =
ERROR 5 *
TOTAL 11 *

" RACE/ (TREATMENT +

TREATMENTS
2

3 L
+31E+09 -0* .305+09
-0 ~0% ,31E+09

-0* .3uE+09* ,.292+09

OF VARIANCE

CRITICAL F VALUES

388 #5858 F 9.05 0.51 B.001
+11654+18% ,388E+17 1.91 4.76 9.78 23.7¢C
$ZL5E417 " L1225417 .61 S.1t 10.90 27.06
L121E418" (2026417
<262E+15
ERFOR) VARIANCE RATIO = -.075

10. Angle of the lowermost branch from the main axis.

SUMMARY OF DaTa
1

1* ,34F+09=

RRCES 2* .uLSzspg=

3% .39Fe09*

CTABLE OF ANALYSIS

OF
TREATKENTS 3

RACES z >

ERROR € =

TOT AL 11 =

RACEFCTREATMENT »

MEATMENT

9% J3BE+09* J26E+CO

[V 1%)

T
2
$J0EC+
SLIEFJI™ JILEA59% LL2E4(9

«29E+09* .58E+09™ .21E£+00Q

OF VARIANCE

SuH MZAN F

$As sas
«12BE4#17* L207¢+16 1.12
212541 7% L1THEsL7 2.83
2 22LE41T7" L374E+15 ’
25635447

ERTORY VARIANCE PATIO =

CRITICAL F varyczs
6.65 ©.01 C.ult
4.76 9.78 23.70
5.1L 10.99  27.96

Lot
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Table’A'6.14_:'2—Ferti1£‘§egment_compqnents-(Ccntinued)
1. Maximum width of the ﬁﬁd‘segﬁéﬁﬁ'y(A).

ISUMMARY 0F CATA

TREATHINTS
1 2 3 N
‘ 1 .35° .38 .43 .35
‘RACES 2 .33 36 .31 .36
3 .28 o3t .35 .30
TABLE OF ANALYSIS OF VARIANCE - :
- : : * CRITICAL F VALUSS
: oF suM MEAN F :
. 'sas ~sos L3 0.05 Q.01 . 5.501
TREATMENTS 3 .02 -~ .00 1.73  ‘u.75 9.78 23.7¢
RACES 2 .01 .01 C.F9 S.14 18,90 27.4C
ERROR 5 .a1 .00
TOYAL 11 02
2ACE/{TREATMENT + SRF0R) VARIANCE RATIO = 9L

SYMSARY OF OATA
. ;asarw;ii% év
1 ‘ 31 o3l sl2 «33
" RACES 2 L e26 . W31 - .30 .35

26 .28 «33 «23

TABLE OF ANALYSIS OF VARIANCE

CRITIGEL F VE&
OF Sy MEAN F . ‘ VELUES

5as - ses. : 0.05 G.21 e.co01
TEEATMENTS 3 .01 .09 $.09  &.76 9.78 23.79
RACES | 2 .0t <01 9.1 S.14 1€.90 27.00
ERROR | & .60 . .00
TOTAL | 1t .03 .

RACE/(TRAEATMEINT + SRF0C) YARTANCE 2A4TI0 = .932
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Table A 6.14 : 2

~Fertile segment components—(Contiued)

3. Minimum width of the 4th segment at the base (C).

[ SUMMARY OF RATA

| TREATMINTS
i k3 IN
1 .27 .27 32 .22
RACES 2 .22 .25 .25 .25
3 .21 .23 .2h .19
TEDLE OF ANALYSIS OF VARIANGE
CPITICAL F
DF SuM MEAN F
5Qs s0s 8.65 ©0.02
TREATMENTS 3 .00 .08 3.54 4,76 9.78
RRCES 2 .0t .00 6.79 5,44 1C.95%
ERROR 5 .0 .00
ToTAL 11 .01
RACE/ (TREATHENT + ERROR) VARIANGE 24710 = L7 84

4. Length of the segment (D).

SyMMaRY OF DATA

1
1 .21
RACES 2 .17

3 - ib

TABLE OF ANALYSIS OF VARIANCE

Sun
sas

oF
" TREATNENTS 3
RACES 2
ERROR &
TOTAL 11

TREA
2

« 2b
.17
<17

.00
.01
.20
.02

ERTS
3

CRITICAL F VELUES

L
S .23 .21
.21 .15
.16 4z
MEAN F
sas 3.25 0.71
.83 T.75 L.76 9.78
.01 39.11°  S.ik 1T.98
.0

bace,(TREATHENT + EOPOR) VARIANGE RATIO = 2,832
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Table A 6.14 ; 2=Fertile Segﬁent'Eompéﬁéntq:(Continued)

5. Total length of the central flowéer (E).

SUMMARY OF DATA
TOEATHMENTS
? 3

1 4 .
.23 .27 .25 .25. -
RACES 2 .1 .19 .22 .13
3 .15 .21 .22 .19
TaaLe CF ANALYSIS OF VARIAMGE CRITICAL F VELUES
oF 30s %08 F 2.05 .71 2.201
TOEATMENTS 3 .00 .20 £.0% .76 9.78  23.79
" RAtEs 2 T Lot W00 25.79  S.4% 1£.9G  27.00
ERROR 5 .08 .00
TOTAL 11 . W01 '

TACE/Z{TREATMENT + £2703) VARIANCE RATIO = 2,485

./-

6. Observed length of the central flower (F).

‘ TREATHENTS
1 2 3 u
1 19 .23 .21 .20
RACES 2 ld2 ‘15 0 L.ae .15

3 e12. . .18 .16 Y

TagL< OF ANALYSIS OF VARIANCE
‘ : CRITICAL F VELUES

or Sy MEAN F
sas SeS 3.05 €.i1 G.301
| VOEATMENTS U 3 .00 00 %06 4,76 9.78 23.79
RACES | 2 .01 .01 28.53 5.1k 1C.9C . 27.03
ERROR ' 6 .00 .09 '
ToTAL = 11 .02

RACE/(TREATHENT + ERROR) VARTANCS RATIO = J.603
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Table A 6.14

7. Observed length of the lateral flower

ToeMany 0F DATA

(%Y

RACES 2

TLBLE OF ANALYSIS
' _OF

 YPEATMENTS

~ RACES
. ERROR
TOTAL

( *BTT CTREATHMENT 4 EPR0R) VARIANCZT RATIO =

~

8. Length of the scarious border width at its tip

'
.13
.07
'06

D N W

SUMMARY OF DATA

RACES

(2

«0h
.0&
.05

TREATHENTS
2 3

13 .13

-
[
(R
.
e
(=]

»
[~
-
L]
(=]
~1

OF VARIANCE

Sys . MIAN
sQs ses
.00 .53
.0t .09
+N3 00
01

~

 YREATMENTS
2 3
0L .04
.08 .06
.05 .08

- TABLE OF ANALYSIS OF VARIANCE

TOTATHMENTS
RRCES
ERROR
TOTAL

OACE/(TRFATMENT & EIROR) VARIANCE RATTO

OF

3

s M5l
.00 .00
.00 .00
.00 .00
.60

ey
(=]

07
.06

.03

5Z.5L

6.

: Z-Fertile segment components-={(Cotinued)

CRITICLL F vatuycss
0.05 0.01 O0.0€61
LheTH Q.78 23.77
S.1L 10,90 27.03

6,410

(E-F).

1
.ﬂ‘i
W03
-~ .08
. CRITICAL F VALUES
6.5 G.01 0,0C1
o7 4L.76 8.78 23.71
7.34 S.14 10.98 27.3%
= 1.929
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Table A"6.14 : 2~fértiieléégment codponen;s-(COntinued)

9. Distance between the top of the central flower and the
top of the segment (D-F). .

' SUMMARY OF 0ATA

1

-

'RACES 2
3

TABLE OF AMALYSIS

TEEATMENTS

RACES
ERRGR
TOTAL

RACE/ (TREATNENT +

1
.92
.05

.02

oF

LI S I

i1

TREATMENTS
S 2 T3 A
«03 . .02 .00
.02 i3 .06
<06 .02 )
OF VARIANCE o i :
) . CRITICAL F VALUES
Sum MEAN F
Sas sos © 0,05 0.01 0.CgCY
P o':O». «90 . 476 9,78 23.70
.00 : .3t +26 5.4 1£.90 27.0C31
.00 .0¢ )
01

SRROR). VARIANCE 28TI0 =  =-,192
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Table A 6.14 ; 3-Fertile .segment indecis~(Contiued)

1. Minimum width of the segment/Maximum width of the segment (C/B).

"LyMMARY GF DATA

TREATMENTS
1 2 3 A
1 8490 7.90 7.50 6.80
RACES 2 8430 8.00 8.30 8.20
3 .29 8. 30 7.50 7.90

ARCSIME TRANSFORMATION APPLIFD TO DATA

TAJLE OF AMALYSIS OF VARTANCE

CRITICAL F VALUES
DF - SUM MEAN F : R
, sns $0s 9.05 2.€1 C.0CY
TREATMENTS 3 .00 . .00 1.55 %.76 9.78 23.70
RACES 2 .20 .G .67 5.1% 12.90 27.00
ERROR 6 .2 L0t
TOTAL 1% .00
%ACF/ (TREATMENT + ERROR) VARIANGE R2TIO =  =.(69

2. Length of the segment/Maximum width of the segmeﬁt (0/B).

SUNMARY OF DATA

TREATMENTS |
i 2 3 4

! £.90 £.99 5.5¢ B0

RACES 2 650 5.40 £.90 %.90

3 5.60 5.90 9.41  S.60

ARCSTNE TPANSFORMATICN APFLIED TN DATA

TAPLE OF LNALYSIS OF V

ARIANCE
oF . AN . ;erxan F YALUES
) QS Qs J3.05 Q.01 T0.201
TREATMENTS -3 T .Cy .00 3L L.7% G§.78 23.7n
RRCES 2 .CH .05 .28 Seil 10.90 27.00
ERROR 6 . .00 .00

TOTA- 11 .01

RPCE/ (TPEATHENT + F99CP) VALRIANCET ATIO = ~-s145
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Table A 6.14 ¢ 3-Fertile segment:.-tndecis-(Continued)

Observed length of the 1aferai'fi5§ér/observed length of the

central flower.

SUMMARY OF DATA
. TOEATMENTS . ° .
1 1 2 3 4
; 1 6.90 5,60 5.90 - 5.00
" RACES 2 6.00 5.50 5.60 5.70 .
596

: 3 4,80 4.20 5.00

.

" ARCSINE TRANSFORMATION APPLIED TD DATA

TABLE OF ANALYSIS OF VARIANCE

"BF Su4 bl
SQas S

TREATMENTS 3 .00 .08

1.92  4.76
’ RACES 2 .00 .00 7.20
ERROR 5 .03 .00
ToraL 11 .00

QACEI(TRE&TMéNT + ERROR) VARTANCE RATIO = 1.185

Sa.1il4 1693

s CRITICAL F VALUES
as 0.05

.21 (0.00%
.78 23.70
27.0G6

4. Total length of the central flower/length of the segment (E/D).

" SUMMAPY 0F DATA

P THEATHMENTS
' S 2 3 Lt
1 10.70 11,60 16.79 12.20
5 6CES 2 9.40 11.30 10.60 12.40
3 12.50 12.50 13.50 16.40
i
APCSINE TRANSFNRMATION APPLISD TO DATA
_ TAPLE OF ANALYSIS OF VARIANCE o,
CRITICAL F VALUES
DF ‘suM MEAN F
| _ Sas 505 : 0.05 0.01 0.701
TRSATMENTS | 3 .00 .30 7.7 4.76 9.78 23.70
‘RACES | 2 .00 .00 19.97 5.14 10.90 27.09
ERROR | & .00 .60 '

voraL 11t .01

TACE/Z{TRSATMENT + SRROR) VARIANCHT RATIO =

~

1,461
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Table A 6.14 : 3-~Fértile segment indecis—{(Continued)

5. Observed length of the lateral flower/length of the segment (G/D).

SUMMARY OF DATA
TREATMINTS
2 3

i t
1 6.1 5,20 5.50  £.90
RACES 2 4,30 4.90 t.00 4.90
. 3 4.00 4,00 Go30 L,z20
APCSINE TRANSFORMATION APPLIED TO DATA T
.. . N/,
TASLE OF ANALYSIS OF VARIANCE
CRITICAL F VALUES
OF suM MEAN F
‘ sas ses 0.05 0.01 0.00%
TREATMENTS 3 .00 .00 .16 4.76 9.73 23.73
gaces 2 .00 .00 9.74 5.4 10.90 27.98
ERROR 6 .00 .50
TovAL it L
ZACE/{TREATMENT + ER°0%) VARIANSCE RATTO =  3.038
1

6. Observed length of the central flower/length of the segment (F/D).

SUMMARY CF DATA

TREATHENTS
1 2 - 3

8.90 9.7¢ 9,10 9.60

-

i
;RFCES 2 7.10 8.80 B.70 8.50
: 8.50 9.610 8.60 8.70

ARCSINE TRANSFORMATION APPLIED TO DATA

‘TAPLE OF ANALYSIS OF VARIANCE
ARL 7 CRITICAL F VALUES

oF Su MEAY F )
sQ3 sas. _£.05 5.1 C.002
TREATHENTS 3 .C0 .09 L.61 L.76 9.78 23.78
RNCES 2 .09 G0 G.lil 5.14 10.90 27.00
ERROR 6 .00 .00 ‘
ToTAL 11 C .00 =

"RACE/ (TREATMENT + ERROR) VARIANCE RATIO < 617

s =t g £t
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. Table A 6.14 : 3~Fgrtilg]gegmgngiinieciQ-(Continued)

452,

Distance between the top of the central flower and the segment top/total
length of the central flower + distance between the top of the central
flower and the segment top. (D-F/E+D-F).

IUNMMARY OF DATA

1

1 .96

RACES 2 2.36
3 1,09

ROSINE TRANSFORMATION APPLIED TO DATA

;REATHEHT§

27 74
.95 "1.12
28 <93

TAILE OF ANALYSIS OF VARTANCE

DF

TREATMENTS 3
RACES 2
ERROR 6
ToTAL i1

RACEs (TREATMENT + ERRCR) VARIANGE SATIO

SUM MEAN

sns sas
«0C .0C
00 »30
«GO «G0
«01

&

.29
<99
.80
. CRITICAL F VALUES
3.05 0.01 G.go0
9,27 T 6.76 "9.73 23.70
11.60 5.1% 10,90 27.07
= «705

8. Covered part of the central flower/total length of the central flower
+ distance-between the top of the central flower and the segment top

(E-F/E+D-F).

SUMMAZY OF DATA

1
1 1.50
RACES 2 1.90

3 Z2.90

AQCSINE TRANSFORMATION APPLIED TO OATA

JREATHENTS
1.49 1.30
1.99 1.60
2.20 3.30

TABLE OF ANALYSIS OF VARIANCE

OF

TOEATHENTS 3
+  RACES

ERROR 6

TOTAL 11

'RACE/ (TREATMENT + EQROR) VARIANGE ATIO = 2.

SUM © MEAN

S0GS sSas
+ 00 «00
«G1 «00
.00 .00
«01

",
1.9¢0
2.70
3.63

L.08 -
21.938

CRITICAL F VALUES

0.0 GC.C1
4,76 3.78
5.14 10.90
39

8.00t
23.70
27.00




453.

Table A 6,14

3~Fertile segment indecis-(Continued)

9. Minimum width of the segment + length of the segﬁent/ 2 x maximum
width. of . the segment. (C+D/2B).

‘fUvMARY OF DATA

i
1 7.980
"RACES 2 740
‘ 3 5.90

. ARCSINE TRANSFORMATION APPLIZO TO DATA

TARLE OF ANALYSIS OF VARTANCE

213

TREATMENTS 3
RRCES 2
ERACR 5
TOTAL 11

;QEATHENT% 4
7.590 6.60 6.60
6.70 7.60 6460
7.30 6.50 6.80
Su4 MEAN 3
5Qs $03
00 .00 1.27
.00 .08 .32
00 .00

" .oo

RRCE/(TREHTMENT + ER80R]) VARIANCE RATIO =

CRITICSL F
3.95 06.G1
4.76 9.78
S.16 10.99

-.15%

VALUES
C.031
23.70

27.038

Maximum width of the an.segment from the base + maximum width of the

4th segment from the base/ 2x minimum width of the 3rd segment (A+B/2C).

SUMMARY OF QATA

1
1 12.00
RACES 2 12.80
3 12.60

ARCSINT TRANSFCRMATION APPLIED TO DATA

¢ TASLE OF ANALYSIS OF VARIANCE

OF -
TOCATMENTS

PACES

ERROR

ToTAL . 11

"RACE/ (TREATMENT + £2

k=)

TREATHENTS .
13. 26 13.40 . 15.10
13.90°  12.20  13.40
12.70 13.90° 14.20

SUM ME AN F

05 s0s

.Co .60, 3.70

.00 .2 .35

.00 .00

.00
0R1 VARIANSE RATIOD =

CRITICAL F
0.05 10.01
L.76 9.78

S.14 10.90

VALUES
0.001
23.70
27.C¢
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Table A 6.14 : 3~Fertile segment indecis-(Continued)

.

11. Total length of the central flower/length of the scari
. 5 g he s
width at its tip. (E/E-F). ious border

;FU‘{MA'.U.Y OF NATA

, . TREATMENTS
1 2 3 6
1 59,50 52.10 . 83.09 69.30°
RACES 2-  n31.20 55,50 5£.50  33.20
3 31.60 63.R0 27.50 25,00
ARCSINE TRANSFORMATION APPLIED TO GATA
TABLE OF AMALYSIS OF VARTIANCE
. . CRITICAL £ VALUES
: oF S HEAN F
Sas S¢S - .95 G.CL 0.301
TREATMENTS 3 »08 .03 3.52 L,T6 9.78 23.70
RACES 2 .25 o1 16.58 S.14 40.90 27.09
ERROR B 0 .01
TOTAL = 11 37

BArEZ(TREATHENT + ERR0OP) VARIANCE PATIO =  Z.117

)



455,

Table A 6.15 Shows the axes values (axis 1 and 2) for each of

the 8 Salicornia types cultured according to their
morphological characters, based on the Principal

Component Analysis,

CYOLE MUMBER = 1
ITERATION = & MAXIMUM RAOT = 1 VALUE OF «23340431E4CE
PEPCEHT VARIANCE 98.0L686 ' : '
CYCLE NUMBER = 2
ITERATION = 333 MAXIHUM ROOT = 3 VALUE OF .192246205 45 4
PERCENT VARIANCE  .80757 '
CYCLE *lUMBER = 3 .
ITERATION = 18 MAXIMUM ROOT = 8 VALUE OF +186532575+° ¢
PESCENT VARIANCE ,78357
TOTAL VARIAHCE = .238053843+06

COORDINATES FNR PLOTTING

: 1 2 3

1 L93.069 24,006 29.121

2 245,116 27.656 8

3 318,886 50.736 22.892

4 376,065 478 9.021

5 79.659 0 33,068

6 a 25.991 1,067

7 36.433 29.999 12.725

8 61.710 29.191 46,065

AXIS ORIGINS  201.367 23,507 13,235

15.57.47. 79/03/12. I.C.C.C. HETHORK OPEPATING SYSTEM. NOS 1.1-43C.!

ORTGINAL FILE NAHSE - QUTPUT QUEUZ NAME - HOAUDAP Jt



Table A 7.1 Shows total nitrogen, total phosphorus

456,

and sodium

in p.p.m. for the soils from Shingle Street..

The elements/ } Total ﬁitfogen Total phosphorus ‘ Sodium
weight/vol, PePoMe Pep.m, Pep.m.
used. :
Soil 4
reference 0.25g/50ml 1.5g/50ml 1.5g/50ml
“number : ' L
x s.D. | x S.D. | x - S.D.
1A 26.03 ~ ' +1.15 | 20,42  +0.63 [388.33 +36.89
Lower marsh 1B 29.42 42,24 |18.33 2,02 |460.00  +52,92
. 1c 32,87  +4.54 (22,83  +1.23 |465.00 +18.03
populations - - -
1D 35.37  #1.60 {20.33  +0.88 [338.33. +12.58
1E 17.75  +0.90 |16.92  +0.63 |328.33 +20.20
24 42.03  +2.52°(36.08  +2.00 |708.33  +52.04
28 30.37 40,29 |33.08  +2.25 |641.67 +38.84
Lower marsh - - -
2¢ 36.53  +5.92 {34.83  +3.79 |705.00  +0.00
populations 5y 33.95  +1.77 |30.00  +5.68 |650.00 +34.64
2E 31.97  #5.51 [ 34,58  +1.90 |711.67 +11.55
3A 12.20  #1.00 [27.08  +1.90 |366.67 +14.43
3B 12.53  +1.76 [26.83  +0.29 [368.33 +40.72
Lower marsh - e e
| 3C 12,75  +1.15 [30.58  #5.56 [400.00  +00.00
(mid.dl;) 3D 13.87  +0.58 |28.17  +0.29 |[353.33  +25.66
mars - - - .
. 3E 13.37  #0.76 [32.50  +4.58 [336.67 +20.20
populations = - . -
4A | 12.53  +1.01 |25.83 +1.38 [326.67 +32.53
4B | 12.05  +1.03 |26.67  +0.29 |318.33  +28.43
" sc | 10.73  +1.03 [25.92  +1.23 [320.00 +17.32
4D 10.45  +0.75 [25.00  +0.75 |293.33 +17.56
4E 13.87  +0.80 |23.08  +3.71 [325.00 +25.00
SA 12,37 +1,80 (26,42  +0.88 |[273.33 +12.58
5B 13.83  +0.32 | 27.00  +0.50 |308.33  +32.53
" 5¢ 13.95  +1.02 | 23,92  +3.09 |303.33  +25.66
5D 11.35  +0.80 | 25.75  +1.32 [338.,33 +12,58
SE 13.89  +1.00 [25.92  +1.42 |308.33 +42,52




Table A 7.1

~ ~(Continued)

457.

The elements/ Total nitrogen Total phosphorusj. Sodium
weight /vol. pPep.m. P.P.m. pP.p.m.
used. -
Soil
reference 0.25g/50ml 1.5g/50m1 1.5g/50ml
number : :
x S.D. |x S.D. x S.D.
Upper marsh 6B 15.70 +1.00 (27,25 $0.66 |273.33 +12.58
. 6C 13,70 +0,00 [29.08 +0,76 | 268.33  +14,42
populations —_ - -

: 6D 16.37 +1,65 |29,00 *1.75 | 283.33  +20.20
6E 13.62_ ' :ﬂ.59 28.17 *1.91 240,00 +22,91
7A 14,78 + 26.5 *0.66 | 311.67 - +37.53

Upper marsh 7B 14,37 +1.44 26,58 +1.84 | 370.00 | +65.38
7C 14,45 +0.00 |26.50 +2.38 | 308,33 " +32,53
populations ., 14,58 _ +0,18 [27.08  +0.72 | 310,00  +00.00
7E . 13,37 +1.04 |25.83 *1.84 | 275,00  +26,46

* gach value is a;mean

- TAble A 7.2

of 3 samples.

Shows total nitrogen, total phosphorus and sodium

in p.p.m. for the soils from Northney, Hayling Island,

The elements/ Total nitroger Total phoesphorus Sodium
Weight/vol. p.pcmo p‘p.m' p.p-m'
used.,:
Soil’
reference 0.25g/50ml 1.5g/50ml 1.5g/50ml
number
x S.D. | x S.D. x S.D.
1A 13.91  +1.07 [23.33  +0.50 | 270 +2.64
Lower marsh 1B 14,40  +2,01 [23.30 +1.27 | 285 +7.64
populations 1c 19.19 :}.19 26,83 +0.38 | 295 '+5.00
1D 18.16 +1.09 25.§9 ¥0.22 | 305 +4.36
1E 20.06  +4.49 |25.94 +1.57 | 330 +3.28
Upper marsh 2 31.44 +2,89 - + - - + -
populations - - -

* each value is a mean

of 9 samples.




‘Table A 7. 3

458,

Shows total nitrogen, total phospliorusand - -

sodium 1n p.p.m. for the soils from Warham,

Wells next to the sea, Norfolk.

Total phosphorus

(middle marsh) 3C

10,40  #2.72

22,63 +3.99

The elements/|| Total nitrogen Sodium
weight/vol. P.p.m. pP.p.m, Pep.m.
used. 0.25g/50ml 1.5g/50ml 1.5g/50ml
Soil ‘ ' "
reference
number
1 4.97  $0.97 | 24,90  +2.84 |220  +3.4
1B 9.59 +1.26 28,92 +1.23 - + =
Lower marsh 1C 6.86 :_7.48 - + - - + -
1D 2.77  +1.03 24,53 #5.34 |220  +9.75
1E - 10.39  +1.07 - + - |-
24 4.5 #2.5 14,17 +2.98 |120  +7.74
2B 12.79 +1.68 - + - - + -
Lower marsh 2C 3.19 +2,09 - + - - + =
2D 9.20 +1,69 - - - + -
3A 8.58  +1.85 22,80  +5.66 |270.0 +12,47
Lower marsh 3B 6.00  +1.81 18,04  +1.92 |180.0 + 9.12

290.0 +9.32

Upper marsh 4B

LA

4C
4D
4E

17.05  +0.89
10.73  +0.98
17.04  +3.37
12,42  +2.41
26.09 *4.91

28,25  +2.76
26,56 +2.48
29.68  +2.67
12,42 +2.41
26,09  +4.91

220  + 5.66
340 +12.15
260  + 7.89
260 + 7.89
480 +10.68 |

* each value is a mean of 9 samples.,
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Table A. 7.4 Shows the minimum and maximum values for the morphological characters of .Salicornia

populations occupying soils differing in their total nitrogen content in the lower marsh of Warham.

" Population number/total nitrogen 1D 1B 2C 2B
~‘-—__‘_"""‘“‘——~———-—-____________ 0.06% 0,192 0.06% 1 0.26%

\— -
Vegetative characters s N Min, Max. | Min, Max. | Min. Max.| Min. Max.
1, Shoot length _ ~ 115 10.4 20.2| 19.0 ; 29,5 | 6.4 17.5 ]17.2 25,5
2, Number‘of sFerlle segments in 15 9 16 10 18 6 12 10 18
the main axis.
3. Total number of primary branches '
from the main axis. 15 14 , 30 20 .32 12 24 20 36
4, Terminal spike length. 15 1.2 4.0 2.6 9.7 | 2.1 4,9 | 2.4 5.2
5. Number of fert1¥e segments in 15 3 13 8 18 5 14 7 14
the terminal spike.
6. Length of the uppermost branch |, g 0.8 1.8| 1.2 5.6 |1.2 3.1 | 1.6 3.3
from the main axis. e E : T : SR . _
7. Length of the lowermost bramch |}, 4.0 13.3] 5.0 16.2 | 4.9 9.5 | 3.3 12.8
from the main axis. :
8. A?gle of thg uppermost branch 15 30° 50° 30° 50° 25° 40° 30° 40°
with the main axis. . _ -
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Table A, 7.5 Shows the minimum and maximum values for the morphological
characters of Salicornia populations occupying soils
differing in their total nitrogen content in the lower

marsh of Northney, Hayling Island.

Population number/ 1A ; 1E
total nitrogen 0.287% : 0.397
Vegetative characters N Min. ' Max. | Min. Max.
1. Shoot length 15 20.2 "31.0 | 24.5 33,7

2. Number of sterile seg~

ments in the main axis.15 14 23 16 22
3. Total number of primary
branches from the main (15 26 46 32 44
- axis.
4. Terminal spike length |15 1.8 3.5 | 2.4 3.5
5. Number of fertile seg-

ments in the terminal |15 6 12 7 | 13
spike. :

i
6.Length of the upper- :
most branch from the |15 1.0 4,2 1.3 2.8
main axis. : )

7. Length of the lower—
most branch from the 15 10.2 17.7 13.3 24 .8
main axis., '

1

8. Angle of the hpper— o
most branch with the 15 30 50
main axis,

30 50
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Table A. 7.6 Shows the minimum and maximum values for the morphological characters of Salicornia’

populations occupying soils relatively with similar total nitrogen content in the lower

marsh of Shingle Street,

—— Population number/total nitrogen 11 12 13 14
_ : - 0.287 _ 0.28% 0.257 0.267%
Vegetative characters N Min. : Max.| Min. Max, | Min, Max, | Min, Max.
1. Shoot length 15 - | 24,6 32.5 | 20.2 33.0 | 21.3 30.2 | 19.3 35.6
2. Number of sterlle segments in the main 15 “13 19 13.0 19.0 14.0 19.0 12 20
ax1s. i L] . L] L . )
3. - Total number of primary branches from 15 24 40 26.0 40.0 30 38 24 42
the main axis. . ' '
4, Termimal spike length. 15 4.3 6.8 2,2 6.4 2.8 6.7 4,0 7.6
5. Number of fertile segments in the 15 12 17 9 A 17 9 19 11 29
terminal spike,
6. Length of the uppermost branch from 15 1.8 3.8 1.3 4.0 1.5 4.2 1.7 5 9
the main axis, . = . 3 . 1.5 2 .7 ,
7. Length of the lowermost branch from 16 | 6.6 20.2 7.2 26 6 _ _ 9.2 24.7
the main axis. , : : : * ' ’
8. Angle of the uppermost branch with 15 40° 606 50 60° 50° 60° 40° 60°

the main axis.
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»

Table A 7. 7 Showing the presence of the phenolic glycosides spots isolated in two-dimensional paper chromatography
for the analysed individuals of Salicornia from Shingle Street, Suffolk, Warham, Wells next to the sea,

Norfolk, Pagham harbour, Sussex and Northney, Haylxng Island populations. .

1. Shingle Street, Suffolk
Spots colour in U.V, + NH3 *# &'/ & ﬁ? < &
A, _ NN \ &, o AA ﬁv
. and . . k? . . ‘~7
Population o/ &) Q "‘v na £ .s., o/ & 4 S
and plant number number

P
1/] Y 4/5/ 8/ 1/ 8/ 9/10/11/12/13/14/15/1712/18/19/20 /21/ 27 23’24/25/26/:?728/19/30/31/31

+ + = = = 4+ 4+ + = + = = 4+ F+ + = = + o+ F = - = = e = e e - -

I 2 + + = = = o+ 4+ = 4+ = = o+ = = o+ o+ o - - 4+ + = e e = = e - -
R S A I N T G S N S . T R T R

+ = = = e e 4 e e e e m = = e e m = = e = e = e e e -

II 2 T R Y S T . SR T T S S S R R T T
+ + = = = 4 = = = =k = b = - - =t = e e = e e - -

2 + + = = = e o+ =t = = o+ o+ o+ + o+ + + - I I I R

III + + = = = = = =+ + + + + = o+ = - = = = e = e e - -
5 + + = = e e+ = ==+ + o+ -+ -+ - s R T

1 + F = = = b 4+ = b= = b = = e b= . T I

2 + = = = ot 4 = = = = = = = = - - e 4 = e = = e = e -

v 3 + + = = + + + + =+ = = o+ F At =~ = = o+ = - et = m e = e = e -
5 + F = = g = = = = = = = m e = - I

+ + ¢ = = = o+ = = = o = o = o = - - = 4 = = = = e - - -

8 T L . T T S A

A 11 + + + = = + 4+t =t = = ot ot =t = = - - et = = = e e = - -

* See page 121.
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Table A 7.7 (Continued)

1. Shingle Street, Suffolk

i . /o e/ &) . . o/ /=
Spots colour ;;ldU.V- " * IO AN "? of 7 o N A'S &) of J S /NN . -5 ’é" . 5., o S
Population ) © o/ &/ v & T A & &L/ /NS & S/ &) N/ & 2
and plant number number . '

1/ 2/ 3/ 4/5 7 6/ 7/ 8/ 9/I0 AT /A2 A3/14/15/16/11/18/19/20 / 21/ 2 2¥24/25/26/27/ 28/29/30/31/32

]

V (continued) 10 + + + = = 4+ + + = + = = + + + = + + = F = = = = = == = = = -
S D R T i T S e
1 T T S S A T T T T . R S S R T R T T T R

2 + + F+ = = + F + = F = = F + + = + F = F = =, F = = = = e = ==

VI . 3 + + + = - ‘+ + + = 4+ = = + + + = + + F+ F = = = = = = = e = - -
4 + + + = = =+ + = .= ==+ =+t - - - - - = = = . - - -

15 B T - T R S T N T S S T T S S

1 + + = + = + + + = + = = F + F =+t Ff = = = = e e = = e e = e -

2 + + - - = + + = + = = & + + = F F = = e = = = e = = = e - o=

VII 3 + + = + = = 4+ + = + = = o F F = F g = = = = = = = = = e = = -
5 I T e R e i T S S R A e Tt T S T T S PP S

4 L R I e T T I I R A O T e

VIII 5 R R - T e S . . S
L R R T R o L R T T TR "
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Table A 7. 7 (Cont;.inued)

1. Shingle Street, Suffolk,

‘ Spots colour in U.V, + NHj3 s Av Ac? :s. .ég 55’ YN $ AS?
- &l . »,
Population and ' YAy q; g Y & oq .x, A, SYAY m &/ &) s
and plant number number

1/2/ 3/ /1] 8/ 7171 ﬂ2A3/14/15/16/17/18/19/Z)/2]@2% 23’24/25726/27/28/29/,3@1[32/
1 + + + + + = = = =t + =t = = = = m = = - - - = =
2 + + = + + - + +' e R . T S S I - - = =
IX 3 + 4+ = + + = + 4+ = = & = + + & = F F =} = == = = = = - - = -
5 B T T S R T T TR ST T S R S T T R e T T T - .- = -
1 + + = = = F = = =+ o+ o+ - + =t = = = b = = = - = = -
2 + - -+ = 4+ + = 4+ - - + + + + =t = = = 4 = = = - + - - -
XA 3 + - 4t = - o+ - - = 4+ + + =+ + =t = = = = = - - + - = -
4 + = = = = = e m = e} = = m = e m = = = = = - I
5 e e S T . T T S S T, T
; + = = e o = 4 T A I T S .
XB ' 2 F - = - 4 - 4 o+ - .- - - b o+ - = = e M D e e e e e o - - +
+ = = =t = = = = et bt m == = 4 = = = e e = = =4 = = 3
1 + + = = + = 4+ 4+ = + = = + 4+ + = + + = 4 = = 4 e~ = e = = 4 = - 3
XC . 2 + + + = = = 4+ 4 = d = = 4t + F+ =+ =t = m F = = e e = = = -
3 + + + = + = + 4t = + = = + F+ F+ = F+ + + F+ = = F = = = - - + - - -
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Table A 'Z.,7 (Continued)

v

1. Shingle Street, Suffolk,

Spots colour in U.V, + NHj

°* * CD. 0' & . ® A,'

. . (<} ) 0 & .

. and A-' afaf 8 A-’ ‘é” of & N NS: & of of SN IN] o ’8 S >, A ?
Population o /& s/ &) & A &/ &/ /NS & N O &N &) RS Qf ¢
and plant number number ° e/ »), -
/ 1/2/ 3/ 4/57 6/ 7] 8/ S/NOATAA2Z A3/14/15/16/17/18/19/20 7 21/ 2%/ 2¥24725726/27/ 287297/ 30731/ 32/

1 + 4+ + o+ o+ o+ + + + + + o+ - -+ - - - e e e .- - -

XI + 4+ + - + o+ + + + + - - - = e = e - - =t

+ + - + + + + + + + + - = 4+ = = = e = - - = %

1 + + - -+ o+ + + 4+ + + - - =+ = = e e e e . = -

XII 2 + + -+ + + + + + - T T

+ + -+ + + + + + + + - - = 4 = e e == = . - -

1 + + -+ + 4+ + + + + + + - - 4+ - L

XIII + + - + + + - + + + + - - = 4 = = = = e - . = -

’ ) + + -+ + + + . + o+ 4+ - - 4 = e e e m m e e -

1 + + + + + 0+ + + + + + 4+ T S S

XIV + + + + + + + + + + + T T R

+ + - + + + + + .+ + .+ o+ - = e e e e e e e e = -

e T
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Table A 7.7 (Continued)

2, Warham populations.

Spots colour in U.V. + NH3

Population and

and plant number number

'\70.
S Q

T T

1/ 2/ 3/ 4/57 &/ 7] 8/ 90 AT/i2 A3/14/15/16/17/18/19/20 7 21/ 27 224725726/ 27/ 28725/30/31/32

Al + + + F = = b = F = = F 4 = o 4+t & = = = f = = F = = G = = o=

1 A3 + + + + = + F + = F = =+ o+ o+ o+ o+ 4+ -+ = = = =+ - - 4 = - -
A4 + 4+ + ot = = o doe o ==+ o+ o+ o+t ot F = = d = = = = = = -

B1 + + F F = b F = F = =+ F 4+ o+ = = m e e e = e e e -

1 B + + + 4+ = b+ b = F = = F F p = F + = F = F e m = = = o = = =
+ + + + = 4+ + + = d = = o+ o+ o+ + + + =t = F em = = = = = =

C]_ + + 4+ F =+ + F = g = e b F m = = = = = e e wm = wm = e e -

1 C2 + + + = + + = 4+ = = o+ o+ o+ o+t - + = e m = = = = e -
03 + + + = = + + F =+ = = 4+ + + 4+ 4+ =+t = = = = e e = - - =

D1 + 4+ + + = + = = F = = bt = m m == = = wm e e - - = - -

1 D2 + + + F = 4+ + + =m F = =ttt = = e d = =m w e = = = - -
D3 + = d = F f w em e = owm m m = e m e f = wm = m = = = = = =
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Table- A 7.7  (Continued)

2. Warham populations.

. T . &
Spots colour in U.V, + NHj . g %y NS ) . o/ ¢ S .
1 and A" % 5 A: AS’ s/ &7 oy W. '\} *f a0 . CD. oA ) -: A: b:’ ?
Population ) AV /AT RYE YA ) 5/ &L Lf A& o'/ oY & O/ &) &Y &) Q
and plant number number ' 75/ A

S .
// 1/2/ 3/ 4/5] 6] 7 9/10 A1 /12 A3/14/15/16/17/18/19/207 21/ 2% 2¥24725/26/277 287/29/30/31/ 32

74

E11 + + + + = + + + = + = 4+ .+ = F = + F = e F = e e e = o= fg = = -
1 - E12 L T S R N . R T I I R I T . T S . . - -
E15 ' + 4+ + + = F F o+ =+ =+ =t o+ F = F == = = = = - - -
E21 + + + + - + + = 4+ = = + + 4+ = % + = + F = . . . e . - o} - - -
1 E.2 + 4+ + + - 4+ + = + = = + + =+ =t = = e . wm - = - - -
E23 + = e e e o e e o e e wm  wm wm owm f f em e wm e = 4 e - -
A]_]' + 4+ + F e p f F wm o = m k- d = G e em o = = =m wm e e e - - -
2 A12 + + o+ - 4+ 4+ ¢+ = + = = S R . T T - -
A13 + + + + = 4+ + 4+ - 4+ - = 4+ 4+ + F - == = = = - + - -+ - - -
Azl + 4+ = e = f wm e G wm m wm wm f = m e wm em o} e = 4 = - -
2 A2 I T R S T S S S A T S T A - -
A23 L . I . . T T S A I N . . T T S T SR - -
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Table A 7. 7 (Continued)

2, Warham populations,

' Spots colour in U,V, + NH . J o &/ e VL . o
'P and ? o ‘“‘"‘“‘"-‘v"i"?-w'ww'&$&r'--.u'“‘:. g"&b
Population Q o/ &/ & &) & S LS q &) L L N/ &) O/ &) A
and plant number .. humber ‘

/1/2/ 3/ 4/5/ 6] 7/ 8/ 9/10 I1 /IZ A3/14/15/16/17/18/19/20 / 21/ 2% 2¥24/25/26/27/ 28/29,30/31/32

B11 + + + F = + =+t A+ = = F 4t F = F F = 4t = === e == == = 4
2 }312 I T S A T S T R T e
1313, Y L e T A T e T T S T R T
le + + + = + 4+ 4+ = 4+ = = + + - e e = m e = = = = = = = -
2 1322 + + 4+ - + + = 4+ = = + = + = 4 = = e e = =t = = =
B23 B Y S S T T T T T S R N G . ST R I I A e
Cc,1 T i . . T T T T S T R R e e e A
2 012 + + + + = + = F = =+ o+ =+t =+ === ==+ o+ o+ -
C13 + + + 4+ =+ = o = o=m p ot =+t =+ = ==+~ =+ o+ o+ -
C21 T e T . T T R TR T R e R T
2 C23 + + F 4 =+ F ok = 4 = = o+ F = 4+ 4+t = = = == == = = -
C25 O L 1 S e T Tt e L R T R L . R A o e
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(Continued)

2, Warham populations,

Population

and

/8

T

g

AL

Spots colour in U.V. + NHj . A
: SYAY LS
1

]

A,
o o
and plant number number ’
d s 72/ 3/ 4/57 6] 7/ 8/ 9/A0 AT A2 A3714715716/17/18/19/207 21/ 27/ 2¥24725/26/27/ 28/29/30/31732

D,2 P T I T e S R ST R R

2 Dla + + + + = 4+ F+ = F = =+ + + =+ = 4+ + = 4t ==+ = =t - - -

Dls + + + + = 4+ = = = k4 = = e et = = = = == = = -

D21 L S T T T R e A e

2 D22 + + + 4+ =~ + + 4+ = o - - 4+ $ = = m e e = e = w = = = = -

D23 e I L T T T T T L e

D33 + + F = = f F At w em = =ttt = = = = 4 = = F = = = - - ==

2 D34 + 4 + = = k4 = F = = 4 t F = = = = F e = = == e == .- ==

DéS + + o+ = = F F = e wm e m = = = = = = == = = = = - =

Al + = 4+ 4 = 4t F F = F m e = = p e e e = = = = =+ =t - = -

3 A2 + = + + - = F e e m m f e m = = o= m e = = = = = = =

va3 + = * + - + +,, - _+} - - = - - e e wm e = = e = - - = e - = =
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Table A:7..7. (Continued)

2. Warham populations.

R T

Spots colour in U.V, + NH3 N
. and . Ay
Population © 5
d plant b numb /
and poant miher moer 172737 4/57 8] 7/ 8] SO ALAZ A3/ 1a/15/16/13/18/10/ %7 21/ 27 29247257 26/ 277 287297301311 3

1.’»1 + =~ 4+ 4 = F h F = F = e F F = = = = F F =~ 4 = =+ = = & = = =
3 : BZ F o~ F F = F F F = e o= F em F F wm om oewm m om o= d = o=} o= = m = e
133' . e o = F F F =t = o= o F F A mm = F o = = = = = = -
C1 + = = e k F F m F F = m = == = = = = = == = e = -
3 C2 + + + + - + + - - = + + F = = =+ = = - - = = = = -
C3 + + + O+ = = F ot = =k =+ = = = =t = =+ = = - == = = = -
Al B N T e R . R R R R R R . T T A T R o
4 AZ i N N S O T e T T - = e e = =
A3 + . = - e e o F  F e F m = F e . =m w m m = e e = = o = - - . = -
Bll $ = o m e = F m p e m F F F = o m m e e e = = = wm e = = = = -
4 Blz = F + = = F d = F = = F o+ F F = = = = = = = = = = = = = -
}313 + = + + = = + # = + = - + + + T T T R I - T
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Table A 7.7 (Continued)

2, Warham populations.

Spots colour in U.V, + NH . &'/ ¢
. and PNES S ulf S S o
Population < o/ & /R &) KT o)
and plant number number /

1/2/ 3/ &/57 6/ 7/ 8/ 9/I0 AL 12 A3/14/15/16/17/18/19/207 21/ 22/ 2¥24/25/26/27/28/29/30/31/ 32
le (f = e e e e = m = o= om o= = = = = e = = == - - - - + - - -
4 322 $ = F = = m F F = g = o=t = F F = m e m == = = = ===} =~ -
B23 = F = e em o F = == = = = = - . e e e e = = = = = = -
C11 F = = e om o= F = F = = = F F w = = e = === =} === ===
4 C12 F = e = =+ F = F = = F = F F = m == == = = = = == == -
C13 . = = e ek ko F = F = o= = F = = e = == === = == == -
C21 $ = = = = k= = = = 4 = k4 - = = F - === == s === ==
4 ! c.3 T R T A T T e
Cza. e T TSP SPC RE SN - e mF h m e = = = m = wm e = = = = ==
D1 F = = + = + F + = F = = .+ F+ F & +t = F - ===} === ===
4 D2  + = + = F F+ F =t m oem F o=+ 4+ + F = F F = == = F == === -
1)3 F F = = e F F = = = F A F = = e = = m == === e === ==
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Table A 7. 7 (Continued)

3, Pagham,

e T L T

/13/11‘/1116/17/18/19/20 /2122 2524/25/26/21/28/29/30/31/32

2 + = e d d o wm d = wm G = em e o h = m e f = e f m = w = = -

II . 3 + 4+ + = = 4+ 4 4+ = = = ot 4+ =t F = = = = = = e = - -
+ o+ == b e e = bt = b = b = e = = = e e e -

R . T T § - f ®m = o wm F f wm g m am e m e e e = e = -

III 2 + At = e f f wm G m em e e em g m m e e e e e w = e = -
d F F e e 4 m e b e am m o h e o f m f = e e e e m em e e e = =

1 + + F = = e o wm em e f e o d m e = wm e e e e e m wm e = =

v 3 S L T S e F . T . T
d o = e o o o e e e g em o e e em e e e e e e e e e o e

1 + f = e wm = 4 wm f m wm o e f o F w e e e m @ e wm = e e e e

A\ . T S T N N S . - . S T T . T
3 B . S N S S N N I . T

T 0 U U U
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Table A.7;7 (Continued)

3, Pagham,

Spots colour in U.V. + NHj . g
. and o A o
Population i © o/ &)
and plant number number

AL AN AL

H 1/2/ 3 4/5 /6] 7] 8] 9/I0AT /A2 A3/14/15/16/17/18/19/ 07 21/ 27 23/24/25/26/27L28/29/,‘30/31/3?7
4 m = e 4 = d ek = k= A+ Ak F = e F o= om o= e = e = 4

Vi L T T A A T R T T . T S A N +i

L L T Ty

+ + + - = - + = + = =+ =+ =+t F = = = e e = m e e - +;

VII - 2 + + = = =+ 4+ =+ = =+ + =+ F = F = m e e = e = = e e - -%
3 + + o+ ; - = % 4+ = . = = o+ + = + =+ 4 = = d = e = = e - -}
+ + + + = = + 4+ = = = 4+ = = = d == e e === = e = - -

VIII 2 + + = = F = 4 = - M+ ;v‘+ -+ - - ‘4b - e e e e e e e e e - o
+ + - - + 4+ - N T T T T T
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‘Pable A 7.:7 (Continued)

4; Hayling Island.

N I T A T /i’ 1375

-
o S
R:Qc

1/2/ 3/ &/5 0/11/12/13/14/15/16/17/18/19/20 /212 z 8/29,30/31/32L
A1 + =+ + =+ 4+ -+ - =+ o+ - = - e = e = 4 = = -
1 AZ L R L T I R R S I T R e T, S
A3 + = + 4+ =t A+ = F = et F o F o= m = m e = e mm = e om o= d = = -
+ +# + = = 4+ 4+ + = & = = 4+ + + = + F = F 4 = = = =} =, . e - -
1 + + + = + 4+ + = F = = + o+ + = ¢ I R R e R
+ 0+ + 4+ =+ F =t = =+t F = F =kt == m == e e - -
D1 I . T S R T T S S Y
1 D2 + = + + = = 4 = = 4 = et F = m = = omoem e = m o= o= = 4 e o= -
D3 A R T I T T R R R T T
Ell + + + F - = = = = = d F F = b e e e e e eE e e e e =}
1 E12 + + + = = F + = F = = + F F+ = F F = =, = e e e = = e = = - ¢
313 + + + + = = =+ == o+ B T T T T
E,1 E I R R R T T S R T T T
1 E22 + - S T I G T e R T T
323 + = + = e - - - - - 4+ = 4+ + = = = & = e e e = et e = -
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Table A7.8 Shows the table of the latent vectors values of
the variable phenolic glycosides spots and the
axes values (axis 1 and 2Y- for each of the 52
Salicornia populations analysed by Principal

Component Analysis.

LATENT VECTORS N PRINCIPAL COMPONENTS

1 .%31' ) .US? : 1 2.312 :136
Z 114 2326 2 22633 0l
3 culsy « 373 3 2,836 « 371
& «u92 —;222"_ 4 22617 « 987
5 sL8YL 247 ’ S 3,024 ’ 0862
s .CUZ .GTG 6 33338 --127
-7 2265 2156 7 2,693 « 7G5
] s u22 ~aU3% 8 e 805 Y4
E) 1093 -.075 9 26892 132
19 . 285 2699 11 2.941 s077
11 ~s128 tﬁ55 11 Z2.722 s
12 ol -e116 12 2e¢ 814 -s 177
13 FEPEY «“»116 M i3 2¢119 «19%
14 «23 -~ 263 ¢ 16 2,749 2 7T%5
15 «263 «£33 . 18 2.b616 2821
i6 « 157 0363 b3 1300 «122
17 + 218 2532 ' 17 3637 Se.907
i3 o148 ~+054 i8 3,437 .95/
19 -+052 Jub7 i3 2.545 2,118
20 -e011 138 23 2,757 2,264
21; -.009 302 21 2.L45% 2118
22| olirls . #165 22 2,713 2,54
23 2116 »161 23 2.7h5 4,652
24 | .098 -.233 24 1,728 1,924
. 2s AL0LT 1,591

- 26 z. 713 2. 454

27 - 4. 060 2:417

2F $y24835 2.019

29 2,792 2,24n

32 1943 2~ 167

31 1,49ty 42065

1z 1:.851 2yG386

33 1:5=% 2,344

BT 2?77 de )&

25 562 cTHE

jb « 584 B35

37 602 Yar!

%M ,389 _3iR

k) 924 1. 17¢

L3 YA % Bah

41 2yv42h HAE ]

vz 2.70% i,07n

('S4 2:8210 17 342

L1, <593 ~e 205

45 2.673 ~.534

Lh 2,937 -t

W7 e.723 ~. 160

Y 1:086 iquLf

L) 2.722 1.75%

ge 1.040 1,186

bi 2,354 : 715

g2 1, 604 -854

PERCEHTAGE VARTANCES

17045 16,100

..





