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2. 

ABSTRACT 

The main study has involved experimental work on phenotypic 

variation in the annual species of Salicornia, 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 diameter and certain mor-

phological characters (associated with the degree of compression of 

the fertile segments) showed a correlation 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. europaea 

group), the other tetraploid (the S. procurnbens group). The only 

separate recognisable chromatographically, S. pusilla, 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 favoured increase in seed size and 

caused an advancement of flowering time. Variation in phosphorus 

levels produced much less marked effects, but elevated sodium chloride 
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levels induced stunting of growth. Doubling the daylight ambient 

light 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 Salicornia 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 normal 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 I 

INTRODUCTION 

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 "halophyte" was introduced 

by Pallas for Schrader in Gottigen in 1809, who stated that Salicornia, 

Salsola L. and related plants be put "Unten einem Wieer glaubt, pass and 

er Namen Von Halophyte Vereinigt". Like Salsola and Suaeda Forsk. ex 

Scup. it can be considered as an indicator of saline habitats. Since 

halophytic plantsare 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 Salicornia 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, the 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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Figure 1.1 General morphology of annual 

SaZicornia. 
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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 leaves, 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 terminal 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. pusilla Wood, 5-10 in S. 

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 S. 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). In 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 partition 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 germinated seeds of S. 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 first 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 S. herbacea_ and illumination. 

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) showed the density of SaZicornia 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 to 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. Consequently, 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 Salicornia 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 widespread disper-

sal by tidal current does not seem to apply to all the groups of 

Salicornia spp., especially the diploid form in the high marsh, where 

the seeds remain with the parent plants; Ball and Brown (1970) pointed 

out "1t 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. pus-Ma 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 by the wind in quantity potential- 

ly capable of effecting cross pollination, (Dalby, 1962; Hilton 1975). 

However, there are considerations which raise doubts about the effect- 

iveness of wind-pollination in this genus. As knuth (1909) quotes Schulz 

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 micrographs of Salicornia 

europaea (A), x3812 and S. dolichostachya (B), 

x4104 pollen grains. 



34. 



35. 

and anthers appear simultaneously and even when protogynous pollen 

from earlier flowers on one part of a plant 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 genus 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 emerge simultaneously. However, Dalby (1955 q)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 Salicornia 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 not exclude 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 



36. 

limit them either entirely or largely to coastal areas or 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 Halocnemum M. Bleb. and 

Arthrocnemum (Moq.), often occur in similar habitats. Salicornia 

species occupy a pioneer stage in the development 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 Salicornia spp. were given similar names to the coastal 

species, one does not know whether 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 Salicornia europaea L. 

• 

1.1.5. Economic uses of Salicornia 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, usually 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-Joūve 1865, Dumortier 1868, Townsend 

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

Linnaeus 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 supposed species has risen sharply. Indeed, Willmot 

(Willmot unpublished) mentioned over 50 species in the British Isles 

alone. This is 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 the 

various characters used in species- discrimination show very few corr-

elated discontinuities; in general variation is continuous, between 

extremes. 

The classification of Salicornia followed 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 Woods, 

S. 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 (Hamblen. 

1954, Ball and Tutiv 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 agreement 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 remarkable 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 (1955a)reported that the progeny 

of two prostrate parents were completely 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 SaZicornia (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 culti-

vation and only one collection of S. pusill4 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 Tutin 1959, Dalby. 1962). Thus, 

the intermediate forms usually lead to confusion concerning the branch-

ing 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 and 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 relation 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 29.5pm as marking the change from diploid to tetraploid, whereas 

Dalby (1962) would put it at 27.Opm. 

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 

between 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 frequently identification 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 with photographs, 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, 

[chisel 1972, Gray 1974). The tide represents the major factor in-

fluencing the vegetational zonation and succession (Chapman 1933, 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 Salicornia 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 presence of the decumbent, green, long-spiked plants 

of S. dotichostachya, 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 S. stricta, and finally on 

reaching the upper marsh the dominant form is S. ramosissirna. 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 

germination rate and the initial rate of growth of their seedlings 

establishment (Wieh 1935, Ball and Brown 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). However, 

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 iron, potassium, magnesium, 

and calcium are available in abundance throughout the year in marsh 

sediments (Adams 1963, Goldberg, 1963, Mooring et al. 1971, Tyler, 1971a. 

Ranwell, 1972). Most authors working on the nutrient aspects of the 

salt marsh 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 responsible 

for the stunted growth of Salicornia in the upper marshes. His analysis 

of nitrogen and phosphorous concentrations in large and stunted plants 

of SaZicornia dolichostachya showed consistently lower concentrations 

in the latter, which suggests deficiency restricting growth. Similarly 

populations of S. europaea agg. from the upper levels of a 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 from 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 of 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 Salicornia (Unger et al. 1969). 

Dalby (1955a)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 live on salt marshes. This aerated layer has 

a composition quite different from that of the atmosphere in that it 

contains more carbon dioxide than oxygen and its composition 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 level. 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 (197]a) 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 exceptional 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 SaZicornia 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 evolved, 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 inadequately buffered against the environ-

ment. 
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The majority of Salicornia flowers as mentioned 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 perhaps a fortnight earlier than the former (Dalby 1955a). 

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). In addition Dalby (1962) suggested that segregates 

from occasional crosses between different lines could 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". 

Linnaeus in his first edition of the "Species Plantarum" (1753) 

describes one species of Salicornia 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 perennial S. fruticosa, 

and the specific epithet of S. europaea was abandoned. 

With regard to English forms of SaZicornia 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 1828). 

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 study 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 S. pusilla, the one-flowered cyme. 

In Belgium and on the French Coast Dumortier and Duval-Jouve 

followed Wood's steps in examination and description of their native 

forms of Salicornia. 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 S. 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 species were 

S. patula, as representing the diffuse forms, and S. emerici (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. pusilla: the one-flowered 

cyme, which led him to consider a small form of Salicornia with 3- 

flowered cymes as a variety of S. pusilla (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. stricta 

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. Zignosa 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 distinct species 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. 

Apart from investigation by British workers two Scandinavians 

have examined Salicornia in North West Europe. Gram (in Raunkier 1922, 

1934) considerably revised the Danish plants. He recognised five 

species, two of them new. These five species are:- S. dolichostachya, 

S. strictissima Gram, S. europaea L., S. ramosissima Wood, and S. 

Zeaosperma 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 is of little significance, since 

an examination for seeds of this species showed that they possess a 

hairy surface. 

- Attempts have been made to correlate the chromosome number with 

the morphology. The first attempts to do so was by konig (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. disurticulata Moss (= 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 tetraploid (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 concerned with 
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the variation in branching and habit characters in Salicornia. 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), 

S. stricta, and S. dolichostachya. 

Ball and Tutin (1959) attempted to assess the value of the 

characters used in defining species of Salicornia depending on evi-

dence from both culture experiments and field observations, and tried 

to correlate 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), S. europaea L. 

(2n = 18),S. obscura P.W. Ball and Tutin, S. pusilia 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. iutescens 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. 
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CHAPTER II 

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), Ball (196015)4Baumeister and Schmidt (1962) Langlois (1967), 

have also grown Salicornia for different purposes. In general, 

Salicornia has been grown successfully in culture to maturity, either 

from seedlings transplanted from the marsh (Halket 1928 and Van Eijk 

1939), or from seeds (Dalby 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 Salicornia 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 

morphological characters, it is inevitable that attention should be 

given to ensuring uniform growth conditions. 

An automatic subirregation sand culture technique 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 

so. 

This apparatus has proved to be quite successful for growing 

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 discussed 

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 B2) 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 
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Illustration of Figure 2.1 

A = air pump compressor (power 20 pounds/square inch, supplied 

by Edward High Vacuum Ltd., Manor Royal, Crawley, Sussex). 

B1  and B2  = two glass cylinder which their necks packed with 

glass wool. 

C = adjustable escape screw clip. 

U = 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 nutrient solution reservoir. 

H = normally open solenoid valve (description similar to the 

above one). 	 - 

I = nutrient solution reservoir of 20 litres capacity. 

J = nutrient solution delivery tube from the solution reservoir 

to the culture 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 = sand filter. 

R = sand culture tank (Osma glass, supplied by Osma Plastics 

Ltd., Hayes, Middlesex. U.K.). 

S = sand surface. 

T = adjustable screw which can be used to isolate any culture 

unit from the system. 

U = the culture bed. 



Figure 2.1 
	

General sketch of the automatic subirrigation system 

which had been used for culturing Salicornia planta. 

(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. 

Via  = 1-hour subsidiary clock. 

D = normally closed solenoid valve. 

A = air pump compressor. 

V2  = 24 hour clock. 

H = normally open solenoid valve. 

54. 
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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 central dis-

tributor bottle, via a solenoid valve (H). This solenoid valve was 

normally 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 to 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, opened 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 

of 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 flexible p.v.c. tube 

(J) which reached to within one inch of the bottom of the 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. tubing, (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 ā 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 (photograph 2.1), almost in the middle of the green house, so that 

each tank received an equal amount of natural light. 



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 60cm. above ground level. The nutrient solūtion reservoirs 

(I), 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 black polythene 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 was as follows:- 

1. The system was arranged to operate twice daily with 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 24 - 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 



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 solenoid 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 any air 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 rises 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 Arnon 

(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 simply 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 (Table 2.1) 

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-

phate + 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 -2.=1 
	

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 
weight 

ml. in a litre 
of nutrient 

solution 

($•/1) 

1. KNO3 0.006 0.656 656.00 101.10 2 

2. (Ca (103)2 0.004 0.656 656.00 164.10 2 
( 	or 
(Ca (NO3)24H20 0.004 0.945 945.00 236.15 2 

3. N1141-14 PO4  0.001 0.115 115.00 115.08 2 

4. MgSO4 7 H2O 0.002 0.49 490.00 246.49 2 

5. Ferrous 
sulphate 

(0.6p.p.m.Fe) 

Fe SO4 7 H20 5.0 278.03 ) 
+ ) 	0.6 

Tartric acid 4.0 .168.10 ) 

(mg./1.) 
6. H3B03 2.86 2.860 61.84 1 

7. MnC12 4 H20 1.81 1.810 197.91 1 

8. Zn SO4 7H20 0.22 0.220 287.55 1 

9. CuSO4 	5H20 0.08 0.080 249.71 1 

10. H2M004 0.09 0.090 161.97 1 



63. 

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 again 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 pH of the solution. 

The new complete solution was prepared 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 avoid any 

effect of the sun light on the composition of the prepared complete 

culture solution. Before adding the new culture solution to the nutrient 

reservoirs 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 initially 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 nutrient solution, 

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 completely. 

While the culture tanks and the solution reservoirs were cleaned before 

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

in question under controlled environmental conditions and to see how 

these different forms behave under uniform growth conditions. This 

permits comparison of the behaviour of plants of unlike heredity in 

a uniform environment, thereby distinguishing 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 
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Table 3.1 	Shows the origin of Salicornia types cultivated 

in 1974 growth experiment. 

Salicornia type Tank_No. Origin of the parent seeds. 

I 	- 	SaZicornia dolichostachya 3A Bentlass, Pembroke river, Milford 

(parent plants collected 

from one population) 

4A 

7A 

Haven :x923032. 

u 	I, 

u 1 

12A If 	 II 

15A u 1 

II 	- 	S. dolichostachya 

(parent plants collected 10B Warham saltmarsh, Wells - next 
to the sea, - Norfolk: 	934447 

from different localities) 11B Northney, Hayling Island 
Hampshire. 	728042 

12B Warham saltmarsh, Wells - next 
to the sea, - Norfolk. 	934448 

13B - II 	 If 

14A Norton and Overy saltmarsh 
Burnham Norton, - Norfolk: TF8344 

• 
III - Salicornia auropaea 

(parent plants collected 1B Norton and Overy saltmarsh 
Brunham Norton, - Norfolk: 	II 

from one population) 2A rr 	 rr  

5B  II 	 If 

7B rr 	 rr  

11A rr 	 rr  

15B rr 	" 

IV - S. europaea 

(parent plants collected 2B Near Yacht Haven, Hayling 
Island, Hampshire: 	SU7201 

different localities) 4B Titchwell saltmarsh1  
Brancaster - Norfolk: 	TF7544 
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Table 3:1 	(Continued) 

Salicornia type Tank No. Origin of the parent seeds. 

IV - S. europaea (Cont.) 

6B Northney, Hayling Island, 
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) l0A Bentlass, Pembroke river, 
Milford Haven 	923032 

16A Titchwell saltmarsh, 
Brancaster - Norfolk: 	TF7544 
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colour and the seeds ripened. Extra caution was taken so that no 

mixing of seeds could take place. Each plant was then placed in a 

paper bag and stored in the cold room (+ 5°C) throughout the winter 

season. 

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. doZichostachya), 

but collected from different localities. A similar pattern was used 

for S. europaea. In addition, three 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 SaZicornia 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 commenced 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 first six weeks. Besides the greenhouse being 

naturally illuminated, a light bank of 30 cool white fluorescent tubes 

and eight 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 Apri1.,1974. 

The daily relative humidity and temperature (C°) of the greenhouse 

throughout the 25 weeks growth 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 seeds 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. 
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Table 3.2 
	The means and range of the maximum and 

minimum daily temperature and relative 

humidity in the greenhouse, 

Temperature (C°) Relative Humidity (%) 	. 

Mean Range Mean Range 

Maximum 

Minimum 

29.00 

13.26 

20 - 33 

10 - 16 

Maximum 

Minimum 

97.03 

43.37 

85 - 99 

' 	25 - 66 
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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 - 0.6mm - 1.8mm in length - and frequently show a tend-

ency to aggregate (Dalby. 1956), it was found necessary to pretreat 

the root tip to disperse the chromosomes. A saturated aqueus solution 

of Para dichlorobenzene (P.D.B.) was found convenient for this purpose. 

The germinated root tips (7-10 days old), were placed in a test tube 

with a few mis of saturated P.D.B. and placed in an incubator, in the 

dark, at 10°  - 14°C (Sherma and Sherma 1972) for 21-3 hours. This pre-

treatment usually gave a good separation of the chromosomes, since 

less than two hours achieved poor separation and more than 3 hours 

often caused their fragmentation. After the pre-treatment 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 then placed in 70% 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 several times 

in distilled water and placed in test tubes containing 1N Hcl at 60°C 

in a water bath for hydrolysis. A thermometer was used to observe any 

change in the temperature. Hydrolysis time was between 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 dark, until the ultimate 

tip of the root tip appeared deep purple (about 11 - 2 hours). Perm-

anent slides were then made according to Schedule 2., Feulgen staining 
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of plant tissue (Shaw 1973). 

3.2 General observation on Salicornia in culture:- 

In general 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 solution (Hoagland 

and Arnon, 1938, Table 3.3) was comparatively rich in its nitrogen 

content in relation to the requirements of Salicornia.. All the 

cultivated plants developed very rich vegetative growth, in comparison 

with those well grown plants in the field, (photograph 3.1 ). In 

addition,the plants showed a high tendency for 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. page X31  ) . 

In the 3rd - 4th weeks of cultivation almost all the plants 

grown began to form fertile segments (terminal spike). Prior to 

this the plants had received a 16 hour daylight period. However, 

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, as in some plants 3 - 4 pre-flowering attempts 

were noticed, though the majority of the plants only showed one pre-

flowering attempt, (photograph 3.2). However, this treatment did not 

produce any other morphological 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 	Shows the concentrations as milligram equivalents 
ti 

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/1. p.p.m. 

Ca ++ 8 160. 

Mg  ++ 4 48 

K + 6 234 

as NH4+  . 1 14 

N as NO3 14 196 

P as PO4 --- 3 31 

SasSO4-- 4 64 

Mn . 0.5 

Cu 0.02 

Zn 0.05 

B 0.5 

Mo 0.01 
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'hotograph 3.1 	Shows the enormous vegetative growth which attained 

by the two plants of Salicornia; S. europaea (11A) 

and S. dolichostachya (13B). 
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Photograph 3.2 	Sho's S. rcmtosissima plant, with the pre-flowering 

phenomenon as a result of 16 hours daylight period 

in the early stages of growth. 

76. 
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flowering time, but in general the plants which belonged to S. 

dolichostachya flowered earlier than those of S. europaea 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 colour, all the types grown were green 

to dark green and none 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 red colouration, but a 

few individuals developed pink spots in the perianth. All the cul-

tured plant's at the end of their flowering stage became yellowish-

green or pale-green. 

It 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 

branch 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 it. 
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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 mean, + 2 standard deviations and the 

variance were calculated, in the appendix (Tables A.3.1 - A.3.5.). 

Also the significance level for each of the selected vegetative characters 

between the means of selected plant groups 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 prob- 

ability of 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 Salicornia dolichos tachya 



and S. europaea types, and employed individuals which originally 

belonged to one population, as well as individuals whose parents 
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were collected from different localities. The similarity index 

was calculated as follows:- 

% similarity = 	number of significantly similar means x 100 

 

number of significantly similar means + 
number of significantly different means 

From the significance triangle (Figure 3. 1) and the similarity 

index (Table 3.4), it can be noticed that almost all the vegetative 

characters of both plant types of Salicornia (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. 

doZichostachya types. In general, the vegetative characters showed 

higher similarity between individuals of S. dolichostachya than bet-

ween individuals of S. europaea, such variation can also be noticed from 

figures 3.2-3.12, and photographs 3.3-3.5. 

An attempt was made to relate the vegetative characters of the 

25 cultivated types of Salicornia 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- 3.12the 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 length showed overlapping 

between the diploid and the tetraploid forms of SaZicornia. 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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Figure 3.11 / Shows the level of significance for the vegetative 

characters measured, between the cultured SaZicornia 

groups. 

I:±l Significantly similar The values of both 'F' and 't' test are not 

significant, or if they possessed a prob~ 

ability greater than 0.05. 

[] Significantly different = The value of one or both 'F' and 't' test 

show a probability of less than 0.05. 
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Figure 3.1: (Continued) 
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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 

Vegetative characters 

S. dolichostachya 
(plants from one 

population) 

S. doZichostachya 
(plants from different 

localities) 

S. europaea 
(plants from one 

population) 

S. europaea 
(plants from 
different localities) 

1. Shoot length 70.0 60.0 33.33 0.0 

2. Total number of primary branches 
from the main axis. 

83.33 100.0 40.00 14.0 

3. Number of sterile segments in 
the main axis. 

66.67 70.0 40.0 20.0 

4. Terminal spike length 100.0 80.0 20.0 40.0 

5. Number of fertile segments in the 
terminal spike 

60.0 80.0 33.33 53.0 

6. Length of the lowermost branch 
from the main axis. 

90.0 70.0 53.33 40.0 

7. Angle of the uppermost branch with 
the main axis. 

100.0 20.0 40.0 20.0 

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

90.0 90.0 40.0 90.0 

9. Length of the sterile segment 
below the terminal spike. 

$0.0 70.0 53.33 _ 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 

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 the 

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 chromoso-me number 

(2 x = diploid, 4 x = tetraploid), with +'2 standard 

deviation as an estimate of the range. The 25 cultured 

types of Salicornia were grouped as follows:- 

O Salicornia doZichostachy (Parent plants from one population). 

• D. dolichostachya (Parent plants from different localities). 

S. europaea (Parent plants from one population). 

S. europaea (Parent plants from different localities). 

A S. ramosissima (Parent plants from different localities). 
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Photograph 3.3 	9tows four plants of Salicornia europaea whose parents 

were collected from one population. Also notice the 

phenomenon of producing lateral terminal spikes, may 

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

happened in S. europaea types. 
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Photograph 3.4 : Shows four types of Salicornia doZichostachya group 

whose parents were collected from different localities. 
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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 S. doZichostachya. 

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-

piece micrometer. For each of the cultivated Salicornia. types 50 

anthers were measured, 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 the pollen grains. The 

stomata were measured in the epidermal layer, which was stripped 

off the sterile segment below the terminal spike from the already 

fixed mature plants (fixative used was 50% ethanol). The stomatal 

length and the pollen grain diameter were both measured 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 characters are presented in pm, and their mean values with 

the + standard error of the mean were plotted for the 25 Salicornia 

types in Figure 3.13 

From these figures it can be seen that the anther length and the 

pollen grain diameter are larger in the tetraploid forms than in the 

diploid ones. The cultured plant types can be placed in two groups on 

the basis of anther length 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 sizeti(Page 103)• 

On the other hand, the stomatal length did not show positive 
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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 ani Page 97). The mean values of each ratio 

(presented as an index) are plotted for the 25 cultured SaZicornia 

types in figures 3.15 - 3.19. 

From the figures the ratios B and C+D show the strongest correlation 

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

tachya types showed higher values than those for S. europaea and S. 

ramosissima types. However, an overlap between the diploid and tetra-

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

C, 
 D, D

, 
Ei-F and A+B   also showed a positive correlation with the 

ploidy levels of the plant, but not as strongly as the ratios 2BD  and 

D  B' Figures also show that the diploid ratios, in general, have more 

variation than those of the tetraploid ratios. 

On the other hand with the ratios G,' 
D  
7,  E+D

+D-F 	E-F F 	
and E almost 

no positive relationship was observed with the ploidy level, though 

in the ratio Ē- 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 2BD and 

B 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 2BD  keeps the members of 
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Fertile segment ratios calculated in the present study. 

1. The minimum width of the segment/maximum width of the segment: C  B 

2. Length of the segment/maximum width of the segment: BD 

3. Observed length of the lateral flower/Observed length of the 
central flower: G 

F 
4. Total length of the central flower/Length of the segment: 

5. Observed length of the lateral flower/Length of the segment: D 
6. Observed length of the central flower/Length of the segment: D 
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: 	D-F 

E+D-F 

8. 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 

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

2B 

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 

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

E-F 
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4th 
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Figure 3..14 
	

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 length. 

3.4 General conclusion:- 

The present comparative study reveals that the different Sal-

icornia 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 particularly so in those which 

belonged to S. europaea, 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. 

dolichostachya are more similar than those of S. europaea in terms 

of the measured vegetative characters. Such phenomena can be inter-

preted, in part, in that such morphological variation could have 

existed between the parent plant populations due to genetic differ-

entiation. Such genetic differentiation could have been caused 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 similarity in their morphological characters than members of S. 

europaea. It is known that S. dolichostachya usually occupies the 

lower marsh where conditions are considered to be less variable than 

those of the upper marsh, where S. europaea can usually be found. 

However, 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 investigation 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, pollen grain dimension and the stomata length), the anther 

length showed the strongest correlation with the chromosome number, 

whilst the pollen size, though positively correlated, did not give 

as clear a separation as the anther length did. In this study the 

stomatal length did not show any correlation with the chromosome 

number. While from the calculated fertile segment ratios, only 

the ratios 
II 

and 282  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 Lemnaceae and Alston and 

Turner (1963) on Baptisia. Particularly valuable are the phenolic. 

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 phenolics (Alston and Turner. 1963). This may indicate that 

they are subjected to little selective pressure and for this reason 

are less affected by environmental conditions than are active. Sub-

stances such as sugars or amino acids (Erdtman 1958). Brelpm and Alston 

(1964) in their studies on Baptisia sound phenolic compounds to be 

more reliable indicators of species relationships than alkaloids 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 Salicornia 

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 expected 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 conditions. The 

plants were chosen to represent a range of types of SaZicornia, as 

well as a selection of different localities (Table 4.1). In addition, 

some of the parental plants of these plants (grown in the greenhouse) 

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 

(Riberea-Gayon 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 mortar 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;R-  Butanol, acetic acid-water, 6:1:2 V/V , one phase, 

(Nordstrom and Swain 1953). 

3. PhoH; phenol saturated with water. 

4. 5% acetic acid in water. 

5. H2O - distilled water. 

6. 10% acetic acid in chloroform. 

7. 45% ethylacetate in benzene. 

8. Benzen=e- 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 
identification using T.G. 
Tutin et al, Flora Europaea, 
Vol. 	1, 	1964. 

Tank 
number 

Site of origin and material, and 
grid reference. 

I - Salicornia europaea 
(parent plants collected 
from one population) 

• 
Salicornia 3 1B Salt marsh around Ovary-Norfolk: 

" 2A " 	865451. 

' 	It 
 7B '1 

" 11A 

n  15B " 

II - Salicornia europaea 
(parent plant collected 
from different localities) 

Salicornia europaea 2B Near yacht haven-Hayling Island:SU7201 

" 	 " 3B Titchwell salt marsh-Norfolk 755442 
n 	n 4B It 

n 	 n 5A  n 

n 	n  6B Northney, Hayling Island-728041 

n 	n  8A Warham Saltmarsh-Norfolk-944443 

" 	 " 8B Titchwell Saltmarsh-Norfolk-755442 
n 	n 9A  II 

11 	
" 9B Neat yacht haven-Hayling Island-SU7201 

Salicornia europaea 

(ramosissima type) 10A Pembroke - 923032 

Salicornia europaea 13A Titchwell Saltmarsh-Norfolk-755442 

" 	" 14B " 

. Salicornia europaea 
• 

(ramosissima type) 16B Pembroke - 923032 

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

Salicornia 
dolichostachya 3A Pembroke - 923032 

" 4A " 

n 7A  It 

I1 12A It 
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Table 4.1 	(Continued) 

Plant reference and species 
identification using T.G. 
Tutin et al, Flora Europaea, 
Vol. 	1, 1964. 

Tank 
number 

Site of origin and material, and 
grid reference. 

Salicornia 
dolichostachya 15A Pembroke - 923032 

IV - SaZicornia procumbens 
(parent plants collected 
from different sites) 

SaZicornia procumbens lOB Warham Saltmarsh, Norfolk-943447 

" 11B Northney, Hayling Island - 728042 

" 	it 12B Warham Saltmarsh-Norfolk-934448 

" 	" 14A Salt marsh around Overy-Norfolk 
-865456 

Salicornia nitens 17 Near yacht haven-Hayling Island 
-SU 7201 

V 	Salicornia pusilla lA Pembroke - 923032 
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9. 15% acetic acid in water. 

4.3.1 One-dimensional rchromato:ra.hic technisues:- 

The methods of Bate Smith (1962) and Harborne (1973b)were adopted 

in this analysis. About 7m1 of 2N Hydrochloric 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 centrifugation, and its colour was 

observed. The clear extract was transferred to a small narrow test-

tube (capacity 3m1), 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 residue was then dissolved in 1-2 droplets of 

ethanol (95%), 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 H20. The aliquot was applied in the form of spots using 

a Hamilton syringe, and after each application a current of cold air 

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

between each spot. In all instances the chromatograms were developed 

in the dark room at a constant temperature of 25 + °C. 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 (100°C) to remove any traces of ethylacetate and re-extracted 	. 

with a small volume of iso-amylalcohol. This was shaken vigorously and a 



separate layer allowed to form. The alcohol layer was then removed 

with a Hamilton syringe and applied to the chromatographic paper. 

The chromatograms 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. 

4.3.2.1.Chromatography of the phenolic glycosides:- 

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%) 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 

as the second solvent. A portion of the concentrated extract was also 

spotted on thin layer plates of cellulose MN 300 (20 x 20 cm.) supplied 

by polygram, Macherey - Negel + Co. Germany), and run two - dimensionally 

in BAW and 5% HOAC. 

4.3.2.2. Chromatography of simple phenols and phenolic acids:- 

The method of Harborne (1973b)was used for extraction. Portions 

of the previous concentrated 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 45% ethylacetate in Benzene 

as the second solvent to detect simple phenols. The other 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 hydrolysates:- 

The results of the chromatographic analysis of the direct acid 

hydrolysates, developed in the solvent; Forstal, BAW, PhoH, and H2O of 

the studied individuals of SaZicornia, are presented in Table 4.2,  in 

the form of presence/absence data (+/-). The RF values and the appear- 
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Table 4.2 
	

Results of one-dimensional chromatograms of the 

direct acid hydrolysates extract in the four 

solvents. 

Solvents/ 
ots number 

Forstal BAW PhoH Hp 

Plant referenc 
and 1 2 3 1 2 3 4 1 2 3 4 1 2 3. 4 

Plant groups 

lA - SaZicornia pusilla + + + + + + + + + + + .+ + + + 

16A - S..ramosissima + + + + + + + + + - + + + - + 

10A 	S. ramosissima + + + + + + + + + + + + + + .+ 

2B 	S. europaea + + + + + + + + + - + + + + + 

6B 	" + + + - + + + + + - + + - + + 

8A + + + + + + + + + - + + + + + 

16B 	11 + + + + + + + + + - + + + + + 

5A 	" + + + + + + + + + + + + + + + 

8B 	" + + + - + + + + + - + + + - + 

9A 	" + + + + + + + + + - + + + + + 

13A 	" + + + + + + + + + - + + + + + 

1B 	" + + + + + + + + + - + + + + + 

2A 	" + + + + + + + + + - + + + + + 

5B 	" + + + + + + + + + + + + + + + 

7B 	" + + + + + + + + + + + + + + + 

11A 	" + + + + + + + + + - + + + - + 

15B 	It + + + + + + + + + + + + + + + 

3B 	u + + + + + + + + + - + + + - + 

14B 	" + + + + + + + + + - + + + + + 

4B 	u + + + - + + + + + - + + + -' + 

3A 	S. prooambens + + + - + + + + + + + + + + + 

4A 	" + + + - + + + + + + + + + + + 

7A 	" + + + - + + + + + + + + + + + 

12A 	" + + + + + + + + + - + + + + + 

15A 	" + + + - + + + + + - + + + - + 

10B 	" + + + - + + + + + + + + + + + 

11B 	" + + + +. + + + + + - + + - + + 

12B 	" + + + + + + + + + - + + + - + 

14A 	" + + + + + + + + + - + + + + + 
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Figure 4.1 	Patterns of one - dimensional chromatograms from different 

types of Sclicornia in Forstal and in SAW (Butanal-acetic 

acid - water). 
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Figure 4.2 
	

Patterns of one - dimensional chromatograms from different 

types of Salicornia in PhoH (Water - saturated phenol) and 

in water. 



• 

Table 4.3 Shows the RF  values and the appearence of the spots on one-dimensional chromatograms of 

the direct acid hydrolysates. 

Solvents 

Spot 
number 

Forstal 	BAW 	 PhoH 	 H2O  

RF  U.V. 
U.V. 
+ 
NH3 

Visible 
light 

RF U.V. 
U.V. 
+ 
NH3 

Visible 
light 

RF U.V. 
U.V. 
+ 
NH3 

Visible 
light 

RF U.V. 
U.V. 
+ 
NH3 

Visible 
light 

1 0.70 blue yellow- 
ish

not 

green  
fluore- 
scent 

clue 

visible 

" 

0.70 

0.78 

blue 

blue 

blue 

yellow- 
ish 
green 

not 	;0.58 
visible 

0.83 

blue 

blue 

fluore- 
scent 
blue 

blue 

not 
visible 

" 

0.36 

0.46 

blue 

blue 

fluore- 
scent 
blue  
yellow- 
ish 
grccn 

not 
visible 

II  
2 0.81 blue 

3 0.87 
reddish 
brown 

reddish 
brown brown 0.83 blue 

fluore- 
scent 
blue 

" b.88 blue 
yellow-
ish 
green 

" 0.68 blue blue " 

4 - - - - 0.90 
reddish 
brown 

reddish 
brown brown 0.93 

reddish 
brown 

reddish 
brown brown 10.82 blue 

pale 
yellow " 

Rutin J.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 

these 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 number 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 

H20,  the acid hydrolysates showed a good separation (Figure4.2.). Four 

spots were also seen in most of the groups of Salicornia, 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 SaZicornia 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 alcohol extract of the remaining 

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 brown spots 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 

Forstal solvent they did not develop as well as in BAW solvent. This 

result may suggest that the remaining brown colour of the direct acid 

hydrolysate, after the extraction by ethylacetate, is mainly due to 

the presence of betacyanin pigment (Harborne 1973b). It may also suggest 

that either the annual forms of Salicornia do not contain C - glycosides 

or Glycosylf1avones, or the time used for their further hydrolysis 

(li 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 chromatography for 

the phenolic glycosides in the solvents, BAW and 5% HOAC on paper are 

presented in the form of presence/absence data (Table 4.4). The RF  

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 had been used as precautionary measures to 

minimise artefacts and spurious variations. Then on the basis of colour 
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~ o~r I ilar.l.lii1.i1Jl~Zii;2:{~· + NH3/spots 

ill~ number 

1 o~ 3 : ~ : 

Plant 
reference and 
plant groups 

lA - Saliaornia pusilla + + - - - - + + - + + + + - - - + + + - - - + + + - + - ...; ... 
16A S • ramosissima \ - + + - - -- - + + + - - - - - - - - - - - - - .- + - - - - -
lOA - S. ramosissima I 

+ - - - - - + + + + - + + + - - - - - - - - + + - - + - -
2B - S. europaea + + - + + - + + + + + + + + + - - + + + - + - + + - + - + 
6B - S. europaea I + - - - - - + + +' + - - + + - - - - - - - - - + - - - - -
SA - S. europaea + + - - - - + + + + - - - - - - - - - - + - + + - - - - -

16B - S. europaea + + - - - - + + + + + - + + + - - - - - - - + + - - + - -
SA - S. europaea of· + - - + - + + + + - + + + + - - - - - + - - + + - - - -
BB - S. europaca + + - - + - + + + + - - + + + - - - - - - + + + - + + - -
9A - S. europaea + + - - + - + + + + - + + + - - - - - - - - + + - - + - -

13A - S. europaea + - - + - - + + + + - - + + + + - - - - + - + + - + - + + 
IB - S. europaea + + - - + + + + + + + + - + - + - - - - - + - + - - - - -
2A - S. europaea + + - - + + + + + + + + + - + + - - - - - + - + - - + - + 
7B - S. europaea + + - - - - + + + + - - + + - - - - - - - - - + - - - .- -

llA - s. europaea + + - - of· - + + + + - + + + - - - - - - + - + + - - - - -
15B - s. europaea + + - + - - + + + + - - + ... + + - - - ... - - - ... - - - - + 

3B - '5. europaea + + - - + - +' + + + - + - + + + + + + + - + - +' + - + - + 
11,3 - .. Cl. europaea + + - + - - + + + + . - + + + + - - - + - + + + - + - - -

48 - S. europaea + + + + + - + + + + - + - + + - + - + - + - + + - - "P' + -
3A - S. procumbens + + + + + - + + + + of· + + + - - + - - - - - + + + - + + -
4A - S. procwnbims + + + of· + + + + + + + "!" - - - - + - - + + - - + - + - - -
7A - S. procwnbens + + ~ + - + + + + + + + + + - - - - - + + - + + - + + - + 

12A - S. procumbens + + ff· + - - + + + + - - - - + - - - - + + - - + - + - - -
lSA - S. procwnbens + + :... + - + +' + + + - + + - + + - - - + + - + + + + + - + 

lOB - s. procwnbens + + f+ + + + + + + + - + + + - - - - - + + - + + - + + - -
liB - S. procwnbens + + ft + - + + + + + - + + + - - - - - + + - + + + + + - -
128 - s. procumbens ~ + - ft· + - + + + + + - + + + - - - - - + + - + + - + + + -
14A - S • procwnbens + + It + - + + + + + - + + + + - - - - + - - + + + + + - -
17 - S. procwnbens r + + + - + + + + + - + + - + + - - - - + - - + + + - - - + 

(nitenDJ 

l 
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Key to the abbreviation of the spots appearance on the two-dimensional  

chromatograms for the phenolic glycosides:- 

Bl.: Blue 

Bl/YG: Mostly blue, sometimes yellowish green 

Br.: Brown 

D.O.Y.: Dark orange yellow 

F.YG.: Fluorescent yellowish-green 

O.Y.: Orange yellow 

R.Br.: Reddish brown 

Y.: Yellow 

YG0 :Yellowish green 

YG/B1: Mostly yellowish green,sometimes blue 



Table 4.5 
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Shows the RF  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 
number 

RF  Values 
in 

BAW 

RF  Values 
in 

5% HOAC 

Spot appearance*  

in 
U.V. +NH3 

. in 
U.V. 

in 
Visible 	light 

1 0.54 0.20 0.Y Br. not visible 
2 0.67 0.15. F.YG Bl. If 

3 0.49 0.25 0.Y. Br. It 

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 B1. tt 
8 0.61 0.76 F.YG B1. tt 
9 0.79 0.33 Bl. Bl. " 
10 0.78 0.52 Bi. Bi. " 
11 0.39 0.57 B1. B1. " 
12 0.39 0.67 B1. Bl. It 

13 0.54 0.59 F.YG Bl. It 

14 0.54 0.79 YG/B1 B1. " 
15 0.81 0.65 B1. Bl. " 
16 0.86 0.30 Bl. B1. 11 
17 0.64 0.28 F.YG. Bl. " 
18 0.66 0.39 F.YG. B1. It 

19 0.62 0.50 YG B1. tt 
20 0.24 0.61 0.Y. Br. Ti 

21 0.15 0.75 0.Y. Br. It 

22 0.80 0.73 B1. Bl. " 
23 0.67 0.05 F.YG B1. " 
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 Bi. " 
28 0.32 0.83 B1. Bl. • " 
29 0.29 0.51 D.O.Y. Br. It 

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 to identify the compounds, 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 the same parent. A total of 29 spots 

were observed from the studied groups of Salicornia and d master chrom-

atogram ,_.was drawn to show the position and the common shape of the 

detected spots (Figure 4.3). In addition, different chromatograms 

were drawn 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 a 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 extrct. 

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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Figure 4.3 	Master chromatogram of the phenolic glycosides spots 

detected from the 29 types of Salicornia. 
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(yellow in ultraviolet with ammonia), seem to correspond with some 

groups of the studied Salicornia. For example, most, if hot all of 

the chromatograms of the S. procumbens individuals 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-yellow 

spots which their chromatograms have shown. The majority of the S. 

europaea group studied (groups belong to tank numbers 1B, 2A, 6B, 7B, 

8A, 9A, and 16B) contains only the common spot of orange yellow (spot 

number 1), and do not show any of the extra orange-yellow spots (Table 

4.4 ). Other members of Salicornia europaea (tank numbers 2B, 4B, 

13A, 13B, and 15A) show sporadic number of the orange-yellow 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 variation in their appearance, though spot numbers 12 (blue 

in U.V. with ammonia), 13, 14 (fluorescent yellowish-green in U.V. with 

ammonia) and 15 (blue in U.V. with ammonia) are frequently detected. 

However, apart from the chromatographic pattern of S. pusilla, it is 

noticeable that the total number of the fluorescent yellowish-green 

and the blue spots are 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 S. pusilla. It 
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has a relatively distinct chromatographic pattern in having only one 

orange yellow spot (spot number 1), whilst in addition, it consist-

ently shows the presence of large spots of fluorescent yellowish-green, 

in particular spot numbers 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 analysed individuals, and these char-

acteristics made the chromatogram pattern of S. pusilla quite dis-

tinguishable from the other chromatograms (Figure 4.4). It is in-

teresting that S. pusilla is the only species which is also morpholog 

ically distinct from the other annual forms of Salicornia. Though in 

this study no attempt was made to identify the spots, it seems the 

spot number 23 (RF  0.05 in 5% HOAC,fluorescent yellowish-green in U.V. 

with ammonia) is an uncommon derivative of ferulic acid (T. Swain, 

personal communication). 

4.4.3. Phenolic acids and simple phenols in selected individuals of  

Salicornia:- 

Selected individuals belonging to the Salicornia pusilla, S. 

europaea and S. procumbens groups were analysed for their phenolic 

acids and simple phenols. The results of the two - dimensional chrom-

atograms for phenolic acids on cellulose MN300 plates and simple phenols 

on silica gel plates are presented in the form of presence/absence 

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 RF  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 	Shows the presence/absence for the Hydroxy-cinnamic acids 

and Hydroxycoumarins for the analysed individuals o 

Salicornia on cellulose MN300 plates. 

Spots number 

Plant reference 
and plant groups 1 2 3 4 5 6 7 8 9 10 11 12 13 

1A-Salicornia pusilla + + + + + + + + + + + - - 

1B-S.  europeae + + . 	+ + + + + + + + - - + 

2B-S. europeae + - + + + + + + + + + - + 

8A-S. europaea + + + + + 	. + + + + + + - - 

9B-S. europaea + - + + + + + + + + + - + 

16B-S . europaea + + + + - - + - - - - - -  
8B-S. europaea + - + + + + + + + + + + + 

3A-S . procumbens + - + + + - + - - - + - - 

11B-S. procumbens + + + + + + + + + + + + + 
12A-S. procumbens + - + + + + + + + + + - + 

15A-S. procumbens - - + + + + + + + + + + • + 

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

the analysed individuals of Salicornia on silica gel plates. 

Spots number 

Plant referenc 
and plant groups 1 2 3 4 5 6 7 8 9 10 11 12 13 

1A-Salicornia pusilla + - + + + + - + + + + + - 

1B-S. europaea + + + + + - - + + + + + + 

2B-S. europaea + + + + + + - + + + + + + 

8A-S. europaea + + + . + + + - + + + + + - 

9B-S. europaea + + + + + + - + + + + - - 

16B-S. europaea + + + + + + - + + + + + + 

8B-S. europaea + + + + + + + + + + + + + 

3A-S. procumbens + + + + + + - + + + + + - 

11B-S. procumbens + + + + + + + + + + + + + 

12A-S. procumbens + + + + + + + + + + + + - 

15A-S. procumbens + + + + + + + + + + + + + 
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Table 4.8 	Shows the RF values for the detected spots of the 

Hydroxycinnamic acids and Hydroxycoumarins on cellulose 

MN300 plates. 

Solvents 

Spots 
number 

1 
benzene-acetic acid 
-water (6:7:3) 

2 
15% HOAC 

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 R. values for the detected spots of simple 

phenols on silica gel plates. 

Solvents 

Spots 
number 

1 
10% acetic acid in 

chloroform 

2 
45% ethyl acetate 

in benzene 

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 



130. 

1.0 
M'" 
h 

0.9 

~ 
~ 

~ 
Ill: 

G 
1&1 

~ o.a 
~ 
I 

0.7 0 , u 
~ 

u 0.6 

t= 
1&1 

~ 
u 0·5 
~ 
I 

1&1 
z 0.4 "" N 

~ 
Z 
W 
01 0-3 

Ba 
~ 
~ 

Cl: 0.2 

l

ST[2 YG)@(V 
~ .. 0_1 0.2 0.3 0.4 0.5 0.6 "0.7 0.8 0.9 1.0 

RF IN 15 0 / 0 ACETic ACID IN WATER 

2nd 

Figure 4.-5'" Master chromatogram of the phenolic acids (Hydroxycinnamic 

and Hydroxycoumarins) spots detected from selected types 

of Salidornia.on cellulose MN3GO plates. 

0) 
cifi) 

CV 
0 

~ 
....!! 0-4 
o 
o 
r-

QV ... 
Ill: 0_2 

.1) 
1 STcse 1 

" " :D" 
r=~~--~--~--~--r---r---r---r-~ 

0_1 0.2 0.3 0.4 0-5 0.6 0.7 o-a 0.9 1.0 

RF IN 45 0/
0 

ETHYL ACETAT IN BENZENE 

1nd 

FigurE> 4. ~ . Ifaster chromatogram of simple phenols spots detected 

from selected types of Salicornia,onsiiica gel plates. 



131. 

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 total of 13 spots of simple phenols were observed on 

silica gel plates from the individuals studied (Figure 4.7). The 

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 of the 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 the visible 

light) showed a quantitative variation among the groups of SaZicornia 

studied. Most of Salicornia procumbens individuals produce more 

intense and larger spots (in particular spot number 2) than those of 

the S. europaea group while in SaZicornia pusilia all the analysed 

individuals show that spot number 2 is completely missing and spot 

number 1 has been reduced very considerably in size (Photographs 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 phosphorus deficiency on  

the chromatographic pattern of the phenolic glycosides:- 

An attempt was made to determine whether the chromatographic pattern 

of Salicornia spp. could be affected by nutrient deficiency. Tale 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 
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'Photograph 4.1 	Shows the chromatographic pattern of simple phenols 

for plant belonging to Salicornia pusilla, on silica 

gel plate. 

Bhotograph 4.2 	Shows the chromatographic pattern of simple phenols 

for plant belonging to S. europaea group, on silica 

gel plate. 



Photograph 4.3 	Shows the chromatographic pattern of simple phenols 

for plant belonging to S. europaea group, on silica 

gel plate. 

o•t 

1 

la 
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 glycosides) of SaZ~cornia nitens under 

the different levels of nitrogen and phosphorus,treatments. 

* I ~ I ~/~/~/5151 J~/~/~·lfI1i/ ~ f 4~1 jll~·-l?J f/~·/$/ fi/ Spots colour 
in 

U. v .. + NH3 

Nutrien~(f / 
1eve 1s , . . .' -. _ . 1 2/3/4/;)6 / 7/ 8 / 9 / 10/ 1J12 / 13 /14 /.1) 1/1/ 18/19 / 2J 2) 2) 2)2) 25/26 727 /2J29 I 

tion. .11 

.u ~p.p.m. + + + + - + + + f + - - + + - :- - - - + - - + + - - - - + = = ~~ 15p .• p.m. + + + + - + .+ + + + - - + + - - - - - + - - + + + - - - + o.u 
).I C'j 
,u.C1J 45p.p.m. + + + + - + + + + + - - + + - - - - - + - - + + + - - - + ..... ).I /' 
Z ,u. 

13Sp.p.m. + + + + - + + + + + - - + + - - - - -, + - - + + + - - - + 
'. 

2p.p.m. + + + + - + + + + + - - + + - - - + + + - - + + + - -" - + 
en.u 4p.p.m. + + + + ... - + + + + + - - + + - - - - - + - - + + ... - - - + 
=' = ).I C1J 
o ·s· 8p.p.m. + + + + - + + + + + - - + + - - - - - + - - + + + - - - + ,..c,u : 
Q.ctI . en Cl,) 16p.p.m. + + + + - + + + + + - + + + - - - - - + - - + + + - - - + o ).I 
.d+J n I 

* See p~ge 121. 
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belonging to Salicornia nitens (all the individuals are the progeny 

of one parent plant) which were 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 

numbers 12, 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 pollen grain diameter and 

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

and also the fertile segment ratios, 
2B 

 and B, 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 

pattern 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 seeds 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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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 numbers 3 and 4 (orange-yellow 

in U.V. with ammonia), 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 forms 

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 

the 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 gradation in the number of the observed spots in the diploid 

forms of Salicornia, which could be a result of genetic isolation, 

followed by accumulation of compounds due 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 

when one considers that the analysed material was selected to include 

different types of Salicornia, similar individuals fromone population, 

and individuals of similar phenotypes 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 beyond the 

scope of the present investigation. 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 compounds, 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 spots) was found to be related to 

some extent with Salicornia 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 species A and B 	
X 100 

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 Salicornia share a similarity index of 45-65 

Total spots in A + B 
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Figure 4.7 Shows the similarity matrix shaded for the 29 types 

of SaLicornia analysed (Bas~d on their similarity 

indices values). * See Table,4.~, page)i08~ 

I 
I 
I 
I 

~ 10·/ ~ 0 • 

" . 



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 

level than those of Salicornia europaea, particularly between the members 

which belong to different populations. However, from the similarity 

matrix presented it is difficult to assess 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 Salicornia were ordinated utilising principal components 

analysis which is thought to be more convenient to deal with such 

closely related taxa. The principal components analysis adopted in 

this study is based on that discussed by Orloci (1966) and Austein 

and Orloci (1966), which is normally applied to ecological problems, 

but in the present analysis a plant number (taxa) replaces the quadrats. 

Each plant number may be represented by a point in multidimensional 

space, the co-ordinates for fixing its 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 principal components, analysis picks out successive com-

ponents or axes from the 'cloud', the first being the axis associated 

with the maximum variance. 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 primarily into two main groups. How-

ever this separation seems a kind of gradual separation in which an 

overlapping between some groups is expected. It appears that the plant 

numbers 1 - 19, which are distributed between the points zero - 1.6 on 

axis 1 belong to Salicornia europaea (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 cluster the plant 

groups according to their similarity (i.e. how far the plant 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. In addition, plant numbers 19 (tetraploid) and 11 share 

in common some of the orange-yellow spots found in the S. procumbens 

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 Salicornia 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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Figure 4.8 Diagram shows the scatter plots of the 29 types of 

Salzcornia analysed by Principal Component Analysis 

(Based on their phenolic glycosides). The•continuous 

line encloses the same named species. 
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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. doZichostachya 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 europaea (including S. ramosissima) 

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

The results of the two — dimensional chromatography of the phenolic 

acids and simple phenols can be considered of little taxonomic value 

in discriminating between the different groups of Salicornia. However, 

the quantitative variation in the spot numbers 1 and 2 of the simple 

phenol, i.e. 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.   
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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. 

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 Steenis 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 superficial 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 outlined earlier in this thesis, the phenotypic plasticity in 

Salicornia has an important role in the taxonomic difficulties exper-

ienced in the genus. Thus one of the primary objectives of the present 

investigation is to search for the 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 needs, 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 Salicōrnia. 



5.2.1. Experimental procedures:- 

In the present experiment seeds of one plant of Salicornicz 

ramosissima type were grown in three 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 year, 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 parts, 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. After 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 complete 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), 

which 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 ammonium dihydrogen orthophosphate (NH4  H2  PO4) was replaced 

with calcium tetrahydrogen orthophosphate Ca H4  (PO4)2  H2o, These 

adjustments were calculated as follows:- 

147. 
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Table 5.1' 
	

Shows the macroelements and their concentrations, 

which were used in the preparation of nutrient 

solutions lacking nitrogen. 

Salt Molar g.1L. cc/one 
L. of solution 

K2 
 SO4  0.5 0.44 5 

Ca H4 (PO4)2 H2O 0.05 0.13 10 

CaSO4  0.01 0.27 200 

MgSO4  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 (C°) Relative Humidity (Z) 

Mean Range Mean Range 

Maximum 

Minimum 

29.5 

13.5 

27 - 30 

11 - 19 

Maximum 

Minimum 

83.4 

52.65 

73 - 90 

46 - 59 



Atomic weight of the ion;  
	  x weight > x 1000 = The substance. 

molcular weight of the 	(g.1L) 	concentration of 
substance. 	 the ion in p.p.m. 

Macro-elements in the phosphorus - deficient solution were the 

same as in the complete solution without ammonium dihydrogen ortho-

phosphate NH4 H2  PO4. 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. These values were read on an Electronic Inst-

rument Ltd. PH Meter Model 7060. For all the treatments the sodium 

chloride concentration was 1.5%, 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. 

The 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 expressed in terms of the 

morphological characters, the growth habit and the flowering time. 

The following morphological characters were assessed quantitatively:- 

1. The vegetative characters:- 

1. Shoot length. 

149. 



150. 

2. Root length. 

3. Total number of terminal spikes/plant. 

4. Total number of primary branches from the main axis. 

5. Number of sterile segments in the main axis. 

6. Terminal spike length. 

7. Number of fertile segments in the terminal spike. 

8. Length of the lowermost branch from the main axis. 

9. Length of the uppermost branch from the main axis. 

II. The fertile segment cbaracters:- 

(Using three fertile segments in the middle of the terminal 

spike, see Figure 3.14. 

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

2. Maximum width of the fourth fertile segment (B). 

3. Minimum width of the third fertile segment (C). 

4. Observed length of the segment (D). 

5. Observed length of the central flower (F). 

6. Total length of the central flower (E). 

7. Observed length of the side flower (G). 

8. The distance between the apex of the central flower and 

the upper margin of the segment (D-F). 

9. 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 three treatments are presented in 

the form of a minimum, a maximum, means, a standard deviation (S.D.), - 

2 standard deviation (-2S), + 2 standard deviation (+2S), 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 intensity 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 addition, 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 immersion, particularly 

during spring tides, whilst the upper marsh plants may be shaded by the 

taller plants, such as Suaeda,HāZimione Aell.-and Spartina Schreb. 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 intensity 

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 (S. ramosissima) were used. This facilitated the use of the 

same morphological characters of the plants grown in the complete 

nutrient solution, under normal greenhouse illumination, as a control 

to compare with the results of this treatment. In this 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 partition 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 14hr. light was used (6.00 — 20.00hrs.). To 

avoid the extra heat, which would be produced by the mercury 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 greenhouse. 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 

solution (Hoagland and Arnon 1938). All the other growth conditions 

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 without nitrogen. It shows that lack 

of nitrogen had a very significant effect on all of these characters. 

Generally the shoot system had been reduced to a high degree, whilst 

the adventitious root system had been 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, fertile 

segments which sometimes developed on one side of the main axis. 

Terminal spike length was also reduced from 3.07 cm. in full nitrogen 

to 0.59 cm. in the nitrogen deficient solution, with two or one, and 

occasionally 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 been reduced to less than 1/3  

of those grown with a full nitrogen dosage. In addition, 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 
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Table 5.3_ 	Vegetative characters for Salicornia ramosissima 

type grown in a complete nutrient solution. These 

figures are based on the mean values of the six 

replicates . 

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 
terminal spike. 

8.36 13.00 12.27 + 1.25 

6-Total number of primary branches from 
the main axis. 

23.54 29.08 23.79 +.2.69 

7-Number of sterile segments in the 
main axis. 

12.62 16.30 11.92 + 1.27 

8-Length of the lowermost branch from the 
main axis. 

6.72 8.62 6.69 + 0.79 

9-Length of the uppermost branch from 
the main axis. 

2.29 2.90 3.02 + 0.09 

Table 5.4 Fertile segment c:ompōnents 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 1.57 +.0.11 

F 1.53 + 0.10 

G 0.97 + 0.12 
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Vegetative characters for Sctlicornia ramosissima 

type grown in a nutrient solution lacking nitrogen (-N). 

These figures are based on the mean values of the six 

replicates . 

The vegetative morphological characters 

, 

Min. Max. Mean. S.D. 

1-Shoot length 1.41 3.90 2.84 + 1.15 

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 segments in the 
terminal spike. 

1.11 3.77 2.25 + 0.99 

6-Total number of primary branches from 
the main axis. 

0.54 0.92 0.37 + 0.43 

7-Number of sterile segments in the 
main axis. 

4.89 9.39 7.50 + 2.09 

8-Length of the lowermost branch from the 
main axis. 

0.00 0.00 0.00 + 0.00 

9-Length of the uppermost branch from the 
main axis 

0.00 0.00 0.00 + 0.00 

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 + 0.08 

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 
	

Ft1ows Salicornia 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 considerable increase in their measurements,(Tables 5.4 & 5.6), especially 

the length of the fertile segment (D), the total length 'of the central 

flower (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 grown in the 

complete nutrient solution. 

The visual symptoms of the plants grown in the nutrient 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 grown in the phosphorus deficient solution showed a sig-

nificant deviation from those grown in the nutrient solution with 

normal levels of phosphorus. However, from Tables 5.3 & 5.7 it can be seen 

that the characters; the total number of sterile segments in the 

main axis, the shoot length, and the total number of terminal spikes 

per plant are the most significantly affected by the lack of phosphorus. 

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, 	constrictions  can 

be observed in home of the terminal spikes. It seems this may be due 

to the failure of some fertile segments to form 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 phosphorus deficient plants developed longer terminal 

spikes than those grown in the complete nutrient solution due to this 

abnormality. 
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Table 5. 7 
	

Vegetative characters for SaiicorniZ ramos iss ma 

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 

2-Root length 6.20 8.23 8.29 + 	0.78 

3-Total number of terminal spikes/plant. 44.67180.83 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 
the main axis. 

19.83 27.85 26.62 + 	2.29 

7-Number of sterile segments in 
the main axis. 

10.00 13.77 14.26 + 	1.39 

8-Length of the lowermost branch from the 
main axis. 

5.48 7.49 7.69 + 	0.69 

9-Length of the uppermost branch from 
the main axis. 

2.92 3.17 2.58 + 	0.19 

Table 5.8 Fertile segment components measurements (mm) 

for S. ramosissima grown in'phosphorus-deficient 

(-P) nutrient solution . 

.Fertile Segment Components 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 	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 solution developed 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 the 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 total number of terminal spikes 

in the plant, and the shoot and the root length, showed a significant 

increase in their measurements, in comparison with those grown in the 

normal light regime of the greenhouse, Table 5.3 . However, the 

terminal spike length, the number of fertile 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 primary 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 grown under the normal green-

house light regime. 
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Table 5. 9 
	

Vegetative 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. 

1-Shoot length 13.78 17.32 14.79 + 1.69 

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 
terminal spike. 

11.85 15.92 13.20 + 1.57 - 

6-Total number of primary branches from 
the main axis. 

22.60 30.00 25.20 + 3.14 

7-Number of sterile segments in 
the main axis. 

12.50 15.00 13.70 + 1.10 

8-Length of the lowermost branch from the 
main axis. 

9.63 13.45 11.62 + 1.55 

9-Length of the uppermost branch from 
the main axis. 

3.85 5.94 4.81 + 0.70 

Table 5.10 	Fertile segment components measurements (mm) 

for S. ramosissima grown under an increased light 

intensity treatment. 

Fertile Segment Components Mean S.D. 

A 2.66 +0.03 

B 2.56 +0.07 

C 1.92 +0.05 

D 1.96 +0.06 

E 1.65 +0.05 

F 1.47 +0.04 

G 0.93 +0.02 
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Table 5.11 	;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. 

The treatments 

Vegetative morphological characters -N -P +L 

1. Shoot length. 100 55.6 75 

2. Root Length. 27.8 13.9 77.8 

3. Total number of terminal spikes/plant. 100 41.7 96.7 

4. Terminal spike length. 100 25.0 33.3 

5. Number of fertile segments in the terminal. 
spike. 97.2 25.0 22.2 

6. Total number of primary branches from the 
main axis. 100.0 27.8 25.0 

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

8. Length of the lowermost branch from the main 
axis. 100.0 25.0 94.4 

9. Length of the uppermost branch from the main 
axis. 100 36.1 97.2 

The above figures were calculated by application of the following 
formula:- 

The dis-similarity percentage = number of significantly different * means x 100 
Total number of means (significantly 

between means value of two 	different means + significantly similar** 
means.) 

treatments. 

* Significantly different = The value of one or both 'F' and 't test 

show a probability of less than 0.05. 

** Significantly similar = The values of both 'F' and 't' test are 

not significant, or if they possessed a 

probability greater than 0.05. 
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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 not show a marked deviation from those grown under the normal 

light level of the greenhouse, Tables 5.4 & 5.10. All 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 tables 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 Salicornia_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 priority 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. 



Photograph 5.4 . Shows Salicornia ramosissima plants grown under 

an increased light intensity 

165. 
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In spite of the marked fall in the physiological activity, and thus 

overall reduction in the vegetative characters, the plant is still 

able to complete its life cycle successfully in producing flowers 

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

low external levels of nitrogen, the small amount available 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 visualized 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 (i.e.the advantageous mōd-

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 obvious 

effect of phosphorus was the stimulation of some growth abnormality, 

especially the considerable increase 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 produce seeds. 

This narrow range of variation of Salicornia plants 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 

4 

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 is des-

irable that their scale of variation should be studied quantitatively. 

This scale of variation and the range of tolerance of the genotype 

in question is the range within which it can grow successfully and 

produce flowers and seeds. It is well known that every genotype 

has not one but a range of environmental tolerances when viewed in 

terms of its ecological amplitudes. As a matter of fact the concept 

of range is in itself an abstract one. It is almost impossible to 

define range in terms of a limited number of physical factors because 

so many variable are involved. It cannot thus be visualised what 

the reaction of a given genotype will be under different combinations 

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 earlier, 

may be caused by variation either in the environment and/or the 

genotype. So comparative culturing of plants raised from seeds 

from various parts of the tolerance range may help, partially, in 

separating heritable from non heritable variables. 

In the present experiment seeds belonging to different types 

of Salicornia 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, thoūgh 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, and 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 representative of the major 

taxonomic groups of SaZicornia found on Hayling Island. Following 

the classification of Chapman et al.(1962), these plants were iden- 

t 
tified as Salicornia dolichostachya, S. 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. (N1  - N4) 

and 2 - 16 p.p.m. (P1  - P4),  respectively. These ranges were considered 

wide enough to evaluate the effects of these elements on plant 

morphology. The actual concentrations used were spaced logarithmically, 

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 (Appendix, Table A6.1). 

In this experiment each culture tank was equally partitioned 

into three sections, referred 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 early 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 used. Tanks numbered 3, 4, 5 and 6 

were used for the nitrogen treatments, and 7, 8, 9 and 10 for the 

phosphorus treatments. 

The nutrient solutions were made up according to Hoagland and Arnon 

(1950) for solutions with different levels of nitrogen and phosphorus, 

with decreasing concentrations of the relevant element for each 

treatment and appropriate substitution. The reduction in the amounts 

of potassium and 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 Arnon. 

1938). Ammonium dihydrogen orthophosphate had been replaced with 

calcium tetrahydrogen diorthophosphate (CaH4  (PO4)2  H2  0) to give the 

same amount of phosphate in the normal solution. These adjustments 

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 complete 
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Table 6.:1 	The weight (g,/1L.) of the macronutrient 

salts used in preparation of the nutrient 

solution in the four levels of nitrogen. 

Nitrogen level 
The salt 

5 
p.p.m. 

! 	15 
p.p.m. 

45 
p.p.m. 

135 
p.p.m. 

KN 03  0.015 0.050 0.145 0.435 

Ca (NO3)2  0.018 0.047 0.147 0.441 

Ca H4" 4)2H20 0.130 0.130 0.130 0.130 

Mg SO4 	7H20  0.490 0.490 0.490 0.490 

K2  SO
4 

 0.536 0.508 0.447 0.146 

Ca SO4  0.272 0,459 0.435 • 0.108 

._ a 

Table 6.2 	The amount of nitrogen (p.p.m.) from KNO3  

and Ca (NO3)2  at the four levels of nitrogen 

treatment. 

rce of Nitrogen KNO3 	Ca(NO3)2 
en leve .Nitro p.p.m. 	g.1L. 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 
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Table 6.3 	The weights (g./1L)of calcium tetrahydrogen 

diorthophosphate used.  in the preparation-of 

the four levels of.phosphorus *: 

Phosphorus level 

The Salt 

2 
p.p.m. 

4 
p.p.m. 

8 
.p.p.m.....p.p.m. 

16 

CaH4 (PO4)2 	H2O 0.008. 0.016 0.033 0.065 

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

solution (Hoagland and Arnon 1938). 

Table 6.4 	Mean, and range-of the temperature and relative 

humidity in the greenhouse. 

Temperature (C°) Relative humidity (7) 

R Range X Range 

Maximum 

Minimum 

29.5 

6.9 

28. - 32.0 

4.0- 12.0 

Maximum 

Minimum 

84.8 

53.5 

76 - 96 

50 - 59 
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nutrient solution (Hoagland and Arnon 1938). Changing the concent-

ration of the salts did not bring about any significant change in 

the pH of the solution. These readings were about pH6 and were 

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 weeks, 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 (2.5%). 

The experiment started by sowing the seeds on 30th Apri1,1976. 

Usually germination commenced within one week. After the establishment 

of the seedlings was ensured, their numbers were reduced 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 ds possible. All the other experimental conditions were 

described in Chapter II. The range and means 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 in each 

of the employed levels of nitrogen and phosphorus was expressed as 

a mean, together with 95% 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 variance 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 deviations. 

6.2.2.1. The effect of nitrogen treatments on the 

morphology:- . 

It can be seen that the three types of SaZicornia i.e. S. 

dolichostachya, S. nitens and S. ramosissima, showed 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 branches and the 

length of the lowermost branch showed a significant increase in 

their measurements, up to a maximum of 45 p.p.m. nitrogen 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-

ments, up to a maximum of 15 p.p.m. nitrogen level (N2), again 

additional amounts of nitrogen 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 Salieornia in the four levels of nitrogen. 

Salicornia type and treatments S. doZichostaehya 
(A) 

S. nitens 
(B) 

S. ramosissima 
(C) 

Ve etative character 
5 

•.•.m. 
15 

•.•.m. 
45 

•.•.m. 
135 
.p.m. 

5 
•.•.m. 

15 
•.•.m.••.•.m. 

45 135 
•.•.m. 

5 
•.•.m. 

15 
•.•.m. 

45 
•...m. 

135 
•.•.m. 

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 9.83 10.77 11.63 11.09 6.63 6.93 7.46 6.61 

Total number of primary branches from 
the main axis. 

26.67 34.20 40.00 35.60 35.17 40.00 46.17 42.00 29.93 34.53 36.27 30.67 

Number of sterile segments in 
the main axis. 

13.33 17.17 20.13 17.67 17.50 19.92 22.75 20.92 13.53 17.27` 17.87 15.33 

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 
terminal spike. 

4.2Š 6.75 6.13 4.60 5.33 8.58 8.33 4.67 4.33 5.53 6.73 3.00 

Length of the lower most branch from 
the main axis. 

2.95 7.68 9.88 8.01 3.67 7.66 12.33 10.84 2.02 3.00 6.22 5.83 

Length of the upper most branch from 
the main axis. 

0.66 0.94 0.99 0.78 0.88 1.29 1.03 0.90 0.63 0.66 0.79 0.47 

Angle of the upper most branch with 
the main axis. 

32.50°  34.17°  42.00°06.67°  35.83°  32.08°  38.33°  48.18°  36.33°  29.67°  54.00°  51.67°  

Angle of the lower most branch with
the main 'axis. 

40.00°  33.67°  32.00°  40.00°  35.83°  40.83°  
- 

 54.55°  40.67°  32.00°.. - 
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Figures 6.1- 	Effect of the four levels of nitrogen on shoot length, root 
?6.1© 

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 

Scaicornia, with 95% confidence limits to show the physiological 

differences between these types at each level of nitrogen. 

Note: 	The means and confidence limits at each nutrient level are 

slightly separated laterally to avoid overlap of the lines. 
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Photograph 6.1 Shows Salicornia nitens plants grown in the four 

levels 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 

other words in their general growth rate. The 95% confidence limits 

reveals that the three types of Salicornia show their maximum diff- 

erences in their nitrogen utilization at the nitrogen level of their 

optimum growth. Simply the three Salicornia types can be ranked 

as follows:- S. nitons, S. doZichostachya and then S. ramosissima, 

(Figures 6.1-6.8 ). This order'can be-seen.'in almost all the vegetative 

characters. However, the figures clearly show that at 5 p.p.m. nitrogen 

level (N1) the three types of SaZicornia 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 development of the secondary branches 

and the nitrogen level is quite distinct (photograph 6.1. ). Almost 

no secondary branches are developed at the 5 p.p.m. nitrogen level. 

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-

onents in the four treatment of nitrogen. The data clearly shows that 
• 

the experimental levels of nitrogen did not exert a marked effect on 

the dimensions of the fertile segment components; In addition, ob-

servations on the flowering time, showed that there was little effect 

on the flowering time either, though there 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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Table 6.6 Shows the means (x): and standard deviation (S.D.) values 

for the fertile segment components of the three types of 

,lalicornia in the four levels - 6f nitrogen (Measurements 

expressed as mm). 

S. dolichostachya 
(A) 

Fertile 
Segment * 
Components 

5.p.p.m. 

x 	S.D. 
- 	-_-- 

15 p.p.m. 

x 	S.D. 

N3 
45 p.p.m. 

x 	S.D. 
- 	, 	- 	- 

N 
135 p.p.m. 

x 	S.D. 

A 3.77 +0.22 - 	+ 	- 3.44 +0.25 3.52 +0.29 

B 3.62 +0.24 - 	+ 	- 3.31 +0.19 3.36 +0.32 

C 2.55 +0.07 - 	+ 	- 2.36 +0.12 2.56 +0.13 

D 2.32 +0.10 - 	+ 	- 2.11 +0.18 2.22 +0.23 

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 +0.23 

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 

• S. nitens 
(B) 

Fertile N1 N2 N3 N4 
135 

Segment * 
5.p.p.m. - - 15 p.p.m. - 45 p.p.m. p.p.m. - 

Components x 	S.D. x 	S.D. x 	S.D. x 	S.D. 
p  

A 3.68 	+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 	+0.11 

D 1.53 	+0.19 1.87 	+0.16 1.76 	+0.18 1.61 	+0.19 
• 
E 2.62 	+0.23 2.08 	+0.12 2.09 	+0.12 2.21 	+0.19 

F 1.43 	+0.14 1.59 	+0.17 1.51 	+0.18 1.42 	+0.16 

G 0.62 	+0.11 0.78 	+0.12. 0.77 	+0.19 0.67 	+0.15 

E-F 0.59 	+0.19 0.50 	+0.18 0.60 	+0.13 0.79 	+ 

D-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 N1 N2 N3 N4 
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 	+0.14 - 	+ 	- 2.96 	+0.16 2.79 	+0.16 

B 2.92 	+0.17 - 	+ 	- 2.91 	+0.13 2.73 	+0.17 

C 2.28 	+0.16 - 	+ 	- 2.11 	+0.12 2.09 	+0.12 

D 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 	+0.08 1.37 	+0.23 

G 0.66 	+0.18 - 	+ 	- 0.65 	+0.09 0.71 	+0.19 

E-F 0.61 	+0.14 - 	+ 	- 0.55 	+0.17 0.47 	+0.18 

D-F 0.17 	+0.15 - 	+ 	- 0.20 	+0.14 0.29 	+0.07 

* Seg 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 SaZicornia show some differences in their green 

colouration. In general plants of S. 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 plānts 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, Page201&2Q2). 

Table 6.7 	and the Figures 6.11-6.20 illustrate 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 

4. 

7. 

8. 

9. 

10, 

types of Salicornia in the four levels of phosphorus. 

alicornia type and treatments 

Ve•etative character 	• 

S. dolichostachya 
(A) 

S. nitens 
(B) 

S. ramosissima 
(C) 

2 

8.29 

..p.m..p.p.m..p.p.m. 
4 

22.34 

8 

15.25 

16 
p.p.m. 

16.19 

2 
p.p.m.,  

27.18 

4 
p.p.m. 

31.72 

8 
p.p.m.,  

25.20 

16 
p.p.m. 

29.16 

2 
p.p.m, 

20.09 

4 
p.p.m 

24.93 

8 
p.p.m. 

24.00 

16 
p.p.m. 

25.93 Shoot length 

Root length 7.63 6.92 6.00 5.67 9.08 9.28 9.29 10.50 7.15 ' 	7.33 8.30 9.64 

Total number of primary branches from 
the main axis. ,35.86 42.80 30.27 31.20 45.17 49.19 39.33 46:73 32.67 37.00 33.73 41.82 

Number of sterile segments in the 
main axis. 17.79 21.33 15.27 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 
terminal spike. 6.33 6.60 6.00 6.47 7.83 8.00 8.58 5.36 6.13 4.30 8.07 3.36 

Length of the lower most branch from the
main axis. ` 8.44 11.50 10.10 9.02 10.60 12.79 15.65 12.58 6.96 6.50 12.40 11.60 

Length of the upper most branch from 
the main axis. 1.29 1.02 1.25 1.17 1.18 1.32. 1.10 0.87 0.95 0.55 1.10 0.49 

Angle of the upper most branch with 
the main axis. 30.00°  34.33°  33.67°  29.67 52.50 52.50 35.00 49.55 55.33 35.00 50.67 42.73 

Angle of the lower most branch with 
the main axis. 

 o 34.00°  0 37.33°  0 40.67°  40.67 51.25 52.50 45.83 55.46 
_. 

48.75 56.33 55.46 

5.  

6.  



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 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 lowermost branch with the main axis respectively in 

the three types of Salzeornia with 95% confidence limits 

to show the physiological differences between these types 

at each level of phosphorus. ( See note on page 175). 
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Photograph 6.2 : Shows Salicornia 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 Salicornia nitens plants grown in $-p.p.m. 

phosphorus level (9B) and in 16 p.p.m. phosphorus 

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

in the terminal spike and the length of the upper branch-(all concerned 

with the shoot apices) did not show any response to the different 

phosphorus levels (Figures 6.15-6.17') 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 show that the angle of branching,. 

both of the uppermost and the lowermost branches, with the main axis, 

and the root length have no response to the experimental levels of 

phosphorus. 

Phosphorus treatments did not show any significant effect on the mor-

phology of the fertile segments (Table 6.8). Also, these treatments 

did not have any effect on the flowering time, though plants of S. 

dolichostachya flowered earlier than those of S. nitens and S. ramosissima 

by 12 - 14 days- 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 characters 

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

for fertile segment. components of the three types of 

Salicornia in-the four levels of phosphorus(Measuretuents 

expressed as mm ). 

• S. dolichostachya 

(A) 

Fertile P1 22 23 P4 
Segment * 2 p.p.m. - 4 p.p.m. - p.p.m. _8 p.p.m. _16 
Components x 	S.D. x 	S.D. x 	S.D. x 	S.D. 

1 1 
A 3.24 	+0.23 - 	+ 	- 3.51 	+0.32 _- 	+ 	- 

B 3.12 	+0.18 - 	+ 	- 3.19 	+0.25 - 	+ 	- 

C 2.40 	+0.10 - 	+ 	- 2.46 	+0.20 - 	+ 	- 

D 2.16 	+0.33 - 	+ 	- 2.12 	+0.12 - 	+ 	- 

E 2.12 	+0.18 - 	+ 	- 1.98 	+0.14 - 	+. 	- 

F 1.86 	+0.18 - 	+ 	- 1.73 	+0.17 - 	+ 	- 

G 0.96 	+0.09 - 	+ 	- 1.03 	+0.3 - 	+ 	- 

E-F 0.26 	+0.11 - 	+ 	- 0.25 	+0.09 - 	+ 	- 

D-F 0.30 	+0.21 - 	+ 	- 0.39 	+0.17 - 	+ 	-  
,~_ - - - - 

S. nitens 
(B) 

Fertile P1 22- P3 P4.. 
Segment 2 p.p.m. 4 p.p.m. 8 p.p.m. 16 p.p.m. 

Components x 	S.D. x 	S.D. S.D.x  x 	S.D. 

A 3.61 	+0.16 4.07 	+0.28 3.69 	+0.23 3.53 	+0.22 

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 	+0.18 2.46 	+0.20 

D 1.58 	+0.18 1.96 	+0.26 1.71 	+0.36 1.56 	+0.20 

E 2.17 	+0.10 2.31 	+0.16,- 2.12 	+0.20 2.11. 	+0.10 

F 1.34 	+0.15 1.72 	+0.20 1.57 	+0.25 1.47 	+0.20 

G 0.61 	+0.17 0.62 	+0.16 0.66 	+0.19 0.65 	+0.16 

E-F 0.83 	+0.17 0.59 	+0.19 0.54 	+0.17 0.64 	+0.20 

` 	D F 0.24 	+0.09 0.24 	2.08 0.19 	+0.09 0.1 	+0.10 
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Table 6.8 	(Continued) 

S. ramosissima 
(C)  

Fertile P1 P2 P3 P4 
Segment * 2 p.p.m. - 

x 

p.p.m. -4 p.p.m. -8 p.p.m. -16 
Components - 	S.D. x 	S.D. x 	S.D. x 	S.D. 

A. 2.55 	+0.30 2.73 	+0.15 2.91 	+0.10 2.70 	+0.21 

B 2.55 	+0.24 2.70 	+0.30 2.79 	+0.17 2.62 	+0.23 

C 1.92 	+0.20 1.87 	+0.12 2.02 	+0.10 1.99 	+0.23 

D 1.63 	+0.34 1.67 	+0.16 1.66 	+0.22 1.61 	+0.14 

E 1.72 	+0.16 2.13 	+0.12 1.90 	+0.13 1.86 	+0.15 

F 1.30 	+0.22 1.60 	+0.10 1.53 	+0.21 1.39 	+0.14 

G 0.62 	+0.10 0.70 	+0.20 0.78 	+0.92 0.73 	+0.09 	i 

E-F 0.42 	+0.31 0.53 	+0.15 0.37 	+0.19 0.47 	+0.13 	! 

D-F 0.33 	+0.15 0.07 	+0.06 0.13 	+0.11 0.22 	+0.07 	
1 

* 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 (N2), any additional dosage of 

nitrogen having 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 their general morphology 

and appearance ( hotographs 5.2 & 6.1). Moreover at low nitrogen 

levels the three types of Salicornia cultured look very similar 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 such 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 evidence regarding the actual concentrations and variation 

of nitrogen in the Salicornia zones. Nevertheless, 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.g Tyler 1967, Pigott 1969), and hence the competition for it is 

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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Figures 6.21— - Polygonal graphs of eight morphological characters of 

64.23 	Salicornia 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:— 

1 

3 

5 

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 primary 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. 

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

Salicornia dolichostachya 

Figure 6.21 



Nitrogen level - 5 p.p.m. 

209. 

Nitrogen level - 15 p.p.m. 

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

Salicornia nitens  

Figure 6.22 



Nitrogen level - 5 p.p.m. 

210. 

Nitrogen level -.15 p.p.m. 

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

Salicornia ramosissima  

Figure 6.23 
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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 als1964,'Tyler 1971W. 

From the results of the present experiment it can be clearly ■ 

seen that the three types of SaZicornia studied, i.e. S. dolichostczchya, 

Se nitens and S. rainosissima, 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 nitrogen used (Figures 6.1-6.8. ). 

However, these figures differ significantly in their absolute values, 

and the maximum difference between these types in their ability to 

utilize the available nitrogen in the culture solution, is at the 

nutrient level of their optimum growth for each of the characters. 

It is interesting to see that the curves for S. ramosissima are always 

below the curves of the other two types. Since such a phenomenon 

occurred 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 part, may be explained as a result of genetic differentiation 

in relation to the actual nitrogen contents in their natural habitat, 

since genetic differentiation in salt marsh species in response to 

the environmental heterogeneity is well, established (Gregor 1930, 

1946, Chapman 1960i - Aston and Bradshaw 1966;"Sharr 
	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 increasing 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, 
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among the annual forms of Salicornia spp., may be the presence of a breeding 

barrier between the populations, particularly between thō"se 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). In 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 those of the high marsh. Differences in 

flowering time between the populations may reduce the effect 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 branches 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 terminal 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 three 

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 
6. 26 

Polygonal graphs of eight morphological characters of 

Salicornia dolichostachya, S. niters and S.-  ramosissima 

respectively, grown in the four levels of phosphorus. 

(see note on page `207). 



Phosphorus level — 2 p:p.m. 
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Phosphorus level — 4 p.p.m. 

Phosphorus,_ level — 8 p.p.m. Phosphorus level — 16 p.p.m. 

Salicornia dolichostachya 

Figure 6. 24 



Phosphorus- level- — 2 p.p.m.  
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Phosphorus level — 4 p.p.m. 

Phosphorus level — 8 p.p.m. Phosphorus level — 16 p.p.m. 

'Salicornia nitens  

Figure 6..25 



Phosphorus. level — 2 p.p.m. 
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Phosphorus level — 4 p.p.m. 

Phosphorus level — 8 pip.m. 

Salicornia ramosissima 

Phosphorus level — 16 p.p.m. 
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the annual forms of Salicornia at least as far as the experimental 

material tested here. This is in agreement with the prēvious con-

clusions that nitrogen appears to be the limiting 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 1976). 

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 natural 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), 

natural selection has let to the development of low nitrogen tolerant 

genotypes. The biological consequences of this is that the annual 

forms of Salicornia can flower and set seeds, and so can survive, even 

at very low nitrogen levels. 

6.3 The effect of different levels of sodium chloride on the 

morphology of SaZicornia:- 

As pointed earlier in this thesis (Chapter I), salinity levels 

vary considerably over the salt marsh habitat, seasonally as well as 

regionally, from one place to another 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 on 

Salicornia spp. For example, 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, iert_  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 attempt was made to investigate 

the effect of different strengths of sodium chloride on the morphology 

of Salicornia in terms of the same morphological parameters used in 

the previous experiments, as well as correlating the behaviour of 

three types of 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 5% 

(twice the normal sea water strength), 2.5% (normal sea water strength), 

1.3% (half normal sea water strength) and 0.65% (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 III). 

In addition, each culture tank was partitioned into three equal sections, 

referred to as A', B' and C'. Each section was sown with seeds of one 

of the three types of SaZicornia, 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 the complete solution of Hoagland 

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 
in the culture 

solution 

Nacl concentration 
in percentage 

gm/L of nutrient 
solution 

1 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:- 

The various growth parameters measured are represented in Tables 

6.10 and 6.11, along with Figures 6.27-6.36, and Photograph 6.4, to 

illustrate the effect of the experimental levels of sodium chloride 

on these parameters, in the three selected types of Salicornia. 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 characters; the plant height, number of sterile segments 

in the main axis, total number of the primary branches 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 their 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). From the photograph it is also 

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



Table 6.10 Shows the mean values for the "vegetative characters_fbr each of the selected' 

types of Saiicornia in the four levels of sodium chloride. 

Saticornia type and 
Vegetative Characters 	

treatments 

_ 

S. dolichostaehya 
(A) 

S. nitens 
(B) 

S. ramosissima 
 (C) 

0.65% 	1.3% .2:5% 5% 0.65% 1.3% 2.5% 5% 0.65% 1.3% 2.5% 5% 

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 primary branches from 
the main axis. 

47.00 	39.33 36.57 34.27 60.86 57.67 50.67 38.83 59.20 49.64 42.53 38.00 

Number of sterile, segments in the 
main axis. 

23.75 	19.83, 18.13 17.00 30.86 28.50 25.27 19.50 29.10 24.82 21.40 18.83 

Terminal spike length 2.63 	1.28 1.13 0.31 2.30 1.80 1.47 0.33 2.41 1.23 0.66 0.23 

Number of fertile segments in 
the terminal spike 

11.50 	4.33 
. 

5.00 1.36 11.29 8.83, 7.87 1.67 1.31 7.55 3.93 1.33 

Length of the lowermost branch from 
the main axis. 

15.46 	10.28 9.17 6.48 11.07 13.76 9.17 5.23 22.51 12.82 11.89 8.00 

Length of the uppermost branch from 
the main axis. 

1.98 	1.53 1.05 0.67 2.09 1.88 1.13 0.64 1.53 0.85 0.59 0.35 

Angle of the uppermost branch with 
the main axis. 

37.08 	29.50 25.67 34.33 31.43 30.83. 32.22 30.85 33.50 30.00 31.00 31.67 

Angle of the lowermost branch with 
the main axis. 

.38.33 	30.42 26.67 31.00 34.89 40.00 42.78 45.83 38.00 29.55 21.33 39.17 
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Figures 6..47 _- 

6.36 

Effect of the four levels of sodium chloride 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 

the angle of the lowermost branch with the main axis, in 

the three types of Salicornia, with 95% confidence limits 

to show the sensitivity •differences between the types 

at each level of sodium chloride (See note on page 175'.). 
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Photograph 6.4 	Shows Salicornia nitens plants grown in 5% Nacl 

( 11B), in 1.3% Nacl (12B) and in 0.65% Nacl (13B). 
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secondary branches from the primary branches. 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 terminating one or two short sterile. 

segments. Sometimes the terminal spike is sessile on the primary 

branch. 

Comparison of Figures 6.27-6.,34 and Photograph 6.4 reveals that 

the increased dosage of sodium chloride produced a stunting effect 

on growth. It can be noticed that the length of the terminal spike, 

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

of the uppermost branch are the most suppressed by increasing the 

salinity level in comparison with the other vegetative 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 x 12 to one fertile 

segment respectively, and in some, even one fertile segment did not 

develop well. Similarly in S. ramosissima the lengthof 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 segments in the main 

axis and the total number of primary branches appeared to be less 

sensitive to the increased 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 components. 

It seems that the most sensitive component of the fertile segment, 

to the increased levels of sodium chloride, are the maximum widths 

of the 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 chloride 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 types, 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 sterile 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 
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Table 6.11 Shows the means(x) and standard deviation(S.D.) 

values for the fertile segment components of the 

three types of Salicornia in the four levels of 

sodium chloride.(Measurements expressed as mm). 

S. dolichostachya 
(A„) 

Fertile 
Segment 	

)
~ 

Components 
x 
0.65% 

S.D. 

1.3% 

x 	S.D. x ` 

2.5% 

S.D. 
, 

x 
5% 

S.D. 

A 4.33 +.38 3.8 +.39 3.45 +.10 3.52 +.24 

B 4.24 +.41 3.44 +.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 1.27 +.25 1.25 +.23 1.01 +.17 1.30 +.10 

E-F .36 +.13 .40 +.28 .49 +.14 .38 +.13 

D-F 0.20 .: +.26. .07 +.09 .03 +.09 .24 +.18. 

S. nitens 
(B") 	 

Fertile 
Segment 	* 
Components 

x 

0.65% 

S.D. 

1.3% 

x 	S.D. 
I 

x 
■ 

2.5% 

i 	S.D. x 

5% 

S.D. 

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 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 

F 1.82 +0.20 1.48 +0.38 1.28 +.15 1.23 +.19 

G 1.02 +.05 .83 +.23 .73 +.24 .74 +.17 

E-F .40 +.16 .42 +.13 .30 +.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% 2.5% 5% 
Segment * 
Components x 	S.D. x S.D. x S.D. x S.D. 

A 3.51 	+.33 3.08 +.26 2.97 +.32. 2.76 +.16 

B 3.26 	+.32 2.77 +.25 2.33 +.55 2.58 +.20 

C 2.44 	+.23 2.31 +.23 1.86 	' +.39 2.12 +.08 

D 1.63 	+.18 1.65 +.26 1.32 +.21 1.44 +0.20 

E 2.2 	+.17 2.06.' +.18 1.90 +.18 1.80 +.14 

F 1.40 	+.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 
J . 	- ' -, 

* 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 

percent and 5 percent sodium chloride most of the measured vegetative 

character show their maximum overlapping between the three types of 

Salicornia 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 spike did not show significant 

differences between those plants of S. dolichostachya and those of 

S. ramosissima (Figures 6.31 and 6.32). 

The presence of such significant differences in the growth ability 

between the three types of Saiicornia,.in terms of the measured vegetative 

characters, within the range of 1.3 - 2.5 percent sodium chloride under 

the standard growth conditions employed could indicate that these types 

of SaZicornia have evolved different physiological adaptations to function 

effectively under a salinity regime similar to that present in habitat 

of the parent plant. 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 of 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 characters, it may be concluded that variation in 

salinity 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 different 

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 Salicornia 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 belief that Salicornia spp. and other halophytes are salt 

tolerating rather 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 SaZicornia 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 that 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 
$ 	6._39 

Polygonal graphs of eight 

Salicornia doliohostachya, 

respectively, grown in the 

(see note on page 207 ). 

morphological characters . 

S: nitens . and S: ram©sissima - .. 

four levels of sodium chloride. 
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Sodium chloride level — 1.3% 

Sodium chloride level — 2.5%' Sodium chloride level — 5% 

Saticornia dolichostachya  

Figure 6.37 
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Sodium chloride level-1.3Z 

Sodium chloride level-2.5% Sodium chloride level-5% 

SaZicornia nitens  

Figure 6..38 
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Sodium chloride level — 1.3% 

Sodium chloride level — 2.5% Sodium chloride level — 5% 

Salicornia ramosissima 

Figure 6.39 
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1973). In addition, other fundamental metabolic process in halophytes 

such as protein synthesis are inhibited by salt (Hall and`Flower 1973). 

Protein synthesis and related processes could occur in the palisade 

cells illustrating the need for lower salt concentrations in the palisade 

cells. Austenfeld (1974) found that nitrate reductase (the key enzyme 

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 Salicornia, the water content 

drops continuously until the plants die. This in part may explain 

the reduction of the two 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 cells ability to pigeon hole the 

salt into the central membrane bound vacoule, thus protecting the salt 

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 Salicornia 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 (Hans en 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 

anthocyanins (see Mabry et al. 1962 and Shichi 1975). Thē- betacyanins 

and the betaxanthins occur in the cell sap (of the vacuoles) and thus 

belong to chymochromes (Dreiding 1961). Schichi (1975) concluded 

that the principal structure of the violet coloured pigment in his 

Salicornia herbacea was betanidins - 5 - 0 - [ 2 - 0 - (0 - D 

glucopyranosyl uronic acid ) 1 
- a — 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 completely red at the 

end of their life cycle. Its actual distribution within the plant 

varies, it could be found in the perianth or it may be present as 

pink purple spots, in a mosaic, along the terminal spike. On the 

other 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 the apical parts 

of the plant only. This variation in red colouring between the diff- 

erent groups of the genus, in which we are concerned, has 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 Salicornia 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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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:- 

SaZicornia type/ 
pitrogen levels 

Colour grade 

S. doZichostachya (A ) S. nitens 	(B'• ) S. ramosissima (C ) 
5ppm 15ppm 45ppm 135ppm 5ppm 15ppm 45ppm 135ppm 5ppm 15ppm 45ppm 135ppm 

- 100% 100% 100% 100% 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 

- + 0 0 0 0 0.0 0.0 100% 66.7% 0 0 26.7% 100% 

+ 0 0 0 0 100% 100% 0 0 0 0 73.3% 0 
++ 0 0 0 0 0 0 0 0 0 100% 0 0 
++ 0 0 0 0 0 0 0 0. 100% 0 0 0 

2. Phosphorus treatment:- 

Salicornia type/ 
phosphorus levels 

Colour grade 

S. doliehostachya (A ) S. nitens (B ) S. ramosissima (C') 
2ppm 4ppm 8ppm 16PPm 

1 
2ppm 4ppm 8ppm 16PPm 2ppm 4ppm 8ppm 16PPm 

- 100% 100% 100% 100% 83% 33.33% 100% 0 0 0 0 0 
- - + 0 0 0 0 0 66.7% 0 10 0 0 0 0 

- + 0 0 0 0 16.7% 0 0 90 6.7% 10% 0 0 

+ 0 0 0 0 0 	• 0 0 0 93.3% 90% 100 100 
++ 0 0 0 0 0 0.  0 0 0 0 0 0 
+++ 0 0 0 0 0 0 0 0' 0 0 0 0 

4n*  n 



	

Table 6,12 
	

(Continued) 

3. Sodium chloride treatment 

	

4n 
	

4n 
	

2n 

Saticornia type/ 
Sodium chloride levels 

Colour grade 

S. dotichostachya (A') 	 S. nitens (Bs) S. ramosissima (Cs) 
0.65% 1.3% 2.5% 5% 0.65% 1.3% 2.5% 5% 0.65% 1.3% 2.5% 5%  

— 100% 100% 100% 100% 100 100 0 0 80% 100 90 0 

— — + 0 0 0 0 0 0 100 100 0 0 10 0 

—+ 0 0 0 0 0 0 0 0 20% 0 0 0 

+ 0 0 0 0 0 0 0 0 0 0 0 100 

• ++ 0 0 0 0 0 0 0 0 0 0 0 0 

+++ 0 0 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 SaZicornia plants. 

= Observed betacyanin absent. 

— — + = 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. 

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

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

+ + + = Betacyanin can be observed in all the fertile segments of the terminal spike and other parts of the plant. 

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

technique described in chapter III. 
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betacyanin in the plants of the three types of Salicornia (S. doli-

chostachya, S. nitens, and S. ramosissima) are presented- in Table 6.12. 

These are in the forms of percentages for each of the adopted scale 

(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 coloration had developed 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 any red colour developed, it was in a form 

of small pink spots diffused in the perianth. Though S. nitens devel-

oped red coloration it was not as intense as in the case of S. ramosissima. 

However, in plants. of S. dolichostachya no red coloration was observed 

under any of the experimental growth conditions, (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 coloration 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 spot 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 Salicornia can be stimulated by nutrient 

deficiency and in particular by nitrogen deficiency. It seems this 

in part, may explain the red coloration of most of Salicornia spp. 

found in the upper marsh, which is usually 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 which favours its 

developments. It seems that this is in agreement 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 attempt was made to express 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 characters 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 environmental change. This was tested 

by the application of the particular kind of analysis or-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, phosphorus, 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 the actual 

sizes of the observable differences among races. It is necessary 

to point out that whilst the environmental factors are varied one by one. 

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 Arcsine trans-

formation was applied to the ratio indices before the 

statistical tests were carried out. 

6.5.1 Results:- 

The results of the analysis of variance are summarised in 
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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 
{r 

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 characters shoot length, root length, total number of 

primary branches from the main axis, number of sterile segments in the 

main axis, length of the lowermost 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 under 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 branches 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 lower-

most branch, 0.49 > angle of the uppermost branch with the main axis, 

0.05 > number of fertile segments in the terminal spike. 0.02. 

In contrast, all the measured vegetative characters are not in-

fluenced by the phosphorus levels. Shoot length, root length, total 

number 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 Sa icornia 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 

Race 

*** 

*** 

NS 

** 

*** 

NS 

2. Root length 

Treatment ** NS NS 

Race *** ** NS 

3. Total number of primary 
branches from the main 
axis. 	' 

Treatment *** NS ** 

Race *** ** ** 

4. Number of sterile segments 
in the main axis. 

Treatment *** NS ** 

Race *** ** ** 

5. Terminal spike length. 

Treatment ** NS *** 

Race ** ** NS 

6. Number of the fertile 
segments in the terminal 
spike. 

Treatment * NS *** 

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 

Race 

** 

** 

NS 

NS 

* 

NS 

8. Length of the upper-
most branch from the 
main axis. 

Treatment 

Race 

NS 

** 

NS 

* 

*** 

** 

9. Angle of the upper-
most branch with the 
main axis. 

Treatment 

Race 

NS 

NS 

NS 

NS 

NS 

NS 

10. Angle of the lower-
most branch with the 
main axis. 

Treatment 

• Race 

NS 

NS 

NS 

NS 

NS 

NS 

NS 	P 	> .05 (not significant) 

	

* P 	0.05 to ;O1 

	

** 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 

uppermost 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 selected types of Salieornia (i.e. races). However, the characters 

toot 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 as follows in relation to their variance ratio 

values:- number of sterile segments in the main axis, 0.55 > total number of 

the primary branches 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 6.14 
	

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 

Race 

NS 

NS 

NS 

NS 

NS 

* 

2. Maximum width of the 
4th segment from the 
base. 	(B) 

Treatment NS NS * 

Race NS NS ** 

3. Minimum width of the 
3rd segment- (C) 

Treatment NS NS NS 

Race NS NS * 

4 

4. Length of the segment 
(D) . 

Treatment NS NS 

Race NS NS *** 

5. Total length of the 
central flower. 	(E) 

Treatment NS NS 

Race NS NS *** • 
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Table 6.14 
	

(Continued) 

Nitrogen 	Phosphorus 
	

Sodium chloride 
treatment 	treatment 

	
treatment 

6. Observed length of the 
central flower. 	(F) 

Treatment 

Race 

NS 

NS 

• 

- 	NS 

NS 

NS 

*** 

7. Observed length of the 
lateral flower. 	(G) 

Treatment 

Race 

* 

NS 

NS 

NS 

NS 

*** 

8. Covered part of the 
central flower (E-F) 

Treatment 

Race 

* 

* 

NS 

NS 

NS 

** 

9. Distance between the apex 
of the central flower and 
the segment top (D-F) 

Treatment 

Race 

NS 

NS 

NS 

NS 

NS 

NS 

NS 	P 	> 	.05 (not significant) 

	

* 	P 	.05 to .01 

	

** 	P 	.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 character E-F 

is influenced by the nitrogen variation 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 as:- E-F, 0.60 > A, 0.14 > B, 0.10 >- E, 0.02 > C, -0.005 > 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:- B,. 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 Salicornia 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 > 

D-F, -0.19. 

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 nitrogen level. However, the indices 

D
and 	

E+D-F 
 show a slight response to nitrogen factor. All the listed 

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. 	~C

) B 

Treatment 

Race 

NS 

NS 

NS 

NS 

NS 

NS 

2. Length of the segment/ 
Maximum width of the 
segment. 	~D

) B 

Treatment 

Race 

NS 

NS 

NS 

NS 

NS 

NS 

3. Observed length of the 
lateral flower/Observed 
length of the central 
flower.,G

) 
	• 
F 

Treatment 

Race 

NS 

NS 

NS 

- 	NS 

NS 

* 

4. Total length of the central 
flower/length of the 
segment. ~E

) D 

• Treatment 

Race 

* 

NS 

NS 

NS 

** 

** 

5. Observed length of the 
lateral flower/length of 
the segment. 	~G

) • D 

• Treatment 

Race . 

NS 

NS 

NS 

NS 

NS 

** 
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Table 6.15 
	

(Continued) 

Nitrogen 
	

Phosphorus 
	

Sodium chloride 
treatment 
	

treatment 
	

treatment 

6. Observed length of the 
central flower/length 
of the segment. (F)  

D 

Treatment 	NS 	NS 	NS 

Race 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.  D-F  

'E+D-F 

Treatment 	NS 	NS 	** 

Race 	NS 	NS 	** 

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 NS 	NS 

Race 	NS 	NS 	*** 

9. Minimum width of the seg-
ment + length of the seg-
ment/ 2 x maximum width of 
the segment. 	C+D 

( 2B)  

Treatment 	NS 	NS 	NS 

Race 	NS 	NS 	NS 



10. Maximum 
segment 
maximum 
segment 
minimum 
segment 
A+B 
( 2C)  

width of the 2nd 
from the base + 
width of the 4th 
from the base/ 2 x 
width of the 3rd 
from the base. 

Treatment 

Race 

NS 

NS 

NS 

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 

E-F 

Treatment 

Race 

NS 

NS 

NS 

NS 

NS 
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Table 6.15 
	

(Continued) 

Nitrogen 
	

Phosphorus 
	

Sodium chloride 
treatment 
	

treatment 
	

treatment 

NS 	P 	> 	.05 (not significant) 

	

* 	P 	.05 to .01 

	

** 	P 	.01 to 0.001 

*** P < .001 
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E-F nitrogen treatment may be arranged as:- E+D-F , 0.33 > ED—, 0.10 > A2B 

0.5 > D, 0.03 > D, 0.04 >.B, -0.04 > F, -0.06 > 2B' -0.07 > EEF, 0.07 > 
D- 

IF-0.09  E+(DEF), -0.13. 

With the phosphorus treatment none of the fertile segment indices 

show significant variation, either in response to the phosphorus treat-

ment, or to the Salicornia type. However, according to their variance 

ratio values, those characters can be ranked as follows:- ED—, 0.95 > 

A+B 	F 	C 	G 	C+D 	G 	D 
2C' 0.59 > D, 0.58 > B, 0.38 > D, 0.31 > 2B, 0.30 > F, 0.26 > Ti, 0.23 > 

E+D-F , 0.02 >,EEF, -0.20 > E+(D-F)' 0.62. 

Table 6.15 shows that all the fertile segment indices, apart from 

the ratios 
E 

and 
D-F 

, are not affected by the salinity levels. How- D 	E+D-F 
ever, the indices G, E~ G~ F~ 

	D-F.  , +D- and 	appear to be 
F D D D E+D-F 	E+D-F 	E-F 

influenced by the genotype. According to the variance ratio values, 

the fertile segment indices under sodium chloride may be arrangēd as:- 

2-3.04 > 	E-F 	2.59> 	E 2.12> E 1.46 >G 1.19> 	D-F 	0.70> D' E+D-F ' 	E-F' 	D' 	F' 	E+(D-F)' 
F 0.62 > A+B 0.02 > 	-0.07 > C+D -0.16 > D -0.19. D' 	2C' 	1P 	2B' 	B' 

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 differently. Whilst sodium chloride 

shows more variation and generally exerts a significant effect on 

the morphology, most of the vegetative 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 

due to the genotypes under the experimental levels of nitrogen, phos-

phorus and sodium 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 levels. Almost all the fertile segment characters show no-

significant response due to the genotype under the nitrogen and phos-

phorus treatment. However, 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 between the genotype under nitrogen and phosphorus treat-

ments whilst under the sodium chloride treatment only the ratios D, 

G D-F 	E-F 
E+D-F 

and 
 E+D-F  show a significant response between genotypes. 

6.6. •Taxametric studies:- 

For this purpose the selfed progeny of eight Salicornia plants 

belonging to S. 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. 



Table 6.16 	The Salicornia types and the mean values for the variables used in the taxametric study. 

Salicornia groups 

Characters 

S. dolichostachya S. nitens S. ramosissima 

decumbant erect erect erect erect strict more 
spreading 

still more 
spreading 

I. 	Vegetative Characters 

1. Shoot length. 26.95 24.98 18.29 25.47 29.16 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 
branches from the main axis. 38.40 36.57 35.60 50.67 46.73 43.53 44.33 - 

44.53 

4. Number of sterile segments in 
the main axis. 19.20 18.13 17.67 25.27 23.09 21.40 22.25 22.33 

5. Length of the lowermost branch 
from the main axis. 

7.30 9.17 8.01 9.17 12.58 11.89 9.93 8.93 

6. Length of the uppermost branch 
from the main axis. 1.09 1.05 0.78 1.13 0.87 0.59 0.50 0.60 

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 
the terminal spike. 5.87 5.00 4.60 7.87 5.36 3.93 2.18 5.13 



Table 6. 16 (Continued) 

Scaicornia groups. S. dolichostachya S. nitens S. ramosissima 

Characters decumbant erect erect erect erect strict more 
spreading 

still more 
spreading 

9. Angle of the uppermost branch 
with the main axis. 

52.00°  25.67 36.67°  32.22 
c 

49.55 31.00 34.58 61.43 

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

40.00 
0 

26.67 32.00 42.78 

v 

55.46 21.33 30.00°  46.15
0 

 

II 	Fertile segment components 

1. Maximum width of the 2nd segment 
from the base (A). 

3.81 3.45 3.52 3.60 3.53 2.97 2.99 3.02 

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 
segment (C). 

2.75 2.23 2.56 2.45 2.46 1.86 1.99 2.11 

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 
flower (E) . 

2.30 2.53 2.26 1.83 2.11 1.90 2.00 2.11 

6. Observed length of the 
central flower (F) 

1.99 2.04 1.86 1.53 1.47 1.15 1.30 1.43 
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Table 6.16 (Continued) 

SaZicornia groups 

Characters 

S. doZichostachya S. nitens S. ramosissima 

decumbant erect erect 
" 

erect erect strict more 
spreading 

still more 
spreading 

7. Observed length of the lateral 
flower (G). 1.11 1.01 1.34 0.73 0.65 0.57 0.80 0.93 

8. Covered part of the central 
flower (E-F). 0.31 0.49 0.40 0.29 0.64 0.75 0.70 0.68 

9. Distance between the apex of 
the central flower and the 
segment top 	(D-F) 

0.28.. 0.03 .0.36 -0.58 0.90 0.00 0.10 0.19 

III 	Fertile Segment indices 

1. The minimum width of the segment/ 
maximum width of the segment (C)  

B 
79.0 72.0 76. 

• 
82.0 71.0 79.0 77.0 75.0 

2. Length of the segment/maximum 
width of the segment(D)  

R 

65.0 64.0 66.0 49.0 45.0 56.0 54.0 57.0 

3. Observed length of the lateral 
flower/Observed length of the 
central flower (G)  

F 

56.0 50.3 72.0 48.0 44.0 49.0 62.0 65.0 

4. Total length of the central flower/ 
Length of the segment (E). 

D 
101.0 120.9 102.0. 124.0 135.0 144.0 143.0 130.0 

5. Observed length of the lateral 
flower/Length of the segment (G)  

D 
49.0 49.0 60.0 49.0 42.0 43.0 57.0 57.0 



- Table 6.16 (Continued) 

SaZicornia groups 

Characters 

S. doZichostachya 	S. nitens 	S. 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 96.4 84.0 104. 94 87.3 93. 88.3 	' 

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 

( 	D-F 	) 

10.8 2.89 13.7 - 4.0 - 5.0 8.3 

E+D-F 

8. 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 

12.0 19.7 15.0 17.0 29.0 39.0 33.0 29.0 

(E+D-F)  

9. Minimum width of the segment + 
length of the segment/ 2 x maximum 
width of the segment 	C+D 

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 

133.0 143.0 134.0 134.0 142.0 

, 
142.0 140.0 139.0 

2C)  ( 
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Table 6.16 	(Continued) 

Salicornia groups 

Characters 

S. dolichostachya S. nitens S. ramosissima 

decumbant erect erect erect erect strict more 
spreading 

still more 
spreading 

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

E 

740.0 493.0 565.0 625.0 329.0 250.0 286.0 310.0 

(E -F) 
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In the previous 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 variables 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 of 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 

separation 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 plots of the 8 types 

601 

20 _ 

of Salicornia analysed by Pricipal Component 

.Analysis(Based on their morphological characters). 

The continuous line encloses the same named species. 

269. 



270. 

E-F, and the fertile segment ratios B, +(D-F)' EEg~ as the mean 

values of these variables show marked differences between 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. However, this is do 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 characters, total number of primary branches from 

the main axis, number of fertile segments in the terminal spike, the 

fertile segment component D-F and the fertile segment ratios 
B' F. 

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 great 

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 conditions, 

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 number of primary branches 

from the main axis, length of the uppermost branch from the main axis 

and, probably, the terminal spike length, played an important role in 

the separation of these groups. 
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Figure 6.41 Shows the level of significance (t-test), between 

the four nitrogen levels for the measured vegetative 

characters of Salicornia dolichostachya (A) . 

TANK N0: : Nitrogen level 

3A 	: 5 p.p.m. 

4A 	15 p.p.m. 

	

5A 	: 45 p.p.m. 

	

6A 	: 135 p.p.m. 

NS 

* 

.05 (not significant) 

.05 to .01 

** .P .01 to .001 

*** P < .001 

1  • Shoot length 

3A s 4A ; 5A • 6A 

   

      

      

      

      

      

2' Root length 

3. Total number of primary branches 	4' Number of sterile segments 
from the main axis. 
	

in the main axis. 



_figure 6.41 
	

(Continued) 

3A. 4A t 5A : 6A ; 
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5. Length of lowermost branch 
from the main axis. 

6• Length of uppermost branch • 
from the main axis. 

7• Terminal spike length. 8. Number of fertile segments 
in the terminal spike. 

9• Angle of the uppermost branch 
• with the main axis. 

10• Angle of the lowermost 
branch with the main axis. 



3B 	4B 	5B, 6B 

3B 

4B 

5B 

6B 
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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).  

NS 	P > .05 (not significant) 	TANK NO. 	Nitrogen level 

* 	P 	.05 to .01 

** 	P 	.01 to .001 

*** 	P < .001 

1• Shoot length 

5 p.p.m. 

15 p.p.m. 

45 p.p.m. 

135 p.p.m. 

2. Root length. 

3. Total number of primary hranches 
from the main axis. 

4- Number of sterile segments 
in the main axis. 
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Figure 6.42 (Continued) 
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5. Length of lowermost branch 
	

6: Length of uppermost branch 
from the main axis. 	 from the main axis. 

7 • Terminal spike length. 	
• 	

8- Number of fertile segments 
in terminal spike. 

9. Angle of the uppermost branch 
with the main axis. 

10. Angle of the lowermost 
branch with the main axis. 
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Figure 6.43 
	

Shows the level of significance (t-test), between 

the four nitrogen levels for the measured vegetative 

characters of SaliOornia ramosissima (C). 

NS 	P > 	.05 (not significant) 	TANK NO. : Nitrogen level 

* 	P- 	.05 to .O1, 

** 	P 	.01 to .001 

*** P < .001 

3C 	: 5 p.p.m. 

4C 	: 15 p.p.m. 

5C 	: 45 p.p.m. 

6C 	: 135 p.p.m. 

1. Shoot length 2. Root length. 

3C 4C 5C.6C 

3. Total number of primary branches 
from the main axis. 

4- Number of sterile segments 
in the main axis. 



3C4C - 5C 	6C .  •I 

-Figure 6.43 (Continued) 
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5. Length of the lowermost branch 
	

6. Length of the uppermost 
from the main axis. 	 branch from the main axis. 

7. Terminal spike length. 	8. Number of fertile segments. 
in the terminal spike. 

• 

9. Angle of uppermost branch 
with the main axis. 

10. Angle of lowermost branch 
with the main axis. 



2. Root length. Shoot length. 1. 

7A 	8A 9A 	IOA 	, 7A' , 8A , 9A 10A 

7A 8A 9A IOA 
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7 Figure 6.44 Shows the level of significance (test) between. 

the four phosphorus levels for the measured vegetative 

characters of Salicornia do Uchostachya (A). 

NS 	P > .05 (not significant) 	TANK NO. 	Phosphorus level 

* 	P 	.05 to .01 	 7A 	2 p.p.m. 

** 	P 	.01 to .001 y  

	

8A 	4 p.p.m. 

*** 	P < 0.001 	 9A 	8 p.p.m. 

	

IOA 	: 16 p.p.m. 

3. Total number of primary branches 	4• Total number of sterile 
from the main axis. segments in the main axis. 



Figure 6.44 (Continued) 
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5. Length of the lowermost branch 	6. Length of the uppermost branch 
from the main axis. 	 from the main axis. 

7. Terminal spike length. 8. Number of fertile segments 
in the terminal spike.. 

7A 	8A 9A 10A 

9. Angle of uppermost branch 
	

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



7B 8B ,9B 10B 

279. 
Figure 6.45 	Shows the level of significance (t"test), between 

the four phosphorus levels for the measured vegetative 

morphological characters of Salicornia nitens (B). 

NS 	P > .05 (not significant) 	TANK NO. . Phosphorus level 

* 	P 	.05 to .01 	 7B 	2 p.p.m. 

** 	P 	.01 to .001 	8B 	4 p.p.m. 

*** P < 0.001 	 9B 	8 p.p.m. 

	

10B 	: 16 p.p.m. 

1. Shoot length 2. Root length 

3. Total number of primary branches 
from the main axis. 

4. Number of sterile segments 
in the main axis. 



Figure 6.45 
	

(Continued) 	
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5. Length of the lowermost branch 
	

6. Length of the uppermost branch 
from the main axis. 	 from the main axis. 

7B 8B 9B 10B 

7. Terminal spike length 8. Number of fertile segments-
in the terminal spike.. 

9. Angle of uppermost branch 
with the main axis. 

10. Angle of lowermost branch 
with the main axis. 



	

8C 	4 p.p.m. 

	

9C 	8 p.p.m. 

	

10C 	16 p.p.m. 

7C 8C 9C 10C 

• 
• 

111  

Root length. 2. 
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Figure 6 ,. 46 
	

Shows the level of significance (t-test), between 

NS P > .05 (not significant) 

* P .05 to .01 

** P .01 to .001 

*** P < 0.001 

7C 8C 	9C ' 	10C 

1. Shoot length. 

the four phosphorus levels for the measured vegetative 

characters of Salicornia ramosissima (C). 

TANK NO. 	Phosphorus level 

7C 	2.p.p.m. 

3. Total number of primary branches 
from the main axis. 

4. Number of sterile segments 
in the main axis. 
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Figure 6. .46
. 	

(Continued) 

5. Length.of lowermost branch 
	6. Length of uppermost branch. 

from the main axis. 	 from the main axis. 

7. Terminal spike length. 
	8. Number of fertile segments 

in the terminal spike.. 

9• Angle of uppermost branch 
	

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



11A' 12A" 13A'14A" 
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Figure 6.47 Shows the level of significance (y-test), between 

the four sodium chloride levels for the measured veget-

ative characters of Salicornia dolichostachwa 

NS 	P > .05 (not significant) 	TANK NO. : Nacl level 

* 	P 	.05 to .01 	11A' 	: 	5% 

** 	P 	.01 to .001 	12A' 	: 	1.3% 

*** 	P < .001 	 13A' 	: 	0.65% 

14A : 2.5% 

11A' 12A" 13A' 14A' 

1. Shoot length 2. Root length 

3. Total number of primary 
	

4. Total number of sterile segments 
branches from the main axis. 	in the main axis. 



11A.' 12ii" 13A, 14A' 

11A 12A*-.13A` 14A' 
1 

1 	1 

1 

11A`12A' 13A' 14A' 
1 

Figure 6.47 	(Continued) 
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5. Length of the lowermost branch 
from the main axis. 

6. Length of the uppermost branch 
from the main axis. 

7. Terminal spike length. • 8. Fertile segment number in the 
terminal spike. 

9. Angle of uppermost branch 
with the main axis. 

10. Angle of lowermost branch 

with the main axis. 



NS P > .05 (not significant) 

* P .05 to .01 
r. 

** P .01 to .001 

*** P < .001 

TANK NO. 	Nacl level 

11B` 	5% 

12B` 	1.3% 

13B` 	0.65% 

14B` 	2.5% 

,11B` 12B`, 13r, 14B` 11B` 12B`: 13Bn 14B1 
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Figure 6.48-:  -Shows the level of significance (t-test), between 

the four sodium chloride levels for the measured 

vegetative characters of Salicorhia nitens (B`) 

1. Shoot length 2  • Root length 

11B` 12B`13B` 1413` 

3. Total number of primary branches 	4. Total number of sterile segments 
in the main axis. from the main axis. 



11B" 12B 13B'14B' 

I 

11B'12B' 13B' 14B' 

11B"., 12B";  13B' 14W' 

1 	1 

1 

Figure 6.48. 	(Continued) 
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5. Length of the lowermost branch 
from the main axis. 

6. Length of the uppermost branch 
from the main axis. 

7. Terminal spike length • 8. Fertile segment number in the 
terminal spike. 

9• Angle of uppermost branch 
with the main axis. 

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



,11C`.12C',13C` 14C` 
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Figure 6.49 Shows the level - of significance (1t-test),, between 

the four sodium chloride levels for the measured 

vegetative characters of Salicornia ramosissima (6. 

NS P > .05 (not significant) TANK N0. Nacl level 

* P .05 to .01 11C` 5% 

** P .01 to .001 12C` 1.3% 

*** P < .001 13C' 0.65% 

14C' 2.5% 

11C' 12C' 13C' 14C' 

1. Shoot length 2• Root length 

3. Total number of primary branches 	4. Total number of sterile segments 
in the main axis. from the main axis. 
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Figure 6,49 	(Continued) 
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5. Length of the lowermost branch 
	

6. Length of the uppermost branch 
from the main axis 
	

from the main axis. 

7. Terminal spike length. • 8. Fertile segment number in the 
terminal spike. 

11C'12C 13C' 14C' 11C' 12C' 13C' 14C' 

9. Angle of uppermost branch 	10. Angle of the lowermost branch 
with the main axis. 	 with the main axis. 
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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). In the study 

of field responses a knowledge of the actual concentrations of nutrients 

in the field must be related to the scale of variation 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 soil 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 the 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 

collected from areas where a number 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 occupied similar 

habitats, and which might belong to similar types of SaZicornia. This 

was relatively easy to achieve on the Shingle Street marsh as it seems 

that most of the populations are physiographically distinct (Figure 7.1, 
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Figure 7.1 ; 	Diagrammatic map showing the locations of 

the soil sample collection sites at Shingle 

Street, Suffolk. 
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Table 7.1), but in the case of the: Warham marsh the SaZicornia populations 

or aggregations form a mosaic pattern. 

From each population five soil samples were taken. Each sample 

was about 7.0 cm. in diameter and 15 cm. 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 the 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. The 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 nitrogen, total phosphorus 

and sodium. The analyses were carried out according to the method adopted 

by Stewart et al.(1974). Solutions for the total nitrogen analyses were pre- 

pared by Kjeldahl digestion, using one tablet of sodium sulphate (each 

tablet contained lgm of Na2  SO4, supplied by BDH) as the catalyst. 

Nitrogen was estimated with an auto-analyser using the indophenol 

blue method. Phosphorus and sodium were extracted by a wet oxidation 

method utilising nitric 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.  

2.  

3.  

4.  

5.  

6.  

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 14  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. 

7.  



Table 7.1: (Continued) 
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Equivalent soil 
sample reference 
number 

Brief description of habitat 

II. Hayling Island 

(Northney),. 

Hampshire. 

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. 

1A, 1D, lE 

1B, 1C 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. 

2. Upper marsh - In this habitat Salicornia 
plants usually with red colour, soil was 
very moist, and away from the direct range 
of the tide. 



294. 

The analytical results for sodium were converted to p.p.m. by 

means of a standard curve. The results obtained in p.p.m. for nit-

rogen, phosphorus and sodium (Appendix, Tables A7.1-A7.3) are presented in 

the form of percentages. The following formula was used for trans- 

forming the p.p.m. reading. obtained from the graphs and curve in to 

percentages:- 

= C (p.p.m.) x solution volume (ml). 

104 	x sample weight (gm). 

7.1.3 Results:- 

The results from the 124 soil samples, from the three salt marshes 

(for each soil sample three sub samples were analysed), for total nit-

rogen, phosphorus and sodium are given in Tables 7.2-7.4 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 

considerably over each marsh, and in particular between the soil samples 

from the lower and the 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 example, the range of variation 

of the mean values for total nitrogen between the soil samples of 

lower marsh at Shingle street was 0.05% (0.24% - 0.29%), for Hayling 

Island, 0.12% (0.28% - 0.40%), and for Warham, 0.17% (0.09% - 0.26%) 

(Tables 7.2-7.4). For the upper marsh samples, corresponding values 

were, Shingle. Street, 0.12% (0.57% - 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 



Table 7.2 	Shows minimum, maximum, mean and standard deviation for total nitrogen, total 

phosphorus and sodium for the soil samples collected from SaZicornia populations 

on Shingle Street., Suffolk. 

The elements 

Soil sample 
number and habitat 

Total nitrogen (%) Total phosphorus (%) Sodium.(%) 

Minimum Maximum Mean S.D. Minimum Maximum Mean S.D. Minimum Maximum Mean S.D. 

Lower 

populations 

1.  0,24 0.28 0.26 
marsh  

+0.02 0.9 0.11 0.09 +0.009 1.12 1.33 .1.22 +0.08 

2.  0.21 0.28 0.24 +0.027 0.08 .0.09 0.09 +0.005 0.98 1.09 1.06 +0.04 

Lower 

middle 
marsh) 
populations 

3.  0.23 
marsh (or  

0.28. 0.26 +0.022 0.08. '0.09 0.09 +0.004 0.91 1.03 1.02 +0.08 

4.  0.27 0.33 0.29 +0.02€ - 0.09 0.10 0.09 +0.005 _ 0.80 1.01 0.91 +0.08 

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 

populations 

6.  0.36, 0.70 0.57 
marsh  

+0.13 0.66 0.08 0.07 +0.008 1.09 1.60 1.32 +0.22 

7.  0.60. 0.84 0.69 +0.09 0.10 . 	0.12. 0.11 +0.008 2.17 2.37 2.28 +0.11 



Table 7. 3 	Shows minimum, maximum, mean and standard deviation (S.D.).for total nitrogen, total 

phosphorus and sodium for the soil samples collected from Salicornia populations in 

Northney, Hayling Island. 

The elements 

Soil sample 
number and habitat 

Total nitrogen (7.) Total phosphorus (7.) Sodium (Z) 

Minimum Maximum Mean S.D. Minimum Maximum Mean S.D. Minimum Maximum Mean S.D. 

Lower marsh 

populations 

lA 0.26 0.30 0.28 +0.02 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 +0.13 

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 

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 

lE 0.33 0.43 0.39 +0.06 0.08 0.09 0.09 +0.006 1.04 1.2 1.12 +0.08 

Upper marsh 
populations 

2 0.56 0.67 0.63 +0.06 - 
* 

- - + 	- 
-' 

- - - + 	-  
-' 

* These values were omitted because most of the samples contents were lost during the 

digestion due to it's.sandy texture. 



Table 7.4 
	

Shows minimum, maximum, mean and 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 

Soil sample 
number and habits 

Total nitrogen (%) Total phosphorus (%) Sodium (%) 

Minimum Maximum Mean 'S.D. Minimum Maximum Mean S.D. Minimum Maximum Mean S.D. 

Lower marsh 

populations 

lA 0.09 0.15 0.09 +0.02 - * . 	- - + - - + - 

1B 0.17 0.23 0.19 +0.03 0.07 0.09 0.08 +0.01 0.64 0.75 0.71 +0.06 

1C 0.04 0.34 0.14 +0.15 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 - - - + - - - - + - 

lE 0.18 0.23 0.20 +0.02 0.06 0.09 0.08 +0.02 0.54 .0.89 0.72 +0.18 

Lower marsh 

populations 

2A 0.04 0.18 0.09 +0.05 0.04 0.06 0.05 +0.01 0.36 0.52 0.45 +0.08 

2B 0.23 0.32 0.26 +0.03 - - - + - - - - + - 

2C 0.03 0.12 0.06 +0.04 - - - + - - - - + - 

2D 0.16 0.24 0.18 +0.03 - - - + - - - - + - 

* See the note to the Table 7.3 



Table 7. 4 	(Continued) 

The elements 

Soil sample 
number and habitat 

Total nitrogen (%) Total phosphorus (%) Sodium (%) 

Minimum Maximum Mean S.D. Minimum Maximum. Mean S.D. Minimum Maximum Mean S.D. 

Lower marsh 

populations 

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 

3B 
(or middle marsh)  

0.09 0.15 0.12 +0.05 
- 

0.05 0.07 0.06 +0.007 
r  

0.56 0.83 0.67 +0.12 

3C 0.14 0.29 0.20 +0.05 0.06 0.06 0.07 +0.01 0.57 1.19 0.92 +0.27 

Upper marsh 

populations 

4A 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 0.24 0.22 +0.02 0.07 0.09 0.08 +0.007 0.63 0.74 0.68 +0.05 

4C 0.29 0.47 0.34 +0.07 0.09 0.11 0.10 +0.009 0.89 1.76 1.16 +0.40 

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 0.52. +0.09 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 hand, total phosphorus levels showed much less 

variation than total 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% - 0.12%), Hayling Island, 0.02% (0.07% -. 

0.09%), and Warham populations, 0.08% (0.04% - 0.12%). However, for 

the majority of the soil samples from the three salt marshes the 

phosphorus mean values ranged from 0.07% - 0.09%. 

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%), Hayling Island, 0.22% 

(0.9% - 1.12%), and in Warham population, 0.47% (0.45% - 0.92%). For 

upper marsh samples corresponding values were; Shingle Street 0.96% 

(1.32% - 2.28%), 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 analyses for 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 variation 

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 0.06% - 0.69% was obtained. Total nitrogen 

does not of course tell us much about the availability of the nitrogen 

to the plants, but it seems that the majority of the salt marsh soils 

analysed are low in their total nitrogen (At Rothamsted the limit of 0.25 

percent of nitrogen were considered for the old pasture on poor soil. While 

a rich pasture 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, and, from marsh to marsh. Such results, probably explain, 

in part, the low amount of 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 level of their optimum growth (Chapter VI). Indeed, 

from the results of the soil analyses and the greenhouse experiments 

(Chapter V and VI) nitrogen 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 terms of the vegetative characters used. Similarly, 

in the field, a narrow range of variation had been observed from the 

  

soil analyses. This range was 0.05% to 0.11%, as a minimum and maximum 

phosphorus mean value detected from the soils of the three marshes. 

However, the majority of the soil samples showed a range of 0.07% - 

0.09% phosphorus. From these values and the greenhouse experiments 

(Chapter V and VI), 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. 

Concerning 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. Generally, the range was 0.45% - 2.28% sodium as the min-• 

imum and the maximum values detected from the soils of the three 

marshes. The morphological behaviour of the Salicornia types grown 

in the greenhouse showed a significant reduction in their growth as 

the experimental levels of sodium chloride increased, (Chapter VI). 

In addition, the three types of Salicornia grown also demonstrated 

significantly different sensitivities to the experimental levels of 

sodium chloride, particularly in the range of 1.3% - 2•.5%, in terms 

of their vegetative characters. 

In this study no attempt has been made to determine the total 

nitrogen, phosphorus and sodium for the Salicornia plant tissues 

collected from the field. However, one might expect from the results 

of the greenhouse experiments, that sodium and, in particular total 

nitrogen would have a marked effect on the general morphology of 

Salicornia in the field. But, studies similar to the present one, where 

only a limited number of environmental factors (total nitrogen, total 

phosphorus, and sodium) 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 selected. From each population the vegetative 

characters of 15 well developed plants were measured (Appendix,Tables AT.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 ensure the plants phenotypically belonged 

to similar type, despite noticeable differences in their shoot size. 

However, this was found much easier to achieve in the lower part of the 

marsh. 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 shows the values for the vegetative characters of 

Salicornia populations IB and 1D, 2B and 2C (Warham). The Table 

clearly shows that the increase in their measurements is linked with 

the total nitrogen content. Salicornia plants from populations lA 

and lE (Hayling Island; Table 7.6) show a narrow range of variation in 

their total nitrogen and also a narrow range of variation is observed 

in their vegetative characters. Salicornia 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 0.63% - 2.88% 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 SaZicornia 

grown in the greenhouse, one might expect the sodium range in the field 



Table 7.5 
	

Shows the means (x) and standard deviation (S.D.) values for the morphological characters 

of Salicornia populations occupying soils differing in their total nitrogen content in the 

lower marsh region of Warham. 

Population number / 
tal nitrogen 

characters _Vegetative 

1D 

0.06% 

1B 

0.19% 

2C 

0.06% 0.26% 

2B 

x S.D. '.. 	x S.D.  x S.D. x S.D. 

1. Shoot length. 16.39 +2.89 24.06 ..+2.65 13.64 +2.63 21.33 +2.76 

2. Number of sterile segments in 
the main axis. 

12.53 +1.68 
- 

14.73 +1.90 
- 

10.13 +2.03 
- 

13.9 +2.13 
- 

3. Total number of primary branches 
from the main axis. 24.13 +4.03 - 28.8 +1.90 - 20.00 +4.00 _. 27.4 + ,_ 	 .53 

4. Terminal spike length. 2.39 +0.81 4.33 +1.78 3.3 +1.06 3.59 +0.94 

5. Number of fertile segments in 
the terminal spike. 

7.53 +2.75 12.00 +2.75 9.93 +2.81 10.50 +2.76 

6. Length of the uppermost branch 
1.43 +0.42 2.84 +1.30 2.02 +0.59 2.44 +0.64 

from the main axis. - - - - 

7. Length of the lowermost branch 
from the main axis. 

7.73 +2.73 
- 

8.66 +3.5 
- 

7.55 +1.44 9.63 +3.06 
-- 

8. Angle of the uppermost branch 
with the main axis. 

o 40 +10.0 39.29 +7.30 
0 

28.7 +4.42 
0 

31.0 +3.16 
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Table 7.6 	Shows the mean(x) and standard deviation(S.D.) values for 

the morphological characters of SaZicornia populations 

occupying soils differeing in their total nitrogen content 

in the lower marsh of Northney, Hayling Island. 

Population number - 
Total nitrogen 

Vegetative characters 

lA 

0.287 

lE 

0.397.. 

x S.D. x S.D. 

1. Shoot length 24.96- +3.63 28.97 +2.73 

2. Number of sterile segments 
in the main axis. 19.00 +2.75 - 19.2 +1.74 

3. Total number of, primary 
branches from the main axis. 27.60 +5.79 - 38.27 +3.69 - 

4. Terminal spike length. 2.56 +0.56 2.97 +0.49 

5. Number of fertile segments 
in the terminal spike. 8.1 +2.77 - 10.06 +1.75 - 

6. Length of the uppermost 
branch from the main axis. 1.58 +0.94 - 1.77 +0.42 - 

7. Length of the lowermost 
branch from the main axis. 14.05 +4.16 - 19.3 +4.64 - 

8. Angle of the uppermost 
branch with the main axis. 38.89 +6.00 - 41.43 +6.63 - 



Table 7.7 	Shows the means (x) and standard deviation (S.D.) 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/ 
.tal nitrogen 

Vegetative characters 

11 

0.28% 

12 

0.28% 

13 

0.25% 

14 

0.26% 

x S.D. x S.D. x S.D. x S.D. 

1. Shoot length 28.69 +2.64 26.03 +4.01 26.53 +2.25 27.62 +4.75 

2. Number of sterile segments 
in the main axis. 

16.8 +1.66 
- 

16.33 +2.06 
- 

16.73 +1.62 16.55 
. 	. 

+2.29 
_ 

3. Total number of primary 
branches from the main axis. 33.60 +3.56 - 32.53 +4.17 

- 
33.6 +2.41 

- 32.4 +4.88 
- 

4. Terminal spike length. 5.24 +0.88 . 4.05 +0.98 4.75 +0.88 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. - -. 

6. Length of the uppermost 
branch from the main axis. 3.00 +0.73 - 2.19 +0.75 

- 
2.59 +0.65 

- 
3.06 +1.04 

- 

7. Length of the lowermost 
branch from the main axis. 

12.46 +4.03 - 
10.52 +3.90 

- 
- + 	- 

- 
14.2 +4.67 

- 

8. Angle of the uppermost 
branch with the main axis. 52°  +5.60 - 50.67 +2.58 - 

56°  +10.56 
-- 

50°  +6.32 
-- 
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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 Salicornia plants 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 several environmental factors which may interfere 

with the uptake of nitrogen, such as hyper-salinity, due 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) believe that high salinity may reduce the uptake of 

phosphate and, more particularly, nitrate by Salicornia, resulting in 

a deficiency of chlorophyll and a reddish colour. However, 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 above discussion it can be concluded that the detected 

ranges of sodium and in particular, nitrogen over a single marsh and 

particularly from marsh to marsh could result in a significant effect 

on the morphology of Salicornia, 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 Salicornia. 

It was hoped that the study might cast some light on genetic 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 populations of Salicornia occuring 

naturally in the field were sampled during the months of September - 

October, 1976. The specimens were collected from the following marshes, 

Shingle Street, Suffolk ( TM 374 445 ), Warham, Wells next to the 

sea, Norfolk (942 44-45), Northney, Hayling Island, Hampshire (725039), 

and Pagham harbour, Sussex (875965). From each marsh the plants were 

collected randomly from the distinctive SaZicornia populations or 

aggregations in the upper and lower regions of each marsh. Then from 

each population or aggregation 10 - 15 well grown plants were collected 

from the centre of the community to ensure genetic uniformity as far 

as possible. Then the collected plant put in clean polythene bags 

and sealed, and brought to the laboratory as soon as possible. 

7.3.2. Experimental procedures:- 

The cut branches for the analysis were first washed with distilled water 

and then put in the well ventilated oven at 55°  - 60°  for 48 hours, 

and their phenolic glycosides analysed using the same technique men- 

tioned in Chapter IV. From each plant 0.1g. of dried powdered material 

was used. About 150 p 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 

chromatograms were developed two-dimensionally in BAW as the first 

solvent and 5% 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 variation was observed 

in the chromatographic patterns of individuals from the same population, 

this number was later reduced to 3 - 5 plants from each population. 

7.3.3. Results  

The results of surveying the 52 populations of Saticornia, 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 procumbens group. Since these 

two plant groups are often separated ecologically (S. europaeā group 

in the upper 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, Well~ next to the sea, Norfolk; Pagham harbour, Sussex and Northney, Hayling Island. 

Spots colour in U.V. + NH3 
Saltmarsn and 
name and 
population 

1. Shingle Street. 

Lower marsh 

populations 

Upper marsh 

populations 

III + + ... '- '+ + + 

v + + + + + + 

VI + + + + + + 

VII + + + + + + + 

xc + + + + + + 

XI + + + + + + + 

XII + + + + + + 

XIII + + + + + + + 

XIV + + + + + + + 

I + + + + + 

11 + + + + + 

IV + + + + + + 

VIII + + + + + + 

IX + + + ,+ + + + 

* See page 12 1 

+ + + + + '+ +~ + + + + 

+ + + + + + + + 

,+ + + + + + + + + 

+ + + + + + + + 

+ + + + + + + + + + + - . 

+ + + + + + + + + + + 

+ + + + + + + + + + 

+ + + + + + + + + 
- -- -------------------- - ---

+ + ... + + + + + + + + + 

+ + + + + + + + + 

+ ',+ + + + + + + + 

+ -' + + + + + + + + 

+ + + + + + + + 

+ + + + + + +- + - + 

+ 

+ 

, ~ .... __ , .. _"_4' ~~-._: ............. ~.'-'O'- ... < , .... _ ... _ ... , .............. ~ ..... __ • __ ~._"" ..... -..-.._ •• ,.._.~.>.;'--.--. ----.. ~ .. ----.--'-'.-...... --.. - .----:-...... -........... ,.~.--------.~.-.-- ... '-"''''''-- ,---.. ----.-.-... -~ ... ~-~- .. ----, .... --~ ...... --.------.-."---- ,-, _.", -. 

+ 

+ 
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Table 7. 8 , 

Spots colour, in U.V. 

1. Shingle Street 

upper marsh 

o ulations 

2. Warham 

Lower marsh 

populations 

Lower marsh 
populations 

and 

(Continued) 

+ + 

XB + + + + 

lA +' + + + + + + 

lB + + + + +' + + 

lC + + + + + + + 

ID + + + '+ + + + 

lE + + + + + + + 

lEZ + + + + + + + 

2Al + + + + + + + 

2AZ + + + + + + + 

2B + + + + + + + 

2B + + .+ + + + + 

2C + +' +'+ - '+ + + 

+ + + + + + 

+ + + + + + + 

+ '- + + '+ + + + + + + + + + + 

+ '--' + '+ +' + + + + + + - + + + + 

+ + + + + + + + + + + + 

+ + +' '+ + + + + + + 

+ + + + '- + + 

+ + + + + + 

+ + + + + + + + + + 

+ - + ++ + + + + 

+ + + + + + + + + + + 

+ ++' +- + + + + + + + 

+ + + + + + - '+ + - + + + + + + 



Table 7 •. 8. -(Continued) 

colour in u.v. + 

and 
name and 

reference 

2. Wa~ham population 

2C + + + + - + + + + + + +. - + + + + + - + + + + + 

Lowermarsh 2Dl 
+ + + + - + + + + + + + + + + + + - + + + + .+ 

populations 2D + + + + .- + + + + + + + + + + + + 

2D + + + - - + + + + + + + + + + + + 

3A + + + + - + .+ + + + + - - - + + + + 
,.-"'t'" - + 

Lowermarsh 3B .+ ... .+ + - + + + + + + + + - - - + + - + + + of. 

(middle marsh) 0pulations 3C +. + + + -" + + + + + + + + + + + - + + + 

4A +- - - + + + - + +" - + + -- -- ---- .-. - ... - + 

Upper marsh 4 B + + of. + + + + ~ + + - - - + + + 
populations 4 Hz + + - - + + .- + - +" +. + - + 

4C" + .... '- - - + 4- .+ + - + - + + - - - - + + 

4.C2 + - '- + + + - + .+ . + - .... - - + 
4D + + + + + + + + + + + 



Table 7. 8 	(Continued) 

Spots colour in U.V. + NH3 

Saltmarsh 	and 

name and 	number 

population reference 

0 4 	Av
. 0 

,v 
~~ w~ 	 t

.. 	 • 	 ' 
~, N + 1 N N 	 ~" 	.'~ 	0 	• Ō 

i, c~~fiNAN MMMMMMM,WMPAIMMIN AWMWW,W,N 
. 3. Pagham harbour 

Lower marsh 

II  + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ - 	+ 	+ 	- 	+ 	 

III  + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	+ 	+ 	+ 	+ 	+ 	+ 	- 	+ 	- - 	+ 	+ 	 
IV + 	+ 	+. + 	- 	'+ 	+ 	+ 	- 	+• - 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- - 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	- _ 

Upper.,marsh 

V  +. + 	- 	- 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	- - 	+ 	+ 	 
VI  + 	+ 	- 	- 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	- 	+ 	- 	+ 	+ 	+ 	+ 	- 	- 	+ 	+  	+ 
VII  + 	+ 	- 	- 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ .+ 	- 	- 	+ 	+ 	_ 	+ 
VIII -+ 	+ 	- 	- 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- - 	+ 	+  	+ 

4. Northney, Hayling 
Island. 

Lower marsh 

populations 

, 

lA  + 	- 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	 

_1B  + 	+ 	+ 	+ 	- 	+ 	+. 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	- 	+ 	- 	+ 	 
1D  + 	- 	+ 	+ 	- 	. 	+ 	- 	- 	+ - 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 	+ 	- 	- 	- 	- 	+ 	_ 	- 	- 
1E1 + 	+ 	+ 	+ 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+  	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 
1E2 + - 	+ 	+ 	-, 	- 	+ 	- 	- 	+ - 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	- 	- - 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 



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 Shingle Street populations 

show that spots numbered l (orange-yellow in ultra violet with 

ammonia) 7, 8 (Fluorescent yellowish-green in ultra violet with 

ammonia), 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 violet with 

ammonia) were found in almost all the populations analysed. The 

spots numbered 3 and 6 (orange yellow in ultra violet with ammonia) 

were more frequent in the chromatograms of the lower marsh populations 

(Table 7.8). 

In the Warham population (Table 7.8) it is found that the 

spots numbered 1, 7, 8, 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). 

313. 



0.1 0.2 0.3 0.4 0•5 0.6 0.7 0.8 0.9 1.0 

2nd 
RF IN 5 0/0  AQUEOUS ACETIC ACID 

Figure 7.2 Master chromatogram of the phenolic glycsides 

spots detected from the analysed populations of 

Salicornia spp.. 
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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,aild 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. In 

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, 8, 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 in each marsh differed, in general, between those 

of lower marsh and upper marsh populations. It seems that this diff-

erence is mainly due to 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 similarity in their chromatographic 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 and 26 (yellow in U.V. + NH3) were found in most of 

Warham populations, none of Shingle Street populations showed these 

two spots, whilst only individuals of one population 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 frequently in the Shingle Street and Pagham 

populations. The chromatographic patters of the Shingle Street 

populations sometimes contain spot number 11 and, in particular, 5 

(blue in U.V. + NH3). However, none of the Warham populations showed 

spot number 5, and only individuals of one population (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 presence of uncorrelated 

spot or spots which, are absent in the chromatograms of the other 

populations from the 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 chromatograms of populations. 2C,2C2, 2D1, 

2D2  and 2D3  from Warham marsh, but none of the other population 

analysed in this study showed these spots, (Table 7.8). 

On the same line, it seems worth while to point out that comparison 

between the two master chromatograms from the field studies with that 

from SaZicornia plants grown in the greenhouse, reveals that the 

spots numbered 9, 12, 22, 25 and 28 (blue in U.V. + NH3), found in 

individuals from the cultured, were not found in the chromatograms 

for the field populations. On the other hand, spots numbered 30 

OF  values, in BAW 0.1 in 5% HOAC 0.82),. 32•:(RF  values, in BAW 0.71, in 5% HOAC 

0.67), (blue in U.V. +NH3) and 31 (R values, in BAW 0.22, in 5% 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 were mainly determined by the 

chromatographic spots which showed variation among the populations 

analysed, in other words the spots which were either always absent 

or were always present in Table 7.8 were dropped from the analysis. 

From the latent vector table (Appendix, Table 47.8), it seems spots 

numbered 2, 17, 18, 16 and probably 21, 26 and 27 are 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 shows very clearly that the upper marsh and the lower 

marsh populations are occupying rather different parts of the plot, 

forming two main groups. 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 chromatographic results (Chapter IV), 

such variation in the chromatographic results seem to follow from 
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Figure 7.3 : Diagram shows the scatter plots of the 52 Salicornia 

populations analysed by Principal Component Analysis 

(Based on. their phenolic glycosides). 
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differences in chromosome number and morphology. However, the majority of 

the lower marsh population 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 the 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 are 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 is, presumably, 

due to the phenomenon that a number of Salicornia populations (one or 

more) from one marsh able to produce spot or spots, which cannot be 

detected in other marsh populations, and vice versa. 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 members 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 population differentiation and that what one call species 

X in one place is not identical with what one calls species X in another. 

This is probably due to the genetic separation, which is expected to be 

high between SaZicornia populations, since a high number of the seeds, 

are self fertilized (Knuth 1909, Ball 1960, Dalby 1962, Fregreson 

1964). In addition, SaZicornia 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. 
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SUMMARY 

Introduction:- 

The genus SaZicornia belongs to the family Chenopodiaceae and 

like many other genera in the family it is a halophyte. The genus 

may be considered 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 terminated by shorter ones 

known as 'fertile segments' which form 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 maturity 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 ecosystem (e.g. competation, aeration, nutrient avail-

ability, salinity), appear to be responsible for most of the taxonomic 

confusion experienced in the genus. Thus over the last century there 

have been very 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. procumbens based on studies of British Isles 

coasts. Though some of these species can be recognised in the field 

(e.g. S. pusilla, S. ramosissima), it is quite easy to find field 

specimens which cannot be classified satisfactorily 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 by these 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 the 

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 achieve uniform growth 

conditions by adapting an automatic subirrigation sand culture tech-

nique. 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 nutrient reservoir to raise 

the solution to the culture tank- situated above it. The nutrient 

reservoirs were all connected 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 (1938). Salinity levels were adjusted in the sol-

utions by the addition of the appropriate weight of sodium chloride. 

The new complete solution was prepared on the same day as the previous 

solution needed to be changed. The sand used in the growth 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 cultured SaZicornia types produced well developed 

branches, flowers 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 



323. 

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 (+ 5°C) 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 theeflowering 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 S. europaea. Of the gross morphology char- 

acters studied, only two ratios C2B D 	and 
B 
(principally 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 chromatograms 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 chromatograms (apart 

from the very distinct S. pusilla). Principal 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 range of the latter. However, more 

variation was observed among S. europaea than among S. dolichostachya. 

Almost all the specimens in the S. europaea group proved to be 

diploid, and all those in S. 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 Salicornia. 

Two-dimensional chromatograms of the phenolic acid and simple phenols 

proved to be of little taxonomic 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 few variation seen could not be correlated with ex-

perimental treatments. 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 morphology, 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 less 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 (0.65% - 5%). 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 those associated with the inflorescence (e.g. terminal spike 

length, number of fertile segments in the terminal spike, etc.,) showed 

their optimum growth at 15 p.p.m. nitrogen. The angle of the uppermost 

branch and the lowermost branch with the main axis remain unaffected. 

The phosphorus experiment produced much less effect on morphology and 

no obvious correlation was observed with the phosphorus levels. 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 apical characters (terminal spike length, number of fertile 

segments in the terminal spike and the length of the 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 SaZicornia, 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 generally assumed to a limiting factor to growth of plants 

and seed maturity. 

2. No equivalent mechanism development for tolerance of low 

phosphorus levels, probably 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 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 and 

terminal spike length) emerged as being additionally useful in sep-

arating different genetic lines. 

Field studies : soil analyses from Salicornia populations:- 

Soils from three salt marshes were analysed for total nitrogen, 

total phosphorus and sodium, using samples collected from the neigh- 

bourhood of annual Salicornia colonies. In general they show an increase of 

nitrogen and sodium with height up the marsh but with great variation 

at upper levels of the marsh. This trend was not so clearly detected 

in phosphorus levels. It is not easy to compare soil nutrient levels 

with those used in the greenhouse experiments because the values 

for the former include a proportion that is not available for plant 

growth. Field levels are nevertheless low. 	The majority of the 

analysed soil samples had total nitrogen ranging from 0.09% - 0.29% 

compared with fertile inland soils with values of 0.4% - 0.6%. 

Populations of Sa-icornia collected from sites on the lower region 

of two marshes (Warham, Wells - next to the sea, Norfolk and Northney, 

Hayling Island) with very different soil nitrogen levels showed corr-

esponding variation in each of some 7 morphological characters, with 

increased growth being found every time in the sites with higher ni-

trogen. In contrast, lower populations from a third marsh (Shingle 

Street, Suffolk), at sites with very similar nitrogen levels, show 

very little variation in these same characters. These observations 

reinforce the conclusions from the greenhouse experiments that nitrogen 



is a limiting factor for the growth of Salicornia. 

Field studies : chromatography of field populations:  

Field samples of Salicornia 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 from 

the Principal Component Analysis showed the plants aggregating into 

two areas on 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 differs 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 _ 	Measurements of the vegetative characters for 

the plants belonging to Salicornia europaea type, 

(from different localities). Growth experiment 1974. 

1. Shoot length 

TANK 
NO. 

N Min , Max Mean S.D. -2S +2S Variance 

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 

16B 4 39.30 42.30 40.85 +1.27 38.31 43.39 1.610 

2. Total number of primary branches from the main axis. 

TANK. 
NO. 

N Min'. Max Mean S.D. -2S +2S Variance. 

2B 12 54 76 68.33 +7.08 54.18 82.48 50.060 

4B 11 38 44 40.55 +2.38 35.78 45.30 5.673 

6B 15 18 46 54.80 +2.91 48.98 60.62 8.457 

8A 14 12 56 38.36 +14.02 10.32 66.39 196.555 

9B- 15 52 66 61.20 +3.36 54.47 67.93 11.314 

16B 4 60 64 63.00 +2.00 59.00 67.00 4.00 

3. Number of sterile segments in the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B. 12 23 40 34.58 +4.59 25.42 43.75 20.992 

4B 11 19 24 21.46 +1.29 18.87 24.04 1.673 

6B 15 26 31 28.13 +1.50 25.12 31.14 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 

16B 4 28 33 31.25 +2.22 26.82 35.69 4.917 
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Table A 3 ►1 .Continued 

4. Terminal spike length 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 12 3.3 6.2 5.29 +0.96 3.37 7.22 9.926 

4B 11 0.8 3.2 1.85 +0.89 0.07 3.62 0.785 

6B 15 8.4 5.5 4.52 +0.59 3.35 5.69 0.342 

8A 15 0.4 10.8 3.03 +3.00 -2.97 9.04 9.00 

9B 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 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 12 12 25 21.75 +4.18 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 +10-30 -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 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 12 3.0 4.8 3.99 +0.53 2.94 5.04 0.280 

4B 11 2.0 5.7 3.45 +1.36 0.73 6.16 " 1.849 

6B 15 3.8 5.1 4.52 +0.49 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 

16B 4 2.9 3.2 3.08 +0.15 2.78 3.38 0.023 



347. 
Table. A.3 .1. Continued:- 

7. Length of the lowermost branch from the main axis. 

TANK N Min Max Mean S.D. -2S +2S 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 ....24.2 ...34.8.. 29.33 +4.67 19.98 38.67 21.849 

8. Angle of the uppermost branch with the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 12 20: 40 29.17 +6.34 16.49 41.84 40.152 

4B 11 30 50 39.09 +5.39 28.30 49.88 29.090 

6B 15 25 30 28.67 +2.29 24.08 33.24 5.238 

8A 14 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 

16B 4 50.00 +8.17 33.67 66.33 66.667 

9. Angle of the lowermost with the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 9 40 50 43.33 +4.33 34.67 51.99 18.750 

4B 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 

8A 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 

16B 4 50 65 58.13 +6.25 45.63 70.63 39.063 
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Table A.3.1 	Continued:- 

10. Length of the sterile segment below the terminal spike 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 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 

16B 4 0.4 0.8 0.58 +0.20 0.16 0.99 0.043 

11. Length of the sterile segment in the lower part of the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

2B 12 1.2 1.7 1.37 +0.18 1.01 1.72 0.032 

4B 11 1.5 1.6 1.52 +0.04 1.44 1.59 0.002. 

6B 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 

9B 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 
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Table A„3.:2' 	Measurements of the vegetative characters for - the 

plantsbelonging_to SaZicornia europaea type, (from 

one population). Growth experiment 1974. 

1. Shoot length. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

1B 15 40.20 54.30 47.20 +3.91 39.39 55.02 15.270 

2A 10 36.90 50.40 45.05--. +10.79 34.26 55.84 29.092 

5B 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 21.20 51.60 36.93 +11.28 14.37 59.49 127.227 

15B ..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 
NO. 

N Min Max Mean. S.D. -2S +2S Variance 

1B 9 42 75 53.13 +8.26 36.63 69.64 68.124 

2A 10 44 72 54.10 +8.55 37.01 71.19 72.989 

5B 11 20 28 23.18 +2.49 18.22 28.15 6.164 

7B 15 38 58. 49.87 +6.74 36.39 63.34 45.409 

11A 10 20  47.50 +20.97 5.56 89.44 439.833 

15B 10 40 72 47.20 +9.75 27.70 66.70 95.067 

3. Number of sterile segments in the main axis. 

TANK 
NO. 

N 	Min Max Mean S.D. -2S +2S- Variance 

1B 15 21 30 26.07 +3.82 20.24 31.89 8.495 

2A 10 20, 33 27.10 +4.84 17.42 36.78 23.433 

5B 15 9 15 10.60 +1.64 7.32 13.88 2.686 

7B 15 20 30 25.07 +3.58 17.92 32.22 12.781 

11A 10 9 38 23.90 +10.03 3.85 43.95 100.544 

15B 	. 10 20 31- 25.50 +4.25 17.00 33.99 18.056 
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Table A3.2 	Continued:- 

4. Terminal spike length. 

NO. 
TANK 	N 	Min 	Max 	Mean 	S.D. 	-2S 	+2S 	Variance 

1B 	15 	2.8 	4.7 	3.63 	+0.54 	2.54 	4.72 	0.296 

2A 	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. 

NO. 
TANK 	N 	Min 	Max 	Mean 	S.D. 	-2S 	+2S 

1B 	15 	14 	22 	17.80 	+2.43 	12.95 	22.65 	58.857 

2A 	10 	9 	19 	13.60 	+3.47 	6.66 	20.54 	120.44 

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 

15B 	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 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

1B 15 2.0 3.2 2.54 +0.41 1.72 3.36 0.168 

2A 10 0.6 2.3 1.42 +0.50 0.42 2.42 0.250 

5B 15 1.7 7.3 3.86 +1.67 0.52 7.19 2.789 

7B 15 1.7 8.5 6.30 +1.98 2.36 10.25 3.920 

11A 10 0.5 5.1 1.52 +1.44 -1.35 4.39 2.074 

15B 10 1.2 3.0 2.08 +0.52 1.05 3.11 0.270 
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Table A.3.2 	Continued:- 

7. Length of the lowermost branch from the main axis. 

TANK N Min Max Mean S.D. -2S' +2S Variance 
NO. 

1B 8 18.5 36.7 28.69 +5.77 17.15 40.23 33.296 

2A 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 

11A 9 5.9 38.9 19.54 +10.90 -2.25 41.34 118.743 

15B 9 20.8 ..46.5 .29.96 +8.79 12.37 47.55 77.348 

8. Angle of the uppermost branch with the main axis. 

TANK 
NO. 

N Min...._ Max Mean S.D. -2S +2S Variance 

1B 15 30°  50°  46.67 +6.17 34.32 59.01 38.095 

2A 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 

11A 10 30°  90°  59.50 +16.74 26.02 92.98 280.278 

15B 10 50°  . 	70°  56.25 +8.27 39.70 72.79 68.403 

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

TANK 
NO. 

N Min Max Mean S.D. -2S +2S' Variance 

18 15 50 60 52.00 +4.14 43.72 60.28 17.143 

2A 10 40, 50 48.00 +4.05 39.90 56.09 16.389 

5B 14 30 50 39.29 +9.17 20.95 57.62 84.066 

78 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 55 47.22 +5.66 35.92 58.53 31.944 
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Table A.3.2 Continued:- 

10. Length of the sterile segment below the terminal spike. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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. +0.50 0.07 2.09 0.255 

7B 15 0.4 1.0 0.77 +0.24 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 segment in the lower part of the. main axis. 

TANK 
NO. 

N 
• 

Min Max Mean S.D. -2S +2S Variance 

IB 15 1.3 2.0 1.59 +0.22 1.17 2.02 0.045 

2A 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 

7B 15 1.5 1.8 1.66 +0.09 1.49 1.83 0.007 

11A 10. 1.3 2.2 1.58 +0.25 1.08 2.08 0.062 

15B 10 1.4 1.9 1.74 +0.15 1.44 2.04 0.023 



•'$53. 

Table A 3.-3 
	

Measurements of the vegetative characters for the 

plants belonging to Salicornia dolichostachya type, 

(from different localities). Growth experiment 1974. 

1. Shoot length. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

10B 9 41.00 57.00 49.42 +5.18 39.07 59.78 26.814 

11B 11 42.50 51.10 48.14 +2.99 - 42.14 54.13 8.967 

12B 8 34.40 50.40 41.54 +4.74 32.05 51.02. 22.497 

13B 15 39.50 55.50 49.44 +4.45 40.55 58.33 19.775 

14A 15 44.80 60.00 52.20 +4.50 43.21 61.20 20.235 

2. Total number of-primary-branches from the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S 	Variance 

10B 9 46°  66 58.22 +9.52 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 

13B 15 46 74 62.53 +7.84 46.86 78.20 	61.409 

14A 15 48 80 61.20 +9.59 42.03 80.37 	91.886 

. Number of sterile segments in the main axis. 

TANK 
NO. 

N Max Mean S.D. -2S +2S Variance 

10B 9 21 34 28.78 +4.24 20.30 37.25 17.944 

11B 11 27 33 30.09 +2.26 25.58 34.60 5.090 

12B 8 23 36 27.50 +5.29 16.92 38.08 28.000 

13B 15 24 39 33.13 +3.67 25.81 40.46 13.409 

14A 15 21 42 31.40 +5.57 20.27 42.53 30.971 
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Table A 3.3 
	

Continued:- 

4. Terminal spike length. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 

13B 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 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 6.30 1.513 

14A 15 1.5 3.6 2.77 +0.79 1.19 4.34 0.624 
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Table A.3.3' 	Continued:- 

7. Length of thelowermost branch from the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S _ 	+2S Variance 

10B 7 21.6 46.2 36.49 +8.25 19.98 52.99 68.121 

11B 11 14.6 32.2 23.98 +6.35 11.29 36.67 40.262 

12B 7 18.0 38.8 30.29 +6.84 16.60 43.97 46.79 

13B 15 15.2 51.7 33.68 +25.20 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 the uppermost branch with the main axis. 

TANK 
NO. 

N Max Mean S.D. -2S +2S Variance 

10B 9 25°  35 29.44 +3.00 23.44 35.45 9.028 

11B 11 30° 50°  40.90 +5.89 30.12 52.69 29.090 

12B 8 20°  30°  23.75 +5.18 13.39 34.10 26.79 

13B 15 35° 50° 40.00 +7.79 24.42 55.58 60.71 

14A 14 250  50°. 34.64 +9.50 15.64 53.64 90.247 

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

-2S 	+2S TANK 
NO. 

N Min Max Mean S.D. 

10B 7 45.0 50 47.14 +3.93 39.28 55.01 15.476 

11B 11 40.0 60 49.77 +4.54 40.70 58.84 20.568 

12B 7 45.0 55 50.71 +3.46 43.81 57.62 11.905 

13B 15 50 60 52.67 +4.19 44.33 61.05 17.381 

14A. 12 35 60 50.00 +6.03 37.94 62.06 36.364 
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Table A 3.3 	Continued:- 

10. Length of the sterile segment below the terminal spike. 

TANK 
NO. 

N Clin Max Mean S.D. -2S +2S Variance 

10B 9 0.5 1.4 0.78 +0.32 0.14 1.42 0.102 

11B 11 0.5 1.1 0.76 +0.17 0.42 1.09 0.029 

12B 8 0.5 0.9 0.74 +0.14 0.46 1.02 0.019 

13B 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 0.17 0.79 0.25 

11. Length of the sterile segment in the lower part of the main axis. 

TANK N Min 
NO.  

Max Mean S.D. -2S +2S Variance 

10B 9 1.3 1.8 1.46 +0.15 1.15 1.76 0.023 

11B 11 1.5 1.8 1.70 +0.09 1.52 1.89 0.009 

12B 8 1.2 1.6 1.40 +0.13 1.14 1.66 0.017 

13B 15 1.1 1.5 1.23 +0.13 0.97 1.48 0.016 

14A 15 1.3 1.8 1.47 +0.12 1.24 1.70 0.014 
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Table A-3.4• 	Measurements of the vegetative characters for the 

plants belonging to SaZicornia dolichostachya type, 

(from one population). Growth experiment 1974. 

1. Shoot length 

TANK 
NO. 

N Min Max -Mean S.D. -2S +2S Variance 

3A 9 28.50 45.00 34.86 +6.09 22.69 47.01 36.950 

4A 9 34.00 40.70 35.92 +2.68 30.57 41.28 7.167 

7A 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 axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S 	+2S 	Variance 

3A - - - - - 	- 

4A 9 40.00 52.0 42.67 +7.35 27.97 	57.36 	54.000 

7A 15 37.00 52.00 43.40 +4.33 34.76 	52.05 	18.686 

12A 8 24.00 48 32.50 +8.67 15.16 	49.84 	75.143 

15A 7 28.00 50.00 38.86 +7.67 23.52 	54.19 	58.809 

3. Number of sterile segments in the main axis. 

TANK 	N 	Min 	Max 	Mean 	S.D. 	-2S 	+2S 	Variance 
NO. 

3A 	- 	+ 
4A 9 18 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 11 25 18.63 +4.75 	. 9.13 28.12 22.554 

15A 7 12 24 18.86 +7.04 4.79 32.93 49.476 



NO. 
Min Max Mean S.D. -2S +2S Variance 

3A 9 12 27 17.22 +5.83 5.57 28.88 33.944. 

4A 9 9 19 13.44 +3.94 5.56 21.32 15.52-4_. 

7A 15 7 19 13.33 +3.70 5.94 20.73 13.667 

12A 8 8 16 12.50 +3.38 5.74 19.26 11.429 

15A 7 6 19 12.29 +4.96 2.37 22.20 24.571 

N 
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Table A 3.4 	Continued:- 

4. Terminal spike length 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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. 

6. Length of the uppermost branch from the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 +0.90 -0.45 3.17 0.810 

15A 7 0.8 3.5 1.80 +1.05 -0.29 3.89 1.103 
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Table A.3.4 Continued:- 

7. Length of the lowermost branch from the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

3A 9 13.2 39.0 25.30 +8.25 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 

I2A 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 
NO. 

N Min Max Mean S.D. -2S +2S 	Variance 

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 

7A 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 

15A 7 40i 80°. 57.14 +14.68 27.79 86.50 	215.48 

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

TANK 	N 
NO. 

Max 	Mean S.D. -2S +2S Variance 

3A 9 45 67.5 	47.50 +8.50 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 

12A 7 47.5 52.5 	50̀.36 +2.67 45.01 55.70 7.143 

15A 5 50.0 70.0 	59.00 +8.95 14.11 76.89 80.000 
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Table A 3. 4 	Continued:- 

10. Length of the sterile segment below the terminal spike. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

3A 9 0.6 1.2 0.77 +0.21 0.34 1.19 0.045 

4A 9 0.2 0.6 0.40 +0.15 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 +0.19 0.26 1.02 0.036 

11. Length of the sterile segment in the lower part of the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

3A 9 1.4 1.9 1.59 +0.18 1.24 1.94 0.031 

4A 9 1.2 1.5 1.33 +0.09 1.16 1.50 0.008 

7A 15 1.2 1.8 1.41 +0.22 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 1.4 1.30 +0.08 1.14. 1.46 0.007 
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Table A 3.5 
	

Measurements of the vegetative characters for the 

plants belonging to Salicornia ramosissima type, 

(from different localities). . Growth experiment 1974. 

1. Shoot length 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 primary branches from the main axis. 

TANK 
NO. 

N Min ...• 	.Max Mean.. S.D. -2S +2S Variance 

9A 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 sterile segments in the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

9A 6 26 36 33.50 +4.09 25.33 41.68 16.700 

10A 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. Terminal spike length 

TANK 	N 	Min 	Max 	Mean 	S.D. 	-2S 	+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 +4.13 -3.01 13.52 17.086 
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Table A 3.5_ Continued:- 

5. Number of fertile segments in the terminal spike. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 
NO. 

N Min Max Mean S.D. -2S +2S 

9A 6 0.5 1.00 0.68 +0.19 0.29 1.07 0.036 

10A 10 0.7 1.6 1.02 +0.26 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 lowermost branch from the main axis. 

TANK 	N 	Min 	Max 	Mean 	S.D. 	-2S 	+2S 	Variance 
NO. 

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 the uppermost branch with the main axis. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

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 +3.46 18.81 32.62 11.905 



TANK 
NO. 

N Min Max Mean -2S +2S Variance 

9A 6. 40 50 47.50 +4.19 39.13 55.87 17.500 

10A 10 30 55 45.00 +7.45 30.09 59.90 55.556 

16A 6 40 60 50.42 +7.97 34.47 66.36 63.542 

•S.D. 

363. 

Table A.3.'5 Continued: 

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

10. Length of the sterile segment below the terminal spike. 

TANK 
NO. 

N Min Max Mean S.D. -2S +2S Variance 

9A 6 0.2 0.9 0.40 +0.25 -0.10 0.90 0.064 

10A 10 0.2 0.6 0.45 +0.14 0.18 0.72 0.018 

16A 6 0.5 , 1.5 0.87 +0.49 -0.12 1.85 0.243 

11. Length of the sterile segment in the lower part of the main axis. 

TANK 
NO. 

N Min .Max Mean S.D. -2S +2S Variance• 

9A 6 1.3 2.0 1.53 +0.26 1.02 2.05 0.067 

10A 10 1.2 1.9 1.38 +0.21 0.96 1.80 0.044 

16A 7 1.4 1.8 1.53 +0.16 1.20 1.85 0.026 



Table A3,6 . 	Shows mean (x), standard deviation (S.D.). and standard error of the mean (S.E. x) 

of stomata length, pollen grain dimension and anther length for plant groups cultivated 

in 1974. (Measurements expressed as um) 

TANK 
NO. 

Stomata length Pollen grain dimension Anther length 

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 75.27 +1.86 

7A 10 2.88 +0.14 +0.04 10 2.82 +0.12 70.04 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 
15A 10 3.33 00.33 70.10 7 2.89 +0.07 +̀0.03 8 56.75 +5,66 +2.00 
10B 9 	_ 3.39 O.53 +0.18 9 2.91 . 	70.09 '+0.03 9 56.11 +3.87 +1.29 
11B 10 3.54 +0.40 +0.13 9 2.78 +0.16 +0.05 9 56.54 +5.54 +1.85 
12B 8 3.45 +O.45 +0.16 10 2.97 70.07 +0.02 5 62.24 +5.93 +2.65 
13B 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 +0.15 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 +0.18 +0.06 10 40.32 +3.02 +0.96 
2A 10 3.04 +0.22 +0.07 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 70.05 10 38.10 +3.09 +0.98 
7B 10 3.66 +0.29 +0.09 10 2.64 +0.14 

' 
70.05 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 
15B 10 3.59 +0.25 +0.08 10 2.69 +0.20 +0.06 10 41.76 +4.14 +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--- 5.7.24_ 	_ 74.69_- +1.51 
6B 10 3.22 +0.18 70.06 10 2.39 +0.13 70.04 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 +2.91 +0.92 
16B 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. 



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 
NO. N 

A *  B C D E F 
w 

G 

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 +0.32 
7A 15 2.68 +0.19 2.49 +0.27 2.38 +0.20 1.65 +0.38 1.41 +0.33 1.17 +0.35 0.71 +`0.24 

12A 8 3.08 +0.33 2.96 +0.35 2.68 +0.28 1.98 +0.30 1.69 +0.20 1.51 +0.25 1.16 +0.30 
15A 8 3.24 +0.27 3.20 +0.26 2.80 +0.20 2.14 +0.18 1.75 +0.17 1.45 +0.23 1.09 +0.17 
10B 9 3.33 +0.45 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 +0.41 2.11 +0.33 1.89 +0.45 1.48 +0.38 
12B 8 3.35 +0.33 3.21 +0.37 2.94 +0.35 2.20 +0.28 1.93 +0.19 1.54 +0.22 0.89 +0.19 
13B 13 3.80 +0.39 3.56 +0.33 3.29 +0.30 2.53 +0.17 2.40 +0.19 2.07 +0.29 1.50 00.23 
14A 14 3.77 +0.38 3.47 +0.33 3.19 +0.28 2.04 +`0.34 1.98 +0.36 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 +0.13 1.17 +0.70 
2A 15 3.88 +0.40 3.69 +0.48 2.98 +0.27 1.21 +0.18 1.45 +0.19 0.98 +0.25 0.75 +0.16 
5B 14 4.71 +0.54 4.60 +0.49 3.30 +`0.29 1.26 +0.13 1.69 +0.09 0.99 +0.14 0.60 +0.09 
7B 15 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 +0.29 
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 
15B 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 +0.48 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 +0.25 1.70 +0.35 1.40 +0.60 0.80 +0.35 
6B 14 4.10 +0.41 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 +0.65 2.46 +0.34 1.45 +0.36 1.50 +0.29 1.22 +0.33 0.79 +0.23 
9B 15 4.83 +0.25 4.89 +0.38 3.54 +0.32 1.81 +0.34 2.09 +0.23 1.37 +0.34 0.58 +0.20 
16B 5 3.78 +0.34 3.55 +0.10 2.88 70.29 1.95 +0.64 1.93 +0.22 1.53 +0.33 1.10 +0.28 
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 3.11 +0.38 2.83 +0.41 2.47 +0.15 1.76 +0.10 1.56 +0.11 1.53 +0.10 0.97 +0.12 
16A 7 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 

* See Figure 3.14 
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Table A 4.1 	Shows the axes values(axis 1 and 2 ) for each of the 29 

Salicornia types cultured, according to their phenolic 

glycosides based on the Principal Components Analysis. 

CYCLE "LUMBER = 	1 
ITERATION = 61 	MAXIMUM ROOT = 26 	VALUE OF 

PERCENT VARIANCE 20.95828 

CYCLE NUMBER = 	2 
ITERATION = 46 	MAXIMUM ROOT = 17 	VALUE OF 

PERCENT VARIANCE 15.79596 

CYCLE NUMBER = 	3 
ITERATION = 171 	MAXIMUM ROOT = 16 

	
VALUE OF 

PERCENT VARIANCE 11.63417 
TOTAL '!ARIANCE = 	• 	.13400000E+03 

COORDINATES FOR 
1 

PLOTTING 
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 .399 2.265 1.474 

13 .532 2.583 1.640 

14 .223 .168 1.548 

15 .782 .432 .792 

16 1.049 1.160 2.945 

17 .480 3.41.5 1.829 
I 

18 1.414 .933 2.698 

19 1.091 1.804 1.813 

20 1.657 1.331 .209 

21 1.892 1.366 1.610 
22 2.944 1.140 1.174 

. 	23 1.852 .666 2.885 
24 3.039 1.832 1.981 

25 2.811 .945 .877 
26 3.061 .934 .894 
27 3.012 .447 1.046 
28 2.78'. 1.375 1.216 
29 2.392 1.48.3 1.705 

AXIS 	ORIGIrNS 1.313 1.182 1.6652 

. 28G 8 4098E+C2 

.2116E582E+92 

.15589789ē+02 



1. Shoot length 
Tank 
p~ N Min. Max. Mean. S.D. -2S +2S Variance 

11A 13 12.00 

11B 11 7.00 

12A 13 9.8 

12B 13 9.2 

13A 12 7.5 

13B 9 10.3 

13.5 12.15 +1.009 1.014 1.417 1.0194 

14.0 10.76 +2.335 6.085 1.542 5.4507 

14.7 	13.23 	+1.477 10.276 16.185 2.1823 

15.00 11.82 +2.152 7.519 16.127 4.6303 

13.00 10.50 +1.449 7.600 13.400 2.1018 

14.20 11.73 +1.162 9.410 14.057 1.3500 

367. 

Table A 5.1 Measurement of the vegetative characters for 

S. rcunosissima type grown in the complete nutrient 

solution. 	Growth experiment 1975. 

2. Root Length 

Tank 
No N Min. Max. Mean. S.D. -2S +2S Variance 

 

11A 13 	6.5 	10.00 8.231 +1.269 5.694 10.776 1.6090 

11B 11 	4.5 	14.00 7.445 +2.677 2.091 12.800 7.1667 

12A 13 5.0 10.5 7.615 +1.8502 3.915. 11.316 

12B 13 4.5 9.0 6.208 +1.850 3.825 8.590 

13A 12 5.5 9.0 6.833 +1.174 4.485 9.182 

13B 9 6.0 11.5 7.611 +1.997 3.618 11.604 

3.4231 

1.4191 

1.3788 

3.9861 



368. 

Table A 5:1 	• Continued - Complete nutrient solution. 

3. Total Number of Terminal Spikes/plant. 

Tank 
No. N Min. Max. Mean. S.U. -2S +2S Variance 

11A 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 

12A 13 50 180 115.46 +41.20 33.05 197.88 1697.440 

12B 13 30 170 77.08 +43.94 -10.80 165.96 1930.724 

13A 12 20 64 38.00 +11.31 15.37 60.63 127.916 

13B 9 33 107 62.00 +20.40 21.19 102.80 416.160 

4. Terminal spike length 

Tank 
NO  N 	Min. 	Max. 	Mean. 	S.U. 	-2S 	+2S 	Variance 

 

11A 13 2.0 3.7 2.89 +0.476 1.933 3.836 0.2264 

11B 11 1.7 4.2 2.79 +0.712 1.367 4.215 0.5069 

12A 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 

13A 12 2.2 4.0 3.12 +0.669 1.785 4.448 0.4433 

13B 9 2.4 3.8 3.34 +0.640 2.063 4.626 0.4103 

5. Fertile segment number in the terminal spike. 

Tank 
Nn 	N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

11A 	13 	11 	14 	11.62 

11B 	11 	6 	19 	11.46 

+1.325 8.965 14.266 1.7564 

+3.616 4.223 18.686 13.0727 

  

12A 13 7 15 11.08 +2.549 6.497 15.657 5.2436 

12B 13 8 18 12.00 +3.674 4.652 19.348 13.5000 

13A 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 12.527 



. 	371. 
Table A 5.2: 	Measurements of the vegetative characters 

for S. ramosissima type grown in nitrogen - 

deficient solution. Growth experiment, 1975. 

1. Shoot length (cm.). 

Tank 
No_ N Min. Max. 	Mean 	S.D. 	=2S 	+2S 	Variance 

8A 9 0.9 2.7 	1.41 	+0.573 	0.265 	2.558 	0.3286 

8B 9 1.0 2.9 	1.68 	+0.649 	0.379 	2.977 	0.4219 

9A 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 

10A 13 1.0 3.4 	2.42 	+0.643 	1.130 	3.701 	0.4131 

10B 13 2.0 6.0 	3.72 	+1.206 	1.312 	6.134 	1.4536 

2. Root length (cm.). 

Tank. 
Na  N Min. Max. Mean S.D. -2S +2S 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 4.386 7.968 0.8019 

10A 13 4.0 9.5 6.43 +1.616 3.198 9.663 2.6123 

10B 13 4.0 11.5 	7.45 +2.370 2.705 12.187 5.6194 

3. Total number of Terminal spikes/plant. 

Tank 
NO_ Min. 	Max. 	Mean 	S.D. 	-2S 	+2S 	Variance 

 

8A 9 1 	1 1.00 +0.00 1.000 1.000 0.00 

8B 9 1 	1 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 

10A 13 1 1 1.00 +0.00 1.00 1.00 0.00 

10B 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.). 

Tank 
Nn N Min. Max. Mean. S.D. -2S 	+2S 	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 	0.0144 

9A 13 0.3 1.1 0.692 +0.275 0.142 	1.243 	0.0758 

9B 13 0.4 1.0 0.677 +0.154 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. 
Tank 
Nn 
	N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

8A 9 	1 3 1.44 +0.727 -0.01 2.897 0.5278 

8B.,.,, 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 +0.855 0.983 4.402 0.7308 

10A 13 1 3 1.77 +0.725 0.319 3.219 0.5256 

10B 13 1 6 3.77 +1.480 0.808 6.731 2.1923 

6. Total number of primary branches from the main axis. 
Tank 
No. N Min. Max. Mean. S.D. -2S +2S 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 +2.20 -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 



Tank 
No. N Min. Max. Mean. S.D. -2S +2S 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 	+0.00 	0.00 	0.00 	0.00 

10A 	13 	0.00 	0.00 	0.00 	+0.00 	0.00 	0.00 	0.00 

10B 	13 	0.00 	0.00 	0.00 	+0.00 	0.00 	0.00 	0.00 

373. 

Table A 5.2 	.Continued - (nitrogen-deficient treatment) 

7. Total number of sterile segments in the main axis. . 

Tank 
Nn. N Min. Max. Mean. S.D. -2S +2S 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 

10B 13 7 13 9.23 +2.743 3.744 14.717 7.526 

8. Length of the lower most branch. 

9. Length of the uppermost branch. 

Tank 
No 	N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	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 0.00 

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 0.00 0.00 0.00 

10B 13 0.0 0.00 0.00 0.00 0.00 0.00 0.00 
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Table A 5._3 Measurements of the vegetative characters for 

S. ramosissima_type grown in phosphorus - deficient 

solution. Growth experiment 1975. 

1. Shoot length. 

Tank N Min. Max. Mean. S.D. -2S +2S Variance o. 

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 4.0464 

7A 13 12.0 16.0 13.78 +1.208 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 
Lank 
'No. 	N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

5A 13 7.00 12.5 9.169 +1.631 5.907 12.432 2.6606 

5B 13 44 11.0 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. 

Tank 
o. 

N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	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 3.16 161.91 1575.296 
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Table A 5. 3 
	

Continued - (Phosphorus-deficient treatment) 

4. Terminal spike length 

Tank 
N N o. Min. Max. Mean. S.D. 	-2S 	+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 

6B 13 1.7 3.0 2.562 +0.3404 	1.88 	3.24 	0.1159 

7A 13 1.5 2.3 1.954 +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 

Tank 
No 
 N Min.. Max. Mean. S.D. -2S +2S 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 13 8. 14. 11.231 +1.6408 7.949 14.512 2.6923 

7A 13 7. 10. 	8.358 +0.9608 6.463 10.306 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. 

Tank 
No  N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

5A 	13 24.0 3.2 	28.462 +2.7269 23.008 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 

7A 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 



376. 

Table A.5. 3 
	

Continued - (Phosphorus-deficient treatment). 

7. Total number of the sterile segment 

TNnk N  Min. Max. Mean. S.D. -2S +2S 	Variance 

5A 13 14. 19. 16.308 +1.7974 12.713 19.903 	3.2308 

58 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 +2.0191 9.039 1.7115 4.0769 

7A 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. Length of the lowest branch. 

Tank 
N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

5A 	13 7.5 	10.4 8.615 +0.80, 	7.009 10.221 0.6447 

5B 	12 4.4 	13. 	7.542 +2.15 	3.238 11.845 4.6299 

6A 	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 

7A 	13 5.5 	9.4 	7.977 +1.19 	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. 	-2S 	+2S 	' Variance 

5A 13 1.7 3.2 2.562 +0.4628 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 

6B 13 1.5 3.2 2.292 +0.4645 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 +0.3416 1.917 3.283 0.1167 
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Table A,5.4 	Measurements of the vegetative characters for 

S;'ramosissimā grown under an increased light 

intensity treatment. Growth experiment 1975. 

1. Shoot length. 

Tank 
NA _ N Min. Max. Mean. S.D. -2S 	+2S 	Variance 

2A 13 13.2 21.5 17.32 +2.460 12.403 	22.243 	6.052 

28 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 N Min. Max. Mean. S.D. 	-2S +2S 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 

38 	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. 

Tank 
No 	N 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

2A 	12 	115 	685 	447.0 	+150.536 145.928 748.06 22661.087 

2B 	13 	130 	355 	241.846 + 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 5.4 	Continued - (Increased light intensity 

treatment). 

4. Terminal spike length. 

Tank 
No. N Min. Max. Mean. S.D. -2S 	+2S 	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 +0.633 1.535 	4.065 	0.400 

5. Fertile segment number in the terminal spike. 

Tank 
Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	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 

3A 	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 +2.330 7.238 16.562 5.433 

6. Total number of primary branches from the main axis. 

Tank 
No N Min. Max. Mean. S.D. -2S +2S 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 



Tank 
Nn Min. Max. Mean. S.D. -2S +2S Variance 

2A 13 9 19 14.769 +3.004 8.761 20.778 9.026- 

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 +1.629 9.105 15.622 2.655 

Tank 
Na 	Min. 	Max. 	Mean. 	S.D. 	-2S 	+2S 	Variance 

2A 13 9.8 15.6 13.446 +1.779 9.887 17.006 3.168 

2B 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 

4B 11 5.1 11.5 9.627 +2.043 1.541 13.713 4.1742 

379. 

Table A-5.4 	Continued - (Increased light intensity 

,;treatment). 

7. Total number of sterile segments in the main axis. 

8. Length of the lowest branch from the main axis. 

9. Length of the upper most branch from the main axis. 

Tank 
an Min. Max. Mean. S.D. -2S +2S Variance 

2A 13 4.7 6.7 5.938 +0.709 4.521 '7.356 0.5026 

2B 13 3.4 8.00 4.662 +1.269 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 

4A 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 



Table A 5.5 Shows the minimum and the maximum measurements(mm) of fertile segment components for 

Salicornia 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. 

Treatments N 

* 
A 

Min. Max. 

B 

Min. Max. 

C 

Min. Max. 

D 

Min. Max. 

E 

Min. Max. 

F 

Min. Max. 

G 

Min. Max. 

1.  Plants grown in 
a complete nutrient 
solution 

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 

2.  Plants grown in 
nitrogen-deficient 
solution. 

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 

3.  
phosphorus-deficient 
solution. 

50 
Plants grown in  

2.2 3.3 2.2 3.0 1.7 
, 

2.5 1.5 2.2 1.4 2.2 1.4 1.7 0.7 1.1 

4.  Plants grown under 
an increased light 
intensity. 

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 

N = number of plants measured. * See Figure 3.14 



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. 

SaZicornia groups/ 
plant reference 

and habit. 
I. Vegetative characters 

S. doZichostach a S. nitens S. ramosissima 

1 
decumbant 

2 
erect 

3 
erect 

8 
erect 

12 
erect 

13 
strict 
habit 

14 
more 

spreading 

15 
more 

spreading 
still 

1. Shoot length 30.2 30.9 32,5 20.0 28.33 24.9 27.22 22.91 

2. Total number of primary branches 
from the main axis. 

34 38 36 26 30 36 32 28 

3. Number of sterile segments in 
the main axis. 

17 19 18 13 15 18 16 14 

4. Terminal spike length 4.4 3.2 3.4 3.2 2.8 4.0 2.3 1.6 

5. Number of fertile segments in 
the terminal spike. 

15 11 11 10 9 15 8 7 

6. Length of the uppermost branch 
from the main axis. 3.1 1.7 2.2 1.7 2.3 2.3 1.9 1.3 

7. Length of the lowermost branch 
from the main axis. 

9.8 12 8.5 8.3 7.0 5.7 5.8 10.5 

8. 	Angle of the uppermost branch 
with the main axis. 

o 60 0 60 0 50 0 60 
0 60 0 40 0 40 0 50  
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Table A 6.1 (Continued) 

Salicornia groups/ 
plant reference 
and habit 

I L Fertile segment components 

S. dolichostachya S. nitens S. ramosissima 

1 
decumbant 

2 
erect 

3 
erect 

8 
erect 

12 
erect 

13 
strict 
habit 

14 
more 

spreading 

15 
more 

spreading 
still 

1. Maximum width of the second 
fertile segment (A). 5.2 4.5 5.9 3.8 5.5 3.8 4.5 5.3 

2. Maximum width of the fourth 
fertile segment (B). 5.0 4.5 5.3 3.4 5.2 3.8 4.8 5.5 

3. Minimum width of the third 
fertile segment (C). 4.2 3.8 4.0 3.3 4.0 3.2 3.7 4.0 

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 2.4 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 



'Key to the number of the vegetative charAcr,ers, (Gr_owth exper- 

iments of 1976):- 

1== Shoot length. 

2=  Root length. 

3= Total number of primary branches from the main axis. 

4= lumber of sterile segments in the main axis. 

5= Terminal spike length. 

6= Number of fertile segments in the terminal spike. 

7= Length of the lowermost branch from the main axis. 

8= Length of the uppermost branch from the main axis. 

Angle of the uppermost branch with the main axis. 

10 Angle of the lowermost branch with the main axis. 

383. 



Table 1i 6.2. 

384. 

Minimum, maximum, mean, standard deviation (S.D.), 

variance and 95Z confidence limit values for Salicornia 

dolichostachya vegetative characters in the four 

nitrogen levels. 

TANK NO. 3A - Nitrogen level 5 p.p.m. 

Vegetativ.: 
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 	+0.844 	0.712 	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 

10 12 30°  40°  38.75 	. +6.784 	46.023 	34.44 	43.06  

TANK N0. 4A - Nitrogen level 15 p.p.m.._.. 

Vegetative 
Character No.*  N Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

1 

2 

3 

4 

5 12 1.7 2.2 1.37 +0.144 0.020. 

6 12 6 8 6.75 +0.754 0.568 

7 11 3.5 14.0 7.68 +3.685 13.582 

8 12 0.5 1.5 0.94 +0.268 0.072 

9 12 30°  40°  34.17 +5.149 26.515 

10 12 40° 40°  40.00 +0.000 0.00 

12 15.2 	19.5 17.217 +1.506 2.269 	16.26 18.17 

11 6.0 	10.0 	7.91 +1.323 1.749 	07.02 08.79 

12 30 	38 	34.2 	+2.758 7.606 	32.41 35.92 

12 15.0 	19.0 17.17 +1.267 1.606 	16.36 17.97 

01.78 01.96 

06.27 07.23 

05.20 10.16 

07,71 11.12 

30.89 37,44 

40.00 40.00 



Vegetative 
Character No. N• Min. 	Max. 	Mean. 	S.D. 	Variance 	-95CL +95CL 

5 15 0.9 1.4 1.16 +0.475 0.226 01 ,08 

6 15 4.0 6.0 4.60 +0.633 0.400 04 25 

7 14 5.3 12.5 8.01 +1.783 3.178 06.99 

8 15 0.5 1.0 0.78 +0.167 0.028 00.68 

9 15 30°  50°  36.67 +7.238 52.381 32.66 

10 15 30°  40°  32.00 +4.140 17.143 29.70 

4 

1 

2 

3 

15 16.00 20.8 18.29 +1.524 2:323 	17 .44 19.13 

15 	6.00 	9.5 	7.80 	+1.279 	1.637 	0 7.09 0 8.50 

15 32.0 	44. 	35.60 	+3.719 	13.829 	3 3.54 37.66 

15 16.0 	21.0 17.67 4-1.759 3.096 	16.69 18.64 

0 1,24 

04,95 

09,04 

00.88 

4 0.68 

34.29 

385. 

Table A 6.2. 	Continued - (Salicornia dolichostachya) 

TANK 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 	0 8.39 	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 	4 6.29 

10 15 30°  40°  33.67 	+5.499 	30. 238 	30.62 	36.71 

TANK NO. 6A - Nitrogen level 135 p.p.m. 

*See age 383 



Vegetative 
Character No. N Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

1 

2 

3 

4 

5 12 1.2 2.2 1.76 +0.290 0.085 

6 12 6 10.0 8.58 +1.240 1.538 

7 12 5.3 10.8 7.66 +1.852 3.428 

8 12 0.9 1.7 1.29 +0.214 0.048 

9 12 30°  40°  32.08°  +3.965 15.719 

10 12 30°  50°  35.83°  +7.929 62.879 

	

12 23.3 	28.7 26.283 +2.182 4.759 	24.89 27.67 

	

12 8.5 	14.0 10.767 +1.489 2.217 	09,82 11.71 

	

12 32,0 	44.0 40.00 +3.81 14.546 	37.58 42.42 

	

12 16.0 	22.0 19.917 +1.564 2.447 	16.36 17.97 

01.57 01.94 

07.79 09.37 

06.48 08.84 

01.15 01.43 

29,56 34,60 

30.79 40,87 

3 S 6 . 

Table A 6.3 	Minimum, ^.axiniuri, 'lead, standard  deviation (S.D.) Variance 

and 957 confidence limit values for Salicornia nitons 

vegetative characters in the four nitrogen levels. 

TANK NO. 3B - Nitrogen level 5 p.p.m. 

Vegetative 
Character No. N Min. Max. 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 	16.80 	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 	+2.633 	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. 

See page 383 



Vegetative 
Character No. N 	Min. 	Max. 	Mean. 	S.D. 	Variance 	-95CL +95CL 

	

12 22.0 	26.5 25.108 +1.29 1.689 

11 9.5 12.0 11.091 +0.800 0.640 

	

12 36.0 	44.0 42.00 +2.558 6.546 

	

12 18.0 	22.0 20.917 +1.24 1.538 

+0.111 0.012 

+0.491 0.242 

+1.264 1.599 

+0.183 0.034 

+6.030 36.364 

+5.222 27.273 

24.28 25.93 

10.55 11.63 

40.37 43.63 

20.13 21.70 

01.01 01.15 

04.35 04.98 

09.99 11.69 

00.79 01.03 

44.13 52.23 

51.04 58.05 

1 

2 

3 

4 

5 12 0.8 1.2 1.083 

6 12 4.0 5.0 4.667 

7 11 9.7 12.5 10.836 

8 12 0.5 1.2 0.908 

9 11 40°  60°  48.18 

10 11 50°  60°  54.44 

387. 

Table A:6.3; 	Continued - (Salicornia nitens) 

TANK NO. 5B - 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 	+2.181 	4.758 	23.81 	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. 

See page 383 



Vegetative * 
Character No. N Min. 	Max. 	Mean. 	S.D. 	Varience -95CL +95CL 

18.6 24.5 

5.0 8.5 

32 38 

16 19 

	

21.980 +1.819 3.286 	20,98 22.98 

	

6.933 +1.163 1.352 	06,29 07.58 

	

34.533 	+2.199 	4. 83.8 	33.32 35.75 

	

17.267 	+1.033 	1.067 	1. 6 69 17.84 

1 

2 

3 

4 

15 

15 

15 

15 

5 15 0.9 1.4 1.107 +0.149 0.022 01,02  01,19 

6 15 4.0 7.0 5.533 +2.637 6.952 0 507 05.99 

7 15 1.6 4.5 3.007 +0.837 0.7007 02.54 03.47 

8 15 0.4 0.8 0.660 +0.159 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 2 8.89 3 5.10 

388. 

Table A. 6.4 	Minimum, .:maximum, mean, standard deviation (S.D.), 

variance and 957 confidence limit for Salicornia 

ramosissima characters 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 	07.69 

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 	02.43 

8 15 0.5 0.7 0.633 +0.072 5%238 	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 	36.24 	45.09 

TANK NO. 4C - Nitrogen level 15 p.p.m. 

* See page 383 



Vegetative * 
Character No. N. Min. 	Max. 	Mean. 	S.D. 	Variance 	-95CL +95CL 

1 15 21.5 26.8 24.587 

2 14 5.5 9.5 7.464 

3 15 30 40 36.267 

4 15 14 20 17.867 

5 15 0.9 1.6 1.247 

6 15 5 8 6.733 

7 15 4.0 7.7 6.227 

8 15 0.5 1.0 0.793 

9 15 50°  60°  54.00 

10 

+1.675 2.804 

+1.117 1.249 

+2.815 7.924 

+1.552 2.409 

+0.188 0.036 

+0.884 0.781 

+1.492 2.226 

+0.133 0.018 

+5.070 25.714 

23,66 25.5 

05,82 08.10 

34.70 37.83 

17.00 18.73 

01.14 01.35 

06.24 07.22 

05.40 07.05 

00.72 00.87 

51.19 56.80 

, Vegetative 
Character 	Nō N. Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

1 	15 15.3 	23.2 18.427 +2.083 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 16.16 

	

+0.144 0.020 	00.45 00.60 

	

+8.452 71.43 	02.53 03.47 

+1.411 1.991 	05.05 06.62 

+0.105 0.0110 	00.40 00.53 

+3.619 13.096 	49.66 53.67 

+ - 	- 

5 15 0.4 0.9 0.527 

6 15 2.0 4.0 3.00 

7 15 4.0 9.8 5.83 

8 15 0.3 0.6 0.467 

9 15 50°  60°  51.667 

10 - - 

389. 

Table A 6. 4 
	

Continued - (Salicornia ramosissima) 

TANK NO. 5C - Nitrogen level 45 p.p.m. 

TANK NO. 6C - Nitrogen level 135 p.p.m. 

* See page 383 



Vegetative 
Character Nō 	N Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

	

15 lo.1 24.60 22.340 +1.835 3.368 	21.32 23.36 

15 5.5 	9.3 	6.92 +1.280 1.639 	06.21 07.63 

15 34 	48 	42.800 +3.986 15.888 	40.59 45.00 

15 18 	24 	21.333 +1.952 3.809 	20.25 22.41 

5 15 1.2 2.3 1.827 +0.326 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°  40° 37.333 +4.169 17.381 35.02 39.64 

1 

2 

3 

4 

390. 

Table A. 6.5.' • 	Minimum, maximum, mean, standard deviation (S.D.), 

variance and 95% confidence limit values for 

Salicornia dolichostachya vegetative characters 

in the four phosphorus levels. 

TANK NO. 7A - phosphorus level 2 p.p.m. 

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 10.0 7.633 +1.382 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 	30.30 	30.00 

10 15 30°  40°  34.000 +5.070 25.714 	31.19 	36.80 

TANK NO. 8A - phosphorus level 4 p.p.m. 

* See a e 383 



1 

2 

3 

4 

04.93 08.00 

07.011 11.03 

00.92 01.43 

24.49 34.84 

33.28 48.06 

Vegetative * 
Character No. N 	Min. 	Max. 	Mean. 	S.D. 	Variance 	-95CL +95CL 

5 14 0.8 2.4 1.687 +0.778 0.606 

6 14 3 9 6.467 +2.774 7.695 

7 14 5.3 13.8 9.021 +3.482 12.123 

8 14 0.8 1.8 1.17 +0.456 0.208 

9 14 25°  40°  29.667 +9.348 87.381 

10 14 30°  50°  40.667 +13.345 178.095 

	

14 13.0 21.5 16.187 +5.414 29.303 	13.19 19.19 

14 5.0 	8.0 	5.673 +1.719 2.956 	04.72 06.63 

	

14 26.0 40.0 31.20 +9.821 96.457 	25.76 36.64 

	

14 13.0 20.0 15.333 +4.879 23.809 	12.63 18.04 

01.26 02.12 

391. 

Table A,.6.5 
	

Continued - Salicornia dolichostachya 

TANK NO. 9A - phosphorus level 8 p.p.m. 

Vegetative 
Character Nc 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 	01.75 

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 	36.24 	45.09 

TANK NO. 	10A - phosphorus level 16 p.p.m. 

* See page 383 



392. 

Table A 6.6 	Minimum, maximum, mean, dtandard deviation (S.D.), 

variance and 95% confidence limit values for 

Salicorhia niters vegetative characters in the 

four phosphorus levels. 

TANK NO. 7B - phosphorus level 2 p.p.m. 

Vegetative 
Character No. N Min. Max. Mean. S.D. Variance 	-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 1.2 1.9 1.65 +0.219 0.048 	01.51 	01.79 

6 12 7. 9. 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 0.054 	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 - phosphorus level 4 p.p.m. 

Vegetative 
Character Nō N 	Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

1 - 	12 28.5 34.0 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 

4 	12 23 	26 	24.583 +1.505 2.265 	23.63 25.54 

01.531 01.95 

07.19 08.81 

10.92 14.67 

01.16 01.47 

48.55 56.45 

49.62 55.37 

* See page 383 

5 12 1.2 2.5 1.74 +0.332 0.109 

6 12 6 11 8.000 +1.279 1.636 

7 12 8.6 16.2 12.792 +2.949 8.700 

8 12 1.0 1.9 1.317 +0.244 0.059 

9 12 40°  60°  52.500 +6.216 38.636 

10 12 50° 60o 52.500 +4.523 20.455 



Vegetative * 
Character Nc. N 	Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

1 

2 

3 

4 

5 11 1.0 1.4 1.155 +0.113 0.013 

6 11 4 6.0 5.364 +0.674 0.455 

7 11 5.5 21.0 12.582 +4.907 24.075 

8 11 0.7 1.0 0.873 +0.142 0.020 

9 11 40°  55°  49.545 +3.503 12.273 

10 11 40°  70°  55.455 +8.202 67.273 

	

11 23.5 33.8 29.155 +3.597 12.940 	26.74 31.57 

9 6.5 	13.0 10.500 +2.345 5.500 	08.69 12.30 

11 34 	56 	46.727 +6.649 44.211 	42.26 51.19 

11 16 	28 	23.091 +3.448 11.890 	20.77 25.40 

01.08 01.23 

04.91 05.82 

09.29 15.88 

00.78 00.97 

47.19 51.89 

49.95 60.96 

393. 

Table A.6:6 	Continued 	(Salicornia nitens) 

TANK NO. 9B - phosphorus level 8 p.p.m. 

Vegetative 
Character Nat. N Min. Max. Mean. S.D. Variance -95CL 	+95CL 

1 12 20.8 29.5 25.208 +3.393 11.512 23.35 	27.36 

2 12 6.0 11.5 9.292 +2.094 4.385 07.96 	10.62 

3 12 30 44. 39.333 +4.849 23.512 36.25 	42.41 

4 12 15. 22. 19.667 +2.425 5.879 
4 1

8.13 	21.20 

5 12 1.4 2.1 1.642 +0.318 0.100 01.44 	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 +0.247 0.060 00.95 	01.27 

9 12 300  50°  35.00 +6.742 45.455 30.72 	39.28 

10 12 400 . 60°  45.833 +9.003 81.060 40.11 	51.55 

TANK NO. 10B - phosphorus level 16 p.p.m. 

*..`See page 383 



394. 

Table A 6.7 
	

Minimum, maximum, means, standard deviation (S.D.), 

'variance and 95Z confidence limit values for Salicornia 

ramosissima vegetative characters in the four phosphorus 

levels. 

TANK NO. 7C - phosphorus 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 +2.269 5.153 18.83 21.34 

2 13 6.00 8.5 7.154 +0.944 0.891 06.58 07.72 

3 15 26.00 38.00 32.667 +3.266 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 +0.203• 0.041 0.83 1.07 

6 15 3 8 6.13 +1.356 1.838 5.38 6.88 

7 15 4.5 13.6 6.960 +2.146 4.60 0 5.77 0 8.15 

8 14 0.4 0.9 0.95 +0.207 0.043 0 	83 0 	06 

9 15 40°  75°  55.33 +13.292 176.667 47.97. 62.69 

10 

TANK NO. 8C - phosphorus level 4 p.p.m. 

Vegetative 
Character No. N Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

10 	22.5 	27.8 	24.930. _ ._.-+1...441 	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 +2.003 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 



Vegetative * 
Character No. N Min. 	Max. 	Mean. 	S.D. 	Variance -95CL +95CL 

	

11 23.00 29.2 26.927 +2.261 5.1122 	25.40 28.45 

11 7.5 	14.5 	9.636 +1.976 3.905 	08.30 10.96 

5 11 0.3 0.9 0.555 +0.220 0.049 

6 11 2 6 3.364 +1.433 2.055 

7 11 9.0 14.2 11.600 +1.574 2.476 

8 11 0.4 0.6 0.491 +0.104 0.010 

9 11 30°  60°  42.727 +2.969 8.818 

10 11 50°  70°  55.455 +8.202 67.272 

1 

2 

3 

4 

	

11 36. 	46. 	41.818 +3.282 10.769 	39.61 44.02 

	

11 18.0 	23.0 20.818 +1.6011 2.564 	19,74 21,89 

00.40 00.70 

02,40 04.32 

10.54 12.66 

00.42 00.56 

36,65 48.80 

49.95 60.96 

395. 

Table A‘6-7 	Continued (Salicornia ramosissima) 

TANK NO. 9C - phosphorus level 8 p.p.m. 

Vegetative 

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 	01.59 

6 15 6.0 11.0 8.067 +1.387 1.924 	07.29 	08.84 

7 15 9.2 16.4 12.40 +2.485 .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 50°  70°  56.33 +6.114 37.381 	52.95 	59.72 

TANK NO. 10C - phosphorus level 16 p.p.m. 

* See page 383 
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Table:'A 6.8 • Minimum, maximum, 'Mean, ..standard deviation (S.D.), 

variance and 95% ;Confidence limit values for 

Salicornia dolichostachya vegetative character in 

the four sodium chloride levels. 

TANK NO. 13A - Sodium. chloride level 0.65% 

Vegetative 
Character No N Min Max Mean S.D. Variance -95c1 +95c1 

1 12 31.2 38.4 35.10 +2.117 4.482 33.755 36.445 

2 10 7.5 11.0 10.00 +1.633 2.667 8.832 11.168 

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 +0.690 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 Noy. N Min Max Mean S.D. Variance -95c1 +95c1 

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 19.0 20. 19.833 +0.718 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 page 383 



Vegetative' 
Character No. N 	Min 	Max Mean 	S.D. 	Variance 	-95c1 +95c1 

15 	20.3 	25.00 23.047 +1.264 	1.598 	22.346 23.747 

15 	7.0 13.00 9.633 +1.922 3.695 	3.369 10.698 

15 32. 	38. 34.267 +2.120 4.494 	33.092 35.441 

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 +0.188 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 

1 

2 

3 

4 

397. 

Table.,A 668, (Continued) - Saiicornia dolichostachya 

TANK NO. 14A - Sodium chloride level 2.5% 

Vegetative 
Character No: N Min Max Mean S.D. Variance -95c1 +95c1 

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 4.4 14.9 9.167 +9.366 8.772 7.526 10.807 

8 15 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% 

* See page 383 



Vegetative 

	

Character No! N 	Min 	Max Mean 	S.D. 	Variance 	-95c1 +95c1  

1 	6 	28.2 	34.2 30.483 .+2.519 	6.345 	27.839 33.127 

2 	5 	9.5 11.5 10.504 +0.7906 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 

398. 

Minimum, ,aximum,thean, s,tandard deviation (S.D.), 

variance and 95% confidence limit values for 

SaZicornia nitens vegetative characters in the four 

sodium chloride, yevels. 

TANK NO. 13B - Sodium chloride level 0.65% 

Vegetative 
Character No! N Min Max Mean 	,:S.D. Variance -95c1 +95c1 

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 

5, 7 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 7.: 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% 

" See page 383 

Table • A .6.9 



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 +3.459 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 +0.985 0.969 1.041 2.292 

7 12 3.2 10.2 5.233 +1.970 3.884 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 

399. 
Table A., 6.9 	' (Continued) - Salicornia nitens 

TANK NO. 14B - Sodium chloride level 2.5% 

Vegetative 
Character No. N Min Max Mean S.D. Variance -95c1 +95c1 

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 +2.350 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 9.011 

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 - Sodium chloride level 5%. 

Vegetative 
Character No. N 	Min 	Max Mean 	S.D. 	Variance 	-95c1 +95c1 

* See page 383 



400. 

Ta61e Minimum, m aximum, m ean, t  Oandard deviation (S.D.), 

Variance and 95% confidence limit values for 

SaZicornia ramosissima vegetative character in the 

four sodium chloride levels... 

TANK NO. 13C - Sodium chloride level 0.65% 

Vegetative 
Character No N. Min Max Mean S.D. Variance -95c1 +95cl 

1 10 35.5 44.8 39.87 +2.332 5.438 38.202 11.538 

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 10 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% 

Vegetative * 
Character No. 	N Min' Max Mean S.D. Variance -95c1 +95c1 

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 30.°  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 



Min Max 

20.3 24.5 

8.0 14.0 

36 42 

18 21 

Mean S.D. Variance -95c1 +95c1 

	

22.658 +1.362 1.854 	21.793 23.523 

	

10.908 +1.526 2.328 	9.939 11.878 

	

38.00 +2.828 8.000 	36.203 39.797 

	

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 

Vegetative 
Character No. N 

1 	12 

2 
	

12 

3 
	

12 

4 
	

12 

401. . 

Table•.A 6.10 (Continued) - Salicornia ramosissima 

TANK NO. 14C - Sodium Chloride level 2.5% 

Vegetative a 
Character No. N Min Max Mean S.D. 	Variance -95c1 	+95c1 

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 3.324 	4.542 

7 15 7.5 16.2 11.886 +2.583 	6.670 10.395 	13.377 

8 15 0.3 0.9 0.587 +0.173 	0.029 0.491 	0.682 

9 15 25°  40°  31.000 +3.873 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% 

* See page 383 



Table A 6.11 	Shows.the minimum and the maximum measurements (mm) of the fertile segment components for plant 

groups cultivated in 1976. 

Treatments TANK 
NO. N 

A*  

Min. 	Max. 

B 

Min. 	Max. 

C 

Min. 	Max. 

D 

Min. 	Max. 

E 

.Min. 	Max. 

F. 

Min. 	Max. 

G 

Min. 	Max. 

A complete lA 7 2.5 3.5 1.5 3.0 1.3 2.3 1.0 1.5 1.8 2.2 0.9 1.4 0.4 0.7 
nutrient 1B 10 2.7. 3.4 1.8 3.0 1.6 2.4 1.2 1.7 1.9 2.3 1.0 1.5 0.6 0.9 
solution. 2A 10 2.9 3.2 2.0 3.1 1.8 2.4 1.3 1.8 2.0 2.3 1.1 1.5 0.8 1.0 

2B 10 3.0 4.2 3.0 4.2 2.5 3.0 2.0 2.5 2.0 2.7 1.8 2.1 0.7 1.5 

3A 10 3.5 4.0 3.2 4.0 2.5 2.7 2.1 2.4 2.1 2.6 1.7 2.0 1.2 1.4 
5 p.p.m. 3B 10 3.4 3.9 3.2 3.8 2.0 2.5 1.3 1..9 1.7 2.4 1.2 1.7 0.4 0.8 
nitrogen 3C 10 2.8 3.3 2.6 3.7 2.0 2.4 1.4 2.2 2.0 2.2 1.2 1.8 0.4 1.0 

4A - - - - - - - - - - - - - - - 
15 p.p.m. 4B 10 3.5 3.8 3.2 3.5 2.2 2.5 1.7 2.0 1.9 2.2 1.4 1.9 0.6 1.0 
nitrogen 4C - - - - - - - - - - - - - - - 

5A 10 3.0 3.5 3.0 3.5 2.2 2.5 1.8 2.4 1.8 2.3 1.5 2.1 0.8 1.2 
45 p.p.m. 5B 10 3.2 3.8 3.1 3.7 1.9 2.3 1.5 2.1 1.9 2.3 1.3 1.8 0.5 1.2 
nitrogen 5C 10 2.7 3.2 2.7 3.1 2.0 2.3 1.3 1.9 1.8 .2.0 1.2 1.5 0.5 0.8 

6A 5 3.2 4.0 3.0 3.8 2..5 2.8 2.0 2.5 2.1 2.5 1.6 2.2 1.1 1.6 
135 p.p.m. 6B 10 3.2 3.8 3.0 3.6 2.2 2.6 1.3 1.8 1.8 2.4 1.2 1.7 0.5 1.0 
nitrogen 6C 7 2.5 3.0 2.5 3.0 2.0 2.3 1.2 2.0 1.7 2.1 1.0 1.7 0.4 1.0 

7A 5 3.0 3.5 3.0 3.4 2.3 2.5 1.8 2.6 2.0 2.4 1.7 2.1 0.8 1.0 
2 p.p.m. 7B 10 3.5 3.9 3.2 3.6 2.0 2.6 1.2 1.8 2.0 2.3 1.0 1.5 0.4 0.8 
phosphorus 7C 6 2.2 3.0 2.4 2.9 1.6 2.2 1.3 2.0 1.6. 2.0 1.0 1.6 0.5 0.8 

8A - - - - - 	- - - - - - - - - - - 
4 p.p.m. 8B 10 3.6 4.5 3.5 4.3 2.4 3.0 1.5 2.2 2.0 2.5 1.4 2.1 0.4 0.8 
phosphorus 8C 5 2.6 2.9 2.4 3.0 1.8 2.0 1.5 1.8 2.0 2.2 1.5 1.7 0.5 0.9 

* See Figure 3.14 



Table A 6.11 (Continued) 

Treatments TANK 
NO. N 

A 

Min. 	Max. 

B 

Min. 	Max. 

C 

Min. 	Max. 

D 

Min. 	Max. 

E 

Min. 	Max. 

F 

Min. 	Max. 

G 

Min. 	Max. 

8 p.p.m. 9A 10 3.1 3.9 2.8 3.5 2.2 2.8 2.0 2.3 1.8 2.2 1.5 2.0 0.8 1.1 
phosphorus 9B 9 3.4 4.1 3.4 4.0 2.3 2.8 1.1 2.0 2.0 2.6 1.3 2.0 0.5 1.0 

9C 10 2.8 3.0 2.5 3.0 1.8 2.2 1.3 2.1 1.8 2.0 1.2 2.0 0.7 0.9 

10A - - - - - - -. - - - - - - - - 
16 p.p.m. 10B 10 3.1 3.8 3.0 3.8 2.2 2.8 1.2 1.9 2.0 2.2 1.1 1.8 0.5 1.0 
phosphorus 10C 10 2.3 3.0 2.2 3.0 1.5 2.2 1.4 1.8 1.7 2.0 1.2 1.5 0.6 0.9 

11A` 5 3.2 3.8 3.0 3.2 2.4 3.1 1.9 2.3 2.2 2.4 1.8 1.9 1.2 1.4 
5% Nacl 1113' 10 2.6 3.2 2.4 2.9 2.0 2.6 1.4 2.2 1.2 1.8 0.8 1.3 0.5 1.0 

11C` 5 2.5 2.9 2.4 2.8 2.0 2.2 1.2 1.7 1.6 2.0 1.0 1.5 0.5 0.7 

12A% 8 3.5 4.3 3.4 4.0 2.4 3.5 2.1 2.8 2.3 3.2 2.0 2.6 0.9 1.6 
1.3% Nacl 12B` 6 3.0 4.2 3.0 3.5 2.0 3.0 1.3 2.2 1.4 2.5 1.1 2.2 0.7 1.3 

12C` 10 2.8 3.5 2.5 3.2 2.0 2.8 1.2 2.1 1.7 2.3 1.2 1.7 0.5 1.1 

13A' 10 3.5 4.8 3.2 4.6 3.0 3.6 2.1 2.6 2.2 2.8 1.8 2.2 0.9 1.6 
0.65% Nacl 13B`  5 2.8 3.4 2.9 3.2 2.5 2.5 	' 2.0 2.3 2.0 2.5 1.6 2.0 1.0 1.1 

13C`  8 3.0 4.1 2.8 3.6 2.0 2.7 1.5 2.0 1.9 2.5 1.2 1.8 0.6 0.9 

2.5% Nacl 14A` 8 3.2 3.5 3.0 3.5 2.0 2.5 1.8 2.2 2.3 2.7 1.8 2.2 0.8 1.3 
14B' 5 3.6 3.8 3.0 3.0 2.5 2.5 1.4 1.8 1.8 2.2 1.4 1.7 0.7 0.9 

A and A7' 	Plants belong to Salicornia dolichostachya. 
B and BC 	Plants belong to S. nitens. 
C and C. 	Plants belong to S. ramosissima. 

cn 
0 



Table A 6.12 

Result:of analysis of variance for the:- 

'1- Vegetative characters, ,2 - Fertile segment components;  

and 	3- Fertile segments indecis of the three types of 
Salicornia in the.  four levels of nitrogen- treatment. 
Growth experiment 1976. 

A - Key for the race number:- 

1. Salicornia dolichostachya 

2. Salicornia niters 

3. Salicornia ramosissima .. 

B - Key for the treatments number:- 

1. Experimental level of nitrogen 5 p.p.m. 

2. Experimental level of nitrogen 15 p.p.m. 

3. Experimental level of nitrogen 45 p.p.m. 

4. Experimental level of nitrogen 135 p.p.m. 

404. 



Table A 6.12 : 1-Vegetative characters- 

1. Shoot length. 

SU"11ARY OF OATA 

IREATF =N T S 
1 	• 	2 	3 	4 

1 	11.55 	17.22 	20.94 	18.29 

RACES 2 	19.43 	26.28 	29.50 	25.11 

. 3 	14.89 	21.98 	24.59 	12.43 

TAF3LE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

DF 	SUd 	r1EA4 	F 
:'OS 	SOS 	0.G5 C.G1 0.001 

TRSATHE TS 	3 	147.34 	49.11 	45.79 	4.76 9.76 23.70 

RACES 	2 	133.70 	6685 	66.41 	5.14 10.90 27.00 

ERROR 	6 	6.04 	1.01 

TOTAL 	11 	287.08 

RACE/(TREATMENT + tRPOR) VARIANCE RATIO = 	.966 

2. Root length. 

_ 5`;ARY OF DATA 

TREATMEITS 
1 	2 	3 	4 

	

1 	6.95 	7.91 	9.67 	7.80 

	

RACES 2 	9.83 	10.77 	11.62 	11.09 

	

3 	6.63 	6.93 	7.46 	6.61 

TABLE OF ANALYSTS OF VĀRIANCE 

OF 	SUI 	MFAV 	F 

	

SOS 	S9S 

CRITICAL F VALUES 

0.05 G.31 L.c01 

	

TREATMENTS 3 	4.85 	1.62 7.91 +.7b 9.78 23.70 

RACES 	2 	32.36 	16.18 	79.23 	5.14 10.90 27.C; 

ERROR 	6 	1.23 	.20 

TOTAL 11 38.43 

405. 

RACE/CTREATMFNT + ERROR) VARIANCE RATIO = 
	

5.019 



Table A 6.12 : I Vegetative charactērs (Continued) 

3. Total number of the primary branches from the main axis. 

SUMMARY OF DATA 

TREA TMENTS 
1 	2 	3 

	

1 	26.67 	34.17 	40.00 	35.60 

	

RACES 2 	35.17 	40.00 	46.17 	42.00 

	

3 	26.93 	24.53 	36.27 	30.67 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	MEAN 	F 
SOS 	- SOS 	0.05 0.01 	0.001 

	

TREATMENTS 3 	191.71 	63.37 25.15 4.76 9.78 23.70 
RACES 	2 	167.38 	83.69 	32.93 	5.14 10.90 27.00 
ERROR 	6 	15.25 	2.54 
TOTAL 11 374.3L• 

ACF,(T?EATM NT r ERROR) VARIANCE RATIO = 	.652 

4. Total number of sterile segments in the.main axis. 

SUmmARY OF DATA 

TREATMENTS 
i 
	

2 	• 	3 

	

1 	13.33 	17.17 	20.13 	17.6.7.. 

	

RACES 2 	17.50 	19.92 	22.75 	20.92 

	

3 	11.53 	17.27 	17.37 	15.33 

TABLE OF ANALYSIS OF VARIANCE CRITICAL F VALUES 

	

OF 	SUM 	MEAN 	F 

	

SQS 	SOS 	 .0.05 0.C1 ii.(101 

	

TREATMENTS 3 	45.50 	15.20 22.23 4.76 9.78 23.70 

RACES 	2 	39.48 	19.74 	28.87 	5.14 10.90 27.10 

ERROR 	6 	4.10 	.63 

TOTAL 	11 	89.18 

406. 

4 

RACE/(TREATMENT + ERROR) VARIANCE 44TIC _ 	.A53 



407. 

Table A 6.12 t 1- Vegetai_ve characters (Continued) 

5. Terminal spike length. 

SUMARY OF DATA 

TREATMENTS 
1 	2 	3 	+i 

	

1 	1.23 	1.87 	1.73 	1.1F 

	

RACES 2 	1.01 	1.76 	1.65 	1.08 

	

3 	.90 	1.11 	1.25 	.53 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

DF 	SUM 	MEAN 	F 

	

SOS 	SOS 	0.05 0.01 0.001 

TDEATM=NTS 3 	1.01 	.34 21.20 4.76 9.78 23.70 

RACES 	2 	.67 	. .34 	21.06 	5.14  10.90 27.00 

ERROR 	6 	.10 	.02 

TOTAL 11 	1.78 

RACE/(TREATMENT + ERFOR) VARIANCE RATIO = 	.64B 

6. Number of fertile segments in the terminad. spike. 

SUMMARY OF DATA 

TREATMENTS 
1 	2 	3 	4  

	

1 	6.73 	3.00 	-0 	5.33 

	

RACES 2 	4.60 	-0 	-0 	4.33 

	

3 	4.67 	-0 	4.25 	6.7r 

CR,IīIC..L F VALUE- 

	

DF 	SUM 	MEAN 	F 
SOS 	SOS 	..05 ..Z1 6.C.C.  

	

TPEATNEUTS 3 	53.07 	17.69 6.25 4.76 y.78 23.7t 

RACES 	2 	6.94 	3.47 	1.23 	5.14 10.90 27.C' 

ERROR 	6 	16.99 . 	2.B3 

TOTAL 11 77.00 

TABLE OF ANALYSIS OF VARIANCE 

RACE/(TREATMENT + ERROR1 VA?IAJ:E RATIO = 	.U21 



Table A 6.12 :`1- Vegetative characters (Continued) 

7. Length of the lowermost branch from the main axis. 

SUMMARY OF DATA 

TEATM=NTS 
1 	2 	3 	L. 

	

1 	2.95 	7.68 	9.88 	8.01 

	

RACES 2 	3.67 	7.65 	12.33 	10.84 

	

3 	2.02 	3.01 	6.23 	5.83 

TABLE: OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES OF 	SUM 	MEAN 	F 

SQS 	SQS 	0.05 0.01 3.001 

	

TFEATMENTS 3 	75.00 	25.00 18.29 4.76 9.78 23.70 
RACES 	2 	39.12 	19.56 	14.31 	5.14 16.90 27.00 
ERROR 	6 	8.20 	1137 
TOTAL 11 122.33 

,.!ACE/(TREATMENT-1- ERROR) VARIANCE RATIO = 	.49? 

8. Length of the uppermost branch from the main axis. 

':.:MARY OF DATA 

TREATMENTS 
1 	2 	3 	r. 

	

i 	.65 	.94 	.99 	.78 

	

RACES 2 	.68 	1.29 	1.12 	.91 

	

7 	.63 	.66 	.79 	.47 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUN 	MEAN 	F 
SQS 	SO3 	0.05 0.01 0.001 

	

TREATMENTS 3 	.16 	.35 G.53 4.76 9.78 23.70 

RACES 	2 	.30 	.15 	13.01 	5.14 10.90 27.00 

ERROR 	6 	.07 	.01 

	

TOTAL 11 	.53 

408. 

=.t.CE/(TREATM-NT . ERROR) VARIANCE °ATIO = 	1.379 



CRITICAL F VALUES 

	

OF 	SUM 	M,--- AN 	F 
SOS 	SOS 	0.05 0.G1 0.001 

	

TREATMENTS 	3 	424.99 	141.66 	4.55 	4.76 9.78 23.70 

	

RACES 	2 	89.44 	44.72 	1.44 	5.14 10.90 27.00 

'TABLE OF ANALYSIS OF VARIANCE 

409. 

Table A 6.12 : 1- Vegetative characters (Continued) 

9. Angle of the uppermost branch from the main axis. 

SUrMARY OF DATA . 

TREATMENTS 
1 	2 	3  

	

1 	32.50 	34.17 	42.00 	36.67 

	

RACES 2 	35.83 	32.08 	38.33 	48.13 

	

3 	36.33 	29.67 	54.00 	51.67 

ERROR 	6 	186.94 	31.16 

TOTAL it 701.37 

RACE/(TREATMENT + ERROR) VARIANCE RATIO = 	.Psa 

10. 	Angle of the lowermost branch from the main axis. 

SU!:NA?Y OF DATA • 

-REATtI NTS 
1 	2 	3 	4 

	

1 	38.75 	40.00 	33.67. 	32.00 

	

RACES 2 	40.00 	35.83 	40.83 	54.55 

	

3 	40.67 	32.00 	0 	0 

TABLE OF ANALYSIS OF VARIANCE 

	

DF 	SUM 	MEAV 	F 
	CRITICAL F VALUES 

SOS 	SOS 	0.05 0.01 3.001 

	

TREATMENTS 3 	411.80 	137.?7 	.69 4.76 9.78 23.70 

RACES 	2 	1298.08 	649.4 	3.28 	5.14 10.90 27.00 

ERROR 	6 	1189.03 	198.17 

TOTAL 11 2898.91 

;,ACF/(TREATMENT + ERROR) VARIANCE RATIO = 	.634 



Sii%VAPY OF DATA 

1 

.35 

• RAcES 2 

3 

TREATMENTS 
2 	3 

.33 

. 29 . 
3, 

.29 

•0 

.31 

0 

4 

.34 • 

.34 

.27 

Table A 6.12 : 2-Fertile segment components :(Continued) 

1. Maximum width of the 2nd segment (A). 

SU`'MAcY OF BATA 

410. 

IREA T EMTS 
1. . 	2 _ 	3, 

.35 	• 	0 	.34 

.37 	.33 	.35 

.31 	^. 	.30 

4 

.35 

.36 

.28 

TA9LE OF ANALYSIS 

OF 

	

'REATMENTS 
	

3 

	

RACES 
	

2 

ERROR 

	

TOTAL 
	11  

OF.VARIANCE 

SUM 
SQS 

.11 

.04 

.05 

.20 

MCAM 
SOS 

.0 

.02 

.^1  

CRITICAL F VALUES 

'0.05 0.C1 

3.98 4.76 9.78 

2.10. . 5.14 10.90 

F 
C.001 

23.70 

27.00 

RACE!(70EATMENT + =RFO°) VARIANSE RATIO = 	.135 

2. Maximum width of the 4th segment (B). 

MEAN 	F 
SOS 

	

.03 	4.03 

	

.02 	1.84 

.01 

TAOLE OF ANALYSIS 
OF   

TREATMENTS 

RACES 

ERROR  

TbTAL 

0^ VA°IANCE 

SUM 
SOS 

.10 ' 

.03 

.05 

.18 

CRITICAL F VALUES 

0.05 0.01 0.001 

4.75 9.78 23.70 

5.14 10.90 27.00 2 

6 

1.1 

RA;E/lTREATM=NT + °R^0°) VArIAN'E RATIO = 	.10'+ 



411. 

Table A 6.12 : 2- Fertile segment components (Continued) 

3. Minimum width of the 4th segment at the base (C). 

SUMYARY OF DATA • 

TREATMENTS' 
1 	2 	3 	4 

	

1 	.26 	0 	.2' 	.26 

	

RACES 2 	.23 	.23 	.21 	.25 

	

3 	.23 	0 	.21 	.21 

TABLE OF ANALYSIS OF VARIANCE 	
CRITICAL F VALUES 

	

DF 	SUM 	MEAN 	F 
SQS 	SOS 	0.05 1.51 0.001 

TREATMENTS 	3 	.05 	.G2 	3.7L. 	4.76 9.78 23.70 

RALES 	2 	.01 	.00 	.96 	5.14 10.00 27.00 

ERROR 	5 	.03. 	.C n 
TOTAL 	11 	• .C9 

0 ACEt{TREATMENT + ERROR)  VARIANCF RATIO = 	-.665 

4. Length of the segment (D). 

SU'MARY OF DATA 

TREATMENTS 
1 	2 	3 	4 

I 	.23 	0 	.21 	.22 

RACES 2 	.15 	.19 	.18 	.i6 
3 	.17 	0 	.16 	.16 

TABLE OF ANALYSIS OF VARIANCE 	
CRITICAL F VALUES 

DF 	SU'! 	MEAN 	F 

	

SQS 	SOS 	0.05 0.01 0.001 

TREATMENTS 	3 	.63 	.01 	2.59 4.76 9.78 23.70 

RACES 	2 	.01 	.00 	.67 	5.1L 10.90 27.00 

ERROR 	6 	.03 	.00 

TOTAL it  

0 LCE/(TP=ATMENT t ERROR) VARIANCE PATIO = 	-.054 • 



. 	412. 

Table A 6:12 : 2-:Fertile segmelwt`components-(Continued) 

5. Total length of the central flower (E). 

•SU`1MA RY 07  [DATA 

1 
TREATMENTS 
2 	3 t. 

1 .24 0 .2/ .23 

RACES 2 .20 .21 .21 .22 

3 .21 0 .19 .18 

TABLE OF ANALYSIS 

OF 

OF VARIA;CF 

SUN MEAN F 
CRITICAL F VALUES 

sns snS 0.05 	6.01 0.001 
.TREATn.NTS 3 .04 .31 4.00 4.76 	9.76 23.7n 

RACES 2 .01 .00 1.14 5.14 10.90 27.07_ 
ERROR • 

TOTAL 

6 

ii 

.n2 

.Cg 
.00 

7ACEI CTREATMENT * ER' OR).  VARIANCE RATIO = .018• 

6. Observed length of the central flower (F). 

SUMMARY OF OATA 	• 

1  
TREATMENTS 
2 	3 e. 

1 .20 0 .17 .19 

RACES 2 .14 .16 .15 .14 

3 .15 0 .14 .14 

TABLE OF ANALYSIS 

OF 

OF VARIANCE 

ION_ 
SnS 

MEAN 
 SOS 

F 
CRITICAL F VALUES 

0.65 	G. Ci 	0.001 

TREATMNTS 3 • .02 .0i 2.96 ..75 9.78 23.70 

RACES 2 .00 .00 .72 5.14 10.90 27.00 

ERROR 6 .02 .00 

TOTAL 11 .05 

;'ACE/!Tt;GATMrNT 	ERFO?) VARIANCE RATIO = 	-.642 



413. 

Table A 6.12 : 2-Fertile segment components-(Continued) 

7. Observed length of the lateral flower (G). 

5 	- MA?Y OF DATA 

TREAT- NTS 
1  2  3 4 

1 .13 0 .10 .13 

RACES 2 .06 .08 .08 .67 

3 .07 0 .07 .71 

TL?LE OF ANALYSIS 

OF 

OF VARIANCE 

Silly t1cAy F CRITICAL F VALUES 

SOS SOS '.C5 0.01 0.001 

TREATMENTS 3 .44 .15 5.19 4.76 9.78 2.3.70 

RACES 2 .04 .02 .75 5.14 17.9C 27.0 

ERROR 6 .17 .03 

TOTAL 11 .66 

r<ACE/STRrATMENT + ERROR) VARIANCE 7ATIC: 	 .C26 • 

8. Length of the scarious border width at its tip (E-F). 

SU"Y'uY OF DATA 

1. 
TB.EATME!: ī S 
2 	3 '4 

1 .C4 0 .n3 .04 

RACES 2 	' .06 .05 .06 .08 

3 .06 0 .05 .C5 

TABLE OF 	ANALYSIS ^F VARIANCE 
CRITICAL F VALUES 

OF SUM MEAN F 
SOS SOS 0.05 	C.11 	0.001 

TREATMEqTS 3 .00 .00 5.93 L.75 	q.78 	23.70 

RACES 2 .00 .00 1.=3 5.4_4 	10.90 	27.00  

ERROR 6 .0n .00 

TōTPL 11 .01 

RACE/ STREATI N7 + E'R OF:) VARIA`:;E RATIO = 	.607 



. 	414. 
Table A 6.12 :2-Fertile segmenet components-(Continued) 

9. Distance between the top of the central flower and the top 
of the segment (D-F). 

SUMM:%RY OF DATA 

TREATMENTS 
1 	2 	3 

	

i 	.03 	0 	.04 	.04 

	

RACES 2 	.01 	.03 	.03 	.02 

	

3 	.02 	0 	.02 	.03 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	MEAN 	F 
SOS 	SOS 	0.05 0.01 0.001 

	

ToSATMTNTS 	3 	.00 	.00 	1.43 	4.75' .9.78 23.70 

	

RACES 	2 	.00 	.00 	.81 	G.14 10.90 27.00 

	

ERROR 	6 	.00 	.00 

	

TOTAL 11 	.00 . 

RASE/ST?EATM=NT + £Rc'OR; VARIANCE RATIO = —.042. 



415. 
Table A 6.12 : 3-Fertile segm.4nt inaeci$-(Continued) 

1. Minimum width of the segment/Maximum width of the segment (C/B). 

;U"'A''Y OF DATA 

T`'.EATM.'NTS 
1 	3 	4 

	

1 	7.03 	0 	7.10 	7.6C 

	

gams z 	6.60 	6.90 	6.40 	7.40 

	

3 	7.E0 	3 	7.300 	7.60 

:.RCSI? E TRANSFORMATION AaPLIED TO,DATA 

TA°L= Or ANALYSTS OF-VARIANCE 

OF 	SUM 	MCH N 	F 	cRITIC L G VALUES 

	

SO.S 	SOS 

'TTLIT1 	T6 3 .C8 •33 3.91 4.75 	"9.7:% 23.73 

RACES 2 .01 ,00 .69 5.14 	10.5C F7.00 
8 ROR 6 -  .04 .01 

TOTAL 11 .12 

PACE/'TREATMENT f =RROR1 VARIANCE RATIO = 	-.C.39 

2. Length of the segment/Maximum width of the segment (D/B). 

'SUMMARY Or DATA 

TREATMENTS ' 
1 2 T L 

I 6.40 0 6.40 6.60 

RACES 	. , 	4.40 5.50 5.40 4.80 

3 5.00 c 5.40 5.00 

AR[7,S rMF 	TPAttSFORMATION 	APPLIED 

TaSLE 	')F 	A`ALYSIS 	Or VARIANCE 

OF 	SUM 

70 DATA 

MEAN F 
CRITICAL F VALUES 

SOS SOS 0.05 	0.01 0.001 

TP,EATUTS 3 .05 .02 3.25 4.76 	9.78 23.70 

RACES 2 .00 .00 .37 5.14 	1C.90 27.00 

ERROR 6 .04 .CI 

TOTAL 11 .10 

a.. 

RALE/(TRFATMNT ♦ C740? YAPIANCF. PATIO = 	-..?0 



416. 
Table A.- 6-1.2 :  3-Fertile segment indecis-(Continued) 

3. Observed length of .the.. lateral flower/observed length 
of the central flower. 

SU91ARY QF DATA 

1 
TREATMENTS 
2 	3 

I 5.50 0 5.51 7.20 

FACES 2 4.30 4.90 5.10 4.70 

3 4.40 0 4.30 5.20 

ARCSINE TRANSFORMATION APPLIED 

TAFLE OF ANALYSIS CF VARIANCE 

OF 	SUM 
SOS 

TO DATA 

MEAN 
SOS 

F 
• 

CRITICAL F VALUES 
0.05 	0.01 	0.001 

TREATMENTS 3 .C6 .32 3.65 4.75 	9.78 23.70 

. RACE$ 2 .01 .00 .57 5.14 10.90 27.00 

ERROR 6 .03 .01 

TCT4L 11 .09 

vA,CF/(TREATMENT + ERROR) VARIANCF RATIO =• 	-.057 

4. Total length. of the central flower/length of the segment (E/D). 

SUMMARY OF DATA 

TREATMENTS 
1 	2 	3 	4 

	

1 	10.10 	0 	4.P0 	10.20 

	

RACES 2 	13.20 	11.10 	.11.90 	13.70 

	

3 	12.60 	0 	12.10 	11.20 

A. SIU= TRANSFORMATION APPLIED TO DATA, 

T A?LE OF ANALYSIS OF 

OF 

VARIANCE 

SUM MEAN F 
CPITICAL F VALUES 

SOS SOS 0.05 	0.01 0.001. 
TocATMFNTS 3 .12 .14 5.08 4.76 	9.78 23.70 

RACES 2 .03 .02 1.96 5.14 	1ū.90 27.00 

ERROR 5 .05 .01 

TOTAL 11 .20 

- 

.(DACE/(TREATMENT r ERFOR) VARIANCE RATIO = 	.102 



TREATMENTS 
2 	3 

4.50 

4.40 

4.20 

1 

5.60 

1-.00 

3.90 

0 

4.20 

0 

4 

6.00 

4.20 

4.30 

CRITICAL  F VALUES 
SUM 
SOS 0.01 

9.78 

10.90 

0.05 

4.76 

.68 	5.14  

0.0 

23.0E 

27.00 

.05 

.01 

.02 

.08 

CF 

	

TREAT-NTS 	3 

RACES 2 

	

ERROR 	6 

TOTAL 11 

MEAN  
SOS 

.02 	3.88 

.00 

.00 

OF 

3 

Table A 6..12 : 3-Fertile seent indecis-(Continued) 

5. Observed length of the lateral flower/length of 
the segment (G/D). 

417. 

su-TAFY OF DATA 

1 

RACES ? 

3 

t 'CSINE TPANSFOR4ATION APPLIED TO DATA 
A 

TP9LE OF ANALYSIS OF VARIANCE 

GEE/;TPRA T,M=Nī + EF,RO=1 VARIANCE RATIO 

6. Observed length of the central flower/length of the segment (F/D). 

SUMXARY OF  DATA 

1 
8.50 

	

RACES 2 	9.43 

	

3 	9.00 

Ī.l 

TREATMENTS 
2 	3 

0 

8.50 

0 

L 

8.40 

8.80 

8.20 

8.30 

8.50 

P.70 

AwCSIN= TRANSFORMATION APFLIED TO DATA 

F 

TA?LE OF ANALYSIS OF VARIANCE 

TRgATI-:rNTS 

RACES 

ERROR 	6 

TOTAL 11 

MEAN 
SOS 

.03 

.01 

.01  

CRITICAL F VALUES 

0.O7 0.0.1 C.Z01 

4.32 4.76 9.78 23.7,0 

1.21 	5.14 10.90 27.01 

SUM 
SOS 

.09 

.02 

.04 

.15 

.C25 tTREAT"EYT + ER'OR) VARIANCE RATIO = 



418. 

Table 6.12 : 3-Fertile _segment indecis-(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 
TREATMENTS 

	

1. 	2 	3 	4 

1. 	1.29 	0 	1.52 	1.37 

RACES 2 	- .47 	1.19 	1.06 	.79 

3 	.74 	0 	.96 	1.26 

AROSTPE TRANSFORMATION APPLIED TO DATA 

iARLE OF ANALYSTS OF VARIANCE CRITICAL F VALUES 

	

OF 	SUM 	MEAN 	F 

	

SOS 	SOS 	0.05 0.01 0.301 

	

TREATMENTS 3 	.01 	.00 2.23 4.76 9.78 23.70 

.ACES 	2 	.00 	.10 	.25 	S.24 10.90 27.00 

ERROR 	6 	.01 	.00 

	

TorAL 11 	.02 

AcEitTREATmSNT + ERROR) VARIANCE RATIO = 	-.134 

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). 

SUMMA°Y OF DATA 

I. 
T°EATMENTS 
2 	3 L 

1 1.40 0 1.30 1.50 
RACES 2 2.80 2.00 2.50 3.30 

3 2.70 0 2.50 2.20 

ARCS/NF TRADSF0RMATION APPLIED 

TALE OF ANALYSTS OF '!ARIANCE 

OF 	SUM 	, 

TO DATA 

MEAN F 
CPITICAL F VALUES 

SOS SOS 0.05 	0.01 0.001 
TR AT`!!N'S 3 .02 .01 6.66 4.75 	9.78 23.70 

RACES 2 .01 .01 4.76 5.14 10.00 27.00 
ERROR 6 .01 .00 
TOTAL 11 .14 

c.`C_/t T REATmr:NT + .'2ROR; VARIANCE 'A'TO = 	.377 



419. 

Table 6.12 : 3-Fertile segment indedis-(Continued) 

9. Minimum width of the segment + length of the segment/2 x maximum 
width of the segment. (C+D/2B). 

5!.'mMARY 	OF 	DATA 

TPEATM=NTS 
1 2 3 4 

i 	6.70 0 5.80 	' 7.10 

RACES 	? 	5.50 6.30 5.90 6.00 
3 	6.80 0 6.30 6.80 

ARCSIN= TRANSFORMATION APPLITD TO DATA 

TARLc' OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF SUM MEAN F 
SOS SOS 0.05 	0.01 0.001 

TREATMENTS 	3 .07 .02  3.55 4.7c 	q.76  23 .70 

RACES 	2 .01 .00 .51 5.14 	10.90 27.30 

ERROR 	6 .04 .01 

TDT.L 	11 .11 

,RICE/(TREATMENT + ERROR) VARIANCE RATIO = 	-.055 

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). 

SU`"MARY OF DATA 

1 
TPEAT?4  EN TS 
2 	3 4 

1 14.50 0 14.30 13.40 

RACES 2 15.30 14.90 15.20 13.90 
3 15.50 0 13.90 13.20 

A^2.SIN_ TRANSFOPMATIOY APPLIED TO DATA 
• 

1IFLE 	OF ANALYSIS OF VARIANCE 

DF 	SUM 	MEAN F 
CRITICAL F VALUES 

SOS 	SOS 0.05 0.01 0.001 
TP_AT`F)ITS 	3 .15 	.05 4.26 4.76 9.78 23.73 

RACES 	2 .03 	.02 1.42 5.14 10.90 27.00 

ERROR 	6 .0 7 	.01 
TOTAL 	11 .26 

RICE/(TaESTMFN7 + ERROP) 	VARIANCE RATIO = .051. 



Table 6.12 :.3-Fertile segment indecis-(Continued) 

11. Total length of the central flower/length of the scarious 
border width at its tip..; (E/E-F), 

sulm4FY OF DATA 

TREATMENTS 
i 	2 	3 	4 

1 	61.80 	0 	64.40 	56.50 

RACES 2 	34.20 	42.40 	36.00 	27.90 

3 	34.80 	0 	35.70 	39.00 

ARCSINE TRANSFORMATION APPLIED TO DATA 

TABLE OF ANALYSIS fF VARIANCE 	
CRITICAL F VALUES 

OF 	SUM 	MEAN 	F 

	

SOS 	SOS 	0.05 C.C1 0.001 

TREATMENTS 3 	.52 	.17 2.56 4.76 0.73 73.70 

RACES 	2 	.08 	.04 	.56 	5.14 10.90 27.00 

ERROR 	6 	.41 	.07 

TOTAL 11 	1.01 

420. 

RACE/CTREATMFNT 	EP? ' 1vARTANCE RATIO = 	077 



421. 

Table A 6.13 

Results of analysis of variance for the 1-- Vegetative characters, 

2 - F.ertile segment components, and 	3- Fertile segments indecis 

of the three types of Salicornia in the. four levels of phosphorus' 

treatment. Growth experiment 1976. 

A - Key for the race number:- 

1.:- Salicornia dolichostachya 

2. Salicornia nitens 

3. Salicornia ramosissima 

B - Key for the treatments 

1.7- Experimental level 

2. Experimental level 

3. Experimental level 

4. Experimental level  

number:- 

of phosphorus 2 p.p.m. 

of phosphorus 4 p.p.m. 

of phosphorus 8 p.p.m. 

of phosphorus 16 p.p.m. 



422.. 
Table A 6.13 : 1-Vegetative characters- 

1. Shoot length. 

Cc LATA 

T7REATM NTS 
1 	.2 	3 

1' .18E+09* .22E+09'-  .15E+09* .16E+09 

RACES 2* .27E+U9* .31E+09* .25E+ti;* .29E+09 

3* .20E+09* .2s=+G9* .2L=+09* .26E+09 

TPPLE OF ANALYSIS CF VAFIANCE 

DF 	SUM 	MEAN 	F 
SOS 	SOS 	 G.05 0.C1 0.0.01 

	

ī aFATi1ENTS 	3 * .453E+1E* .151E+16 	2.60 	4.76  9.78 23.7C 

	

RACES 	2 + .213E+17*.  .16E+t7 	1-?.81 	5.14 1r.90 	27.03 

ERROR 	E * ..323E+16" .539=+15 

TOTAL 	].1 * .291E+17 

'-!11.f.S/(īREATNENT 4  ERr•O') VARIANCE .RATIO = 	2.939 

2. Root length. 
SUMNARY OF DAT r, 

T?EATv NT`' 
1 	2 	3 	4 

1* .76E+08* .69E+08* .60E+08' .56E+08 

RACES 2* .90E+C8* .92E+08* .92E+28*  .10E+09 

3* .71E+-08' .7?E+06* .83E+C8* .96E+08 

TABLE OF ANALYSIS OF VARIAF;CE 

CF 	SUM 	MEAN 
SOS 	'SOS 

CPI7I CAL F VALUES 

0.05 0.n1 0.001 

	

'TREATMENTS 	' .117E+15' .3°0E+14 	-.37 	4.75 9.78 23.73 

	

RACES 	2 * .177E+15' .8°9E+15 	8.40 	5.14 10.90 27.70 

	

ERROR 	6 ' .635E+15' .105E+15 

	

TOTAL 	11 * .255E+16 

RACE/(TRCATMENT + ERROR) Va^IANCE RATIO = 	2.343 

;2ITICAL F VALUES 



. 	423. 

Table A 6.13 : 1-Vegetative characters-(Continued) 

3. Total number of the primary branches from the main axis. 

Uxx0~ Y of DATA 	. 

7REATMENIS 
1 	2 	3 	• 4 

1* 	.35E+09* .42E+09% .30E+09* .31E+09 
RACES 2* 	.45E+09* .49E+09' .39E+09` .46E+09 

3* 	.32E+09* .37E+09* .33E+09* .41E+09 

TA:LE OF ANALYSIS OF VARIANCE 
C'ITICAL F VALUES 

OF SUM MFAN F 
SQS SCS 0.05 	G.C1 :..2C1 

TREATME=NTS 	3 .115E+17* .385E+16 2.70 4.76 	9.75 23.70 
RACES 	2 * .240E+17* .120E+i7 8.40 5.14 	1G.90 27.09 
ERROR 	6 * .R5AE+i6* .143=+1E 
TOTAL 	11 * .442E+17 

• RACEJ (TREATMENT + ERROR) VARIANCE RATIO = 	1.18'L 

4. Total number of sterile segments. in the main aii.s. 

e umMARY OF DATA 

TREATMENT 
2 3 

i* .17E+09* .21E+0q* .15E +09* .15E+09 
QACFS-2* .22E+09` .24E+09* .19E +09*'.23E+09 

3* .16E+09* .18E+09* .16E+09* .20E+09 

TA ;LE OF ANALYSIS OF VA?IANCF. 
OF SUM MEAN F 

C=ITICAL F VALUES 
SOS SOS D.05 0.01 0.001 

T^=ATM=NTS 3 * .277E+16* .924E+15 2.50 4.76 9.78 23.70 
RACES 2 * .596E+1 6* .298E+16 R.07 5.14 10.°C 27.152 
ERROR 6 " .221E+15' .369=+15 
TOTAL 11 * .109E+17 

RACEr:TREATmE;1T + r?=O^) VARIANCE PAT;n 7 	1.177 



Table A 6.13 : 1-Vegetative characters-(Continued) 

5. Terminal spike length. 

'SU"•,fF" OF 	OATA 

1 
TREATMENTS 
2 	3 L 

1* ..17E+08* .18E+08* 	.15E+08* .16E+08 
RACES 	?" 	.16c:+O8' .17E+08' 	.16E+08' .11E+08 

3' 	.94E+07* .70E+07* 	.14E+08* .55E+07 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF SUM 	MEAN F 
SOS 	SOS 0.05 	C.Ci 0.001 

T'FATMENTS 	3 * .276E+14* 	.922E+13 1.43 4.75 	°.78 23.70 

RACES 	2 * .145E+15* 	.727E+14 11.25 5.1.4 	10.90 27.00 

ERROR 	6 * .387E+•14* 	.645E+13 

TOTAL 	11 * .211E+15 

RACE/(TREATMENT + ERROR) VARIANCE RATIO = 	2.244 

6. Number of fertile segments in the ,terminal-spike. 

'UYMAEY OF DATA 

TREAT`FNTS 
1 	L 	3 	4 

1' .63E+08* .56E08* .60E+08' .64E+08 
RACES ?* .78E+08* .80E+08* .85E+08* .53E+08 

3'}  .61E+08* .43E+06" .80E+08' .33E+08 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUM 	MFAN 	F 
cos 	SOS 	0.05 0.01 0.001 

Ta=„TMEN1S 	3 - .973EE+15* .324E+15 	2.04 	L..7& 0.78 23.79 
RACES 	2 * .785E+15* .3°1E+15 	2.48 	5.14 10.90 27.00 

ERROR . 	* .952E+15' ,.158E+15 
TOTAL 	11 4 -.271E4.16 

RAGE/(TREATMENT + E'•7OOR) VARIANCE RATIfl = 	.774 

424. 



• 425. 
Table.A 6.13 : 1-Vegetative characters-(Continued) 

7. 	Length of the lowermost branch from the main axis 	(cm) 

'SUNMAPY CF DATA 

TREATMENTS 
1 	2 	3 

	

1* 	.84E+08* 	.11E+09' 	.10E+09* 	.90E+08 

	

1ACES 2* 	.10E+09* 	.12E+09' 	.15E+09* 	.12E409 

3* 	.59E+08* .65E+C5*•.12E+09* .i1E+G9 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF SUM 	MEAN F 
SQS 	SOS 0.05 0.C1 i:.CG1 

TPEATMENTS 	3 * .255E+16* 	.851E+15 2.43 4.76 9.76 23.7c 

RACES 	2 . .3;1=+16* 	;1,-70E+16 4.29 5.14 10.90 27.00 

.ERROR 	6 * .210E+16* 	.350EE+15 

TOTAL 	11 * .766F+16 

°. F (TREATI ENT + F?':CR) VARIANCE RATIO = 	.558 

8. 	Length of the uppermost branch from the main axis 	(cm) 

c Jr.::;r,?Y 	OF 	OAT3 

Tv.ZATMPOS  
1 	2 	3 	4 

1* 	.12E+08' .10E+08' .12E+08* .11E+08 

RACES ?* 	.115+08* .13E+05* .11_+08* .87E+07 

3* 	.95E+07* .55E+07' .11E,+08* .49E+07 

1- 111.. 	OF 	ANALYSIS3 OF VAP.iANCE 
CRITICAL F VALUES 

OF SUM MEAN F 
SOS Sf.S 0.05 0.01 0.001 

TOEATI._NTS 	3 " .197E+14* .653E+13 1.R2 4.76 9.78 23.72 

WaCES 	2 ' .390.1+14* .195E+14 5.41 5.14 10.40 27.03 

ERROR 	6 * .216_+t4' .361E+13 

TOTAL 	11 ' .805E+1.4 

'3::tTREAIx7'dl + 'RPO) VACT_ANr2F 7;A1 I7 .365 



426. 

Table A 6.13 : 1-Vegetative characters-(Continued) 

9. The Angle of the uppermost branch from the main axis. 

?UYMARY OF DATA 

T PEATt•?EN T S 
1 	2 	3 

1* .30E+09* .34E+09* .33E+09* .29E+09 

RACES 2's .52E+09* .51.E+09* .35E+39* .49E+09 

3* .55E+09* .35E+09* .50E +09* .42E+Co 

TALE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUM 	MEAN 	F 
SOS 	SOS 	0.05 C.C1 0.001 

	

'.• sī„ t•!TS 	3 * .719E+16* .239E+16 	.36 	4.76 9.78 23.70 

	

RACES 	2 * .583=+17* .291E+17 	1..42 	5.14 10.90 27.00 

	

ERROR 	E 	.395:+17* .661E+16 

	

TOTAL 	11 * .105r.+18 

RACE/ STREAT"".ENT + FJ°Oft) VARIANCE RATIO = 	1.084 

10. The Angle of the lowermost branch from the main axis. 

, .1,TN ARY OF OAT!. 
TE=A.TM;=NIS 

1 	2 	3 	4 
1* .34E+09* .37E+09*. .45E+09,  .40E+09 

RACES 2* .51E+09* .52E+09* .45E+09* .55E+09 

3. 	0* .4E+09* .56E+09' .55E+09 

TA93LE OF ANALYSIS OF VARIANCE 

OF 	SUM 	MEAN 	F 
	CRITICAL F lt'LU S 

SQS 	SOS 	0.05 0.C1 0.001 

	

-a-ATMEr;TS 	3 * .901E+17" .300E+17 	1.33 	4.76 9.78 23.7; 

	

RACES 	2 * .398E+17* .199=+17 	.88 	5.14 10.90 27.00 

	

ERROR 	6 * .135E+18* .226E+17 

	

TOTAL 	11 * .286=+18 

ACE/SīoEATMENT 4 - Er,!.ORp VARIANCE RATIO = 	-.027 



427. 
Table A 6.13 : '2-Fertile segment components-(Continued) 

• 

1. 	Maximum width of the 2nd segment 

S 4.:N)3ARY 	OF 	DATA 
TREATMENTS 

(A). 

1 2 3 
i .32 '0 .35 0 

RACES 2 .36 .4t .37 .35 
3 .26 .27 .29 .27 

TASLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES OF SUM MRA`) F 

SOS SOS 0.05 	0.01 	C.001 
' TO'ATm.EMTS 3 .C4 .01 .91 4.76 	9.78 	23.70 

RACES • 2 .08 .04 3.10 5.14 10.90 27.00 
ERROR s .08 .a_ 
TOTAL 11 .2C 

RACE/ ;TREATMENT * FRFOR..) VARIANCE RATIO = .543 

2. Maximum width of the 4th segment (B). 

SUMMARY Cc DATA 

TREATMENTS 
2 	.3 

1 .31 0 .32 C 

RACES 2 .31.. .39 .37 , ... .35 
.26 .27 .28 .26 

TAR'  F CF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF TUN MEAN F 
SOS SOS 0.05 C.01 1.701 

TREATMENTS 3 .23 	• .01. .91 4.76 9.78 23.7 
RACE'S 2 .08 7.52 5.14 10.90 27.00 
ERROR 
TOTAL 

6 
it 

.07 

.18 
.01 

RACE /(TR'.".TN=iJT 	FROCR) VARIANCE RATIO = .6149 



428. 

Table A 6.13 : 2-Fertile segment components-(Continued) 

3. Minimum width of the 4th segment at the base (C). 

iSU"NA?Y OF DATA 

TREATMENTS 
I 1 2 3 

I .24 0 .25 n 

T RACES 2 .22 .28 .26 .25 

3 .19 .19 .20 .20 

TA?LE OF ANALYSIS OF VARIANCE 
C°ITICAL F VALUES 

DF SUM MEAN F 
SOS- SOS 0.05 	0.01 	0.001 

TREATMENTS 3 .02 -  .01 .52 4.76 	9.78 	23.70 

' 	RACES 2 .03 .02 2.36 5.14 	10.90 	27.00 

ERROR 6 .04' .01 

TOTAL 11 .09 

VAC'/(TREATMENT + ERROP1 VARIANCE PATIO = 	.351 

4. Length of the segment (D). 

SiU`1YARY OF DATA 

TREATMENTS 
1 2 3 4 

i 1 .22 0 • .21 0 

RACES 2 .16 .20 .17 .15 

7 .16 .17 .17 .16 

'AELE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	MEAN 	F 
SOS 	SCS 	0.05 0.01 0.001 

	

TREATMENTS 3 	.01 	.00 	.6 4.76 9.78 23.70 

RACES 	2 	.01 	.30 	.89 	5.14 10.90 27.03 

ERROR 	6 	.03 	.01 

	

TOTAL 11 	.05 

RACE/(TREATMENT + ERROR) VARIANCE PATIO = 	-.028 



Table A 6.13 : 2-Fertile-segment components- (Continued) 

5. Total length of the central flower (E). 

SUm”APY OF OATA 

TREATMENTS 
1 	2 	3 

1 	.21 	0 	.20 	n 

' RACES 2 	.22 	.23 	.21 	.21 
3. 	.17 	.21 	.19 	.19 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	N=AN' 	F 
SOS 	SOS 	0.05 0.0i. 0.001 

	

TFAJ E4TS 	3 	.71 	.70 	4.76 9.78 23.70 

	

RACES 	2 	.03 	.01 	2.7i 	5.14 10.90 27.0C 

	

ERRI:K 	5 	.03 	.01 

	

TOtAL i1 	.07 

RRCE/ (TREAT HENT• t ERROR) VARIANCE RATIO = 	.476 

6. Observed length of the central flower (F) 

2M;'A4Y OF  t'ATA 
TREATMENTS 

1 	2 	3 	4 

	

1. 	.19 	0 	.17 	0 

• RACES ? 	.13 	.17. 	.16 	.15 

	

3 	.13 	.16 	.15 	.14 

T47I E OF ANALYSIS OF VARIANCE 
CRITI_CAL F VALUES 

	

OF 	SUM 	MEAN 	F 
SOS 	°OS 	0.05 0.01 0.001 

	

T=EATt';NT3 3 	.01 	.00 	.71 4.76 9.78 23.70 

{FACES 	2 	.0i 	.00 	1.14 	5.14 10.90 27.0G 

ERROR 	6 	.02 	.00 

TOIrRL 	11 	.04 

429. 

RA: /(TREATM•'_'NT + ET:021 VARIANCE RATIO = 	.OLo 



430. 

Tab1eA 6.13 : 2-Fertile seo-ment corm onents-(Contiued) 

7; Observed length Of the lateral flower (G) 

,. -..;u!.m411RY 	OF 

1 

i ATA. 

.10 
1  

TREATMENTS  MENTS 

0 	.10 C 

RACES 2 .05 .07 .07 .07 

:, .05 . 	.07 .08 .C7 

TALE OF ANALYST_ Or VARIANCE 
CRITICAL F VALUES 

OF SUM MEAN F 
SQ5 SQE 0.05 	0.01 	0.001 

TFEAT11TS 3 .00 .00 .95 4.76 	9.78 	23.70 

RACES 2 .:)0 .00 .41 5.14 10.90 	27.00 

ERROR 5 .01 .00  ,- 

TOTAL 11 .01 

• RAC=f tTREATMENT + ERROR) VARIANCE RATIO = 	-.151 

8. Length of the scarious border width at its tip (E-F). 

.. ~E}'APy OF DATA 

TREATMENTS 
1 2 	3 4 

1 .03 0 .00 0 
RACES 2 .08 .01. .11 .06 

3 .04 .01 .04 .05 

TA'L_ OF ANALYSIS 

OF 
OF VARIANCE 

SUM MEAN F 
CRITICAL F VALUES 

SQS SOS 0.05 0.D1 0.001 
I ;REAT"ENTS 3 .00 .01 3.43 4.76 9.78 23.70 

RACES 2 .00 .10 3.03 5.14 10.90 27.C:, 
ERROR 6 .00 .00 

TOTAL 11 .01 

RACE/(TREATMENT + ERPOR) VARIANCE RATIO = 	.781 



Table A 6.13 2-Fertile segment components-(Continued) 

9. Distance between the top of the central flower and the top of 
the segment. 	(D-F). 

SUMMARY OF DATA 

1 	. 
TREATMENTS 
2 	3 s 

1 .03 0 .m. C 

RACES 2 .02 .02 .31 .01 

3 .03 •.07 .0 1 .02 

TABLE OF ANALYSIS ^.F VARIAMCE 
CRITICAL F VALUES 

OF SUM MEAS! F 
SOS SOS o.os 0.01 0.001 

TCEATMENTS 3 .70 .CO .65 4.76 9.78 23.70 

RACES 2 .10 .00 .9i 9.14 10.90 27.06 

ERROR 6 .00 .00 

TOTAL 11 .00 

431. 

RACE/(TREATMENT + ERROR) VARIANCE PATIO = 	-.025 



432. 

Table A.f..13 : 3-Fertile segnor t indecis-(Continued) 

1.• Minimum width of the segment/Maximum width of the segment (C/B). 

SU"T'ApY OF DATA 

TREATMENTS 
1 	2 	3 	4 

	

1 	7.70 	0 	7.70 - 	0 

	

RACES 2 	5.60 	7.20 	7.30 	7'.10 

	

3 	7.50 	6.90 	7.20 	7.60 

ARCSINE TRANSFORMATION APPLIED TO DATA 

TAnLE OF ANALYSIS OF VARIANCE 
CRITICAL r VALUES 

	

OF 	SU`! 	MEAN 	F 
SOS 	SOS 	 n.05 0.01 0.001 

	

TPEAT1 NTS 	3 	.03 	.31 	.95 	4.76 9.76 23.70 

	

ACES 	2 	.05 	.02 	2.51 	5.14  It.93 27.0ī 
ERROR - 	S 	.05 	.01 

	

TQTAL 11 	.12 

RACE/tTREATMENT t ERROR) VARIANCE PATIO = 	.334 

2. .Length of the segment/Maximum width of the segment (D/B). 

Sv>1MA R V Or DATA 

TREATMENT 
1 	2 	3 	4 

	

1 	6.00 	0 	6.70 	0 

	

RACES 2 	4.70 	5.00 	4.50 	4.50 

	

3 	5.40 	6.2C 	5.90 	6.10 

A9CSINE TRANSFORMATION APPLIED TO DATA 

TAELF OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUN 	XCAN 	F 
Sfl; - SOS 	0.05 0.01 C.0‘11 

	

TREATMENTS 3 	.02 	.01 	.98 4.76 9.78 23.70 

RACES 	2 	.C3 	.02 	1.93 	5.14 10.90 27.00 

ERROR 	6 	.05 	.01 

	

TOTAL 11 	.10 

?ACE., (īRE,1MENT + ERROR) VARIANCe RATIO = 	.234 



TREATMENTS 
2 	3 

0 
3.80 
4.L0 

i 

5.70 
4.6,0 
4.80 

0 

4.40 
5.30 

5.00 
4.20 
5.00 

TA2LE OF ANALYSIS OF VARIANCE `. 

TREATMENTS 
RACES 
ERRaR 
TOTAL 

CRITICAL F VALUES 
'1.05 0.01 	0 .501 
4.7E 9.78 23.70 
5.14 10.90 27.03 

OF 

3 
2 
6 

11 

1.12. 
2.06 

SUM 
SOS 
.02 
.03 
.04 
.08 

1 

RACES 2 
3 

1 

9.80 

13.70 

11.60 

	

9.30 	0 

	

11.80 	12.40 ' 	13.50 

	

12.80 	11.40 	11.60 

TREATMENTS 
2 	3 

0 

433. 

Table A 6.13 : 3-Fertile segment indecis-(Continued) 

3. Observed length of the lateral flower/observed length of the central 
flower,. 

SIPSAFY OF UATA 

1 

' RACES 2 
T 

A^'.CSINE TRANSFOR.ATION AFPLIEO TO • DATA. 

a8CE/ :TREATMENT + ERROR) VA .°,IANCE RATIO .250  

4. Total length of the central flower/length of the segment ;(E/D). 

S!JMMARY OF DATA 

A?CST'1.7 TRANSFORMATION APPLIED TO DATA 

TA!'LE OF ANALYSIS OF  VARIANCE 

	

OF 	SUN 
SOS 

	

3 	.03 

	

2 	.11 

	

6 	.07 

	

ii 	.21 

CRITICAL F VALUES 

	

MEAN 	F 

	

SOS 	 0.05 0.01 0.001 

	

.01 	.87 4.75 9.78 23.70 

	

.05 	4.63 	5.14  10.,1 0 27.00 

.01 

TREATMENTS 

RACES 

ERROR 

TO TA L 

RACE/(TREAT''=NT + ERROR) VARIANCE ?CTIO .9:.7 



434. 

Table A 6.13 : 3-Fertile segment indecis-(Continued) 

5. Observed length of the lateral flower/length of the segment (G/D). 

.SU"'{ARY OF DATA 
TREATMENTS 	4 1 	2 

	

1 	4.4 	0 	4'qC 	0 

	

RACES 2 	3.90 	3.30 	3.80 	4.20 

	

3 	3.R0 	4.20 	4.70 	4.50 

ARCSINE TRANSFORMATION APPLIED TO DATA 

TAELE OF ANALYSIS 
OF 

OF VARIANC= 

SUM 	MEAN - F 
CRITICAL F VALUES 

SOS 	SOS 0.05 0.01 0.001 

TREATNENTS 	3 .C2 	.01 1.01 4.76 9.78 23.70 

RACES 	2 .02 	.01 2.24 5.14 10.90 27.00 

ERROR 	6 .03 	.01 

TOTAL 	11 .07 

RACE/(TREATMENT + ERROR) 	VARIANCE PATIO 4 .310. 

6. Observed length of the central flower/length of the segment (F/D). 

SUMMARY OF DATA 

TREATM=NTS 
1 	2 	3 	4 

	

1 	8.60 	0 	8.?0 	C 

	

RICES 2 	3.50 	8.80 	9.20 	9.40 

	

3 	8.00 	9.6S 	9.20 	8.60 

'ARC-51N5 TRANSFORMATION APPLIED TO DATA 

',TA3LE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUM 	MEAN 	F 
SOS 	SOS 	0.05 0.01 0.001 

	

l'P ATM'NTS 	3 	.03 	.01 	..37. 	4.76 9.78 23.70 

	

RACES 	2 	.06 	.0.3 	3.21 	5.14 1t,.?0 	27.00 

	

ERROR 	6 	.06 	..1 

	

TOTAL, 11 	.15 

RACE/(TREATMENT + F7ROR) •/ARIANCE PATIO = 	.578 



435. 
Table A.6.13-: 3-Fertile segment -indecis-(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 OATA 
TREATMENTS 

1 2 S 4 

i 1.24 0 1.60 • 0 
'RACES 2 .99 .94 	. .64 .40 

3 1.60 .30 .64 1.07 

ARCCTNF TRANSFORMATION APPLIED TO OATA 

TA5L£ OF ANALYSIS 

OF 

OF VAQIAN'CE 

$UM 4EAN F 
CRITICAL F VALUES 

SOS SCS 0.05 0.01 0.001 
TREATMENTS 3 ,.01 .n0 1.70' 4.76 9,78 23.70 

RACES 2 .00 .00 .59 5.14 10.90 27.00 
ERROR 6 .01 .00 
TOTAL 11 .02 

RACETREAT`tFNT. +' ERROR) VARTA?ICr' RATIO = 	-.06? 

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). 

FU,-NARY OF OATA 

1 
RACES 1 

3 

1 

1.30 

r, 

2.90 

• TREATMENTS 
. 3 	4 

	

2.20 	-0 	3.40 

	

-n 	-0 	2.00 

	

-0 	1.00 	0 

AiZ::SINE TE,A1aSFCPvATIOy APPLIES TO OATA 

TASLF' OF ANALYSIS OF VAPIA*10E CRITICAL F. VALUES 

	

OF 	SUM 	MEAN 	F 
SOS 	SO? 	0.05 0.01 U.001 

	

TREATMENTS 3 	.01 	.00 	.59 4.76 9.78 23.70 

RACES 	2 	.01 	.01 	.95 	5.14 12.90 27.20 

ERROR 	6 	.04 	,C1 

	

TOTAL 11 	.07 

RACE/ (TREATMENT + ERROR) VC PIAnC ? r,  rI J = 	-.015 



436. 

Table A 6.13 : 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). 

S'MMARY OF DATA 

IDEAAT4ENTS 
1 	2 	3 	4 

	

i 	7.30 	0 	7.20 	0 

	

RACES 7 	5.70 	6.10 	5.80 	5.50 

	

3 	6.99 	6.50 	6.50 	6.90 

AQCSINF TRANSFORMATION APPLIED TO DATA 

TABLE OF ANALYSIS OF VARIANCE 

F S 	
CRITICAL F VALUES 

	

DF 	SO 	MSOS 	r 	0.95 0.01 0.001 

	

TREATM=NTS 3 	.02 	.01 	.96 4.75 9.78 23.72 

RACES 	2 	.04 	.02 	2.22 	5.14 10.90 27.00 

ERROR 	6 	.05 	.01 

	

TOTAL 11 	.11 

RACE/(TREATMENT . ERROR) VARIANCE 2ATIO = 	.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 

T==ATMENTS 
1 	2 	3 	1. 

	

1 	13.30 	0 	13.60 	0 

	

RACES ? 	15.70 	14.30 	14..20 	14.20 

	

3 	13.30 	44.50 	14.10 	13.40 

.°CSINE TRANSFORMATION APPLIED TO DATA 

TABLE OF ANALYSIS 

OF 

OF VARIANCE 

SUM 	MEAN F 
CRITICAL F VALUES 

SOS 	SOS 0.05 0.01 0.091 

TREATMENTS 	3 - .05 	.02 1.05 4.76 9.78 23.70 

RACES 	2 .11 	.05 3.41 5.14 10.90 27.00  

ERROR 	5 .09 	.02 

TOTAL 	11 .25 

PACE/(TREATMENT * F?c0F_) 	VARIAN^.E PATIO = .59; 



437. 

Table A _16.13 : -3-=Fertile segment indecis-(Continued) 

11. Total length of the central flower/length of the scarious border 
width at its tip (E/E-F). 

SUMMAPY OF DATA 
TREATMENTS 

1 	2 	3 	4 

	

1. 	81.50 	0 	80.70 	0 

	

RACES 2 	25.10 	39.20 	38.2C 	32.90 

	

3 	40.90 	40.00 	51.40 	39.70 

AGCSINE TRANSFORMATION APPLIED TO DATA 

CRITICAL F VALUES 

	

OF 	SUN. 	MEAN 	F 
SOS 	SOS 	0.05 0.01 0.001 

	

TQEATM=NTS 3 	.44 	.15 	1.05 4.76 9.78 23.70 

RACES 	2 	.05 	.02 	.17 	5.14 10.90 27.00 

ERROR 	6 	.83 	.14 

	

TOTAL 11 	1.33 

TAPLE OF ANALYSIS OF VARIANCE 

RACEftT4.EATN,ENT t ERROR) VARIANCE RATIO = 	-.202 



438. 

Table A 6.14 

Results of analysis of variance for the 1- Vegetative characters, 

2 -F ertile segment components, and 	3- Fertile segments indecis 

of the three types of Salicornia in the four levels of sodium chloride 

treatment. Growth experiment 1976. 

A - Key for the race number:- 

1. Salicornia dolichostachya 

2. SaZicornia nitens 

3. Salicornia rawosissima . 

B 	- 	Key for the treatments number:- 

1.  Experimental level of Sodium chloride 5% 

2.  Experimental level of Sodium chloride 1.3% 

3.  Experimental level of Sodium chloride 0.65% 

4.  Experimental level of Sodium chloride 2.5% 



439. 
Table A 6.14 : 1-Vegetative characters- 

1. Shoot length. 

S'imMAPy oF DATA 

TREATMENTS 
2 	3 

i* .23E+09* .29E+09' .35E+09* .24E+09 

RACES 2* .19E+09* .30E+09* .36E+C9* .25E+09 

3* .22E+09* .31E+09* .39E+01-  .26E+C9 

TPr?L F OF ANALYSIS OF VARIANCE 
CFITICAL F VALUES 

OF 	SUM 	MEA' 	F 
SOS 	SOS 	0.05 0.C1  

	

'QEATMENTS 	3 * .395E+17* .131E+17 	62.83 	4.76 9.78 23.7C 

	

RACES 	2 * .126E+16` .630F+15 	3.00 	5.14 10.90 27.00 

	

ERROR 	6 * .125E+16* .209E+15 

	

TOTAL 	].1 * .420E+17 

PACE/(TREATMENT + ERROR} VARIANCE RATIO 
F  T_ .073 

2. Root length. 

SUMMARY OF 0ATA 

T.^,EATMENTS 
i 	2 	4 

1* .95E+28* .96E+08* .10E+19* .10E+09 

.ACES ?* ,91=+08* .10E+09* .87E+08* .96E+08 

3'} .10E+39* .93E+08* .10E+01* .75E+08 

iA9LE OF ANALYSIS OF VARIANCE 

DF 	SUM 
	

M=AN 	F 
	CRITICAL F VALUES 

SQS 	• SOS 
	

0.05 0.01 	0.001 

	

TREATMENTS 	3 * .629E+14* .2E9E+14 	.14 	4-.76 9.78 23.7C 

	

RACES 	2 * .609E+14* .304E+14 	.20 	5.14 10.40 27.00 
ERROR . 6 * .908E+15* .151_+15 

	

TOTAL 	ii * .103E+16 

• =ISCE/(T R EATMENT + _RPOR) VARI A CE RATIO = 	-.280 



Table A 6'.14 l-Vegetative characters--(Continued) 

3. Total number of the primary branches from the main axis. 

3;;..1AY Cr OATA 

TREATMENTS 
1 2 3 4 

1+' .34-+09,. .39E+0°S' ..47E+09* .36E+09 
RACES 2+ :38=+29* .5?E+09' .60E+39* .50E+09 

3' .3Sr+09* .49E+09* .59E+09* .42E+C9 

TAgLF OF ANALYSIS 

OF 
OF VARIANCE 

SUM 	MEAN 
SOS 	SOS 

F CRITICAL F 
C.05 	0.61 

VALUE'S 

C.001  
TREATMENTS 3 * .569E+17* .199E+17 17.65 4.76 9.78 2S.70 

RACES 2 * .330E+17* .165E+17 15.38 5.14 10.90 :7.00 
ERROR 6 * .645_+16* .1C7_+16 
TOTAL 11 * .964E+17 

RPG61tTREATM NT + EF.0OR1 VARIANCiE RATIO = 	.549 

4. Total number of sterile segments in the main axis. 

sJMMARY OF OATA 

1 
TREATMENTS 
2• 	3 

1* 	.17E+09* .19E+09* 	.23E+09* .18E+29 
• g,cES 2' 	.i9E+09* .23E+09* 	.30E+09* .25E+09 

3* 	.18E+09* .24£+09* 	.29E+09* .21E+09 

TA?L= OF ANALYSIS OF VARIANCE 

OF SU"! 	MEAN F 
CRITICAL F VALUES 

SOS 	SOS 0.05 0.91 0.011 
TRFAT'IFNTS 	3 	̀  .145E+17* 	+85E+15 23.98 4.76 9.78 23.7. 

RACES 	7 * .319E+16* 	.4095+16 20.20 5.14 10.90 77.'61 
ERROR 	6 * .121E+16' 	.202E+15 
1DTAL 	11 * .240E+1.7 

440. 

RALE/CTFEAT"=N1 	ER2r)':1 VARIA"!CE. R,ATi^ _ 



441. 

Table A 6.14 : /-Vegetative characters-(Continued) 

5. Terminal spike length. 

SWYAFY OF DATA 

TREATMENTS  
1 	2 	3 

1* .31E+07* .12E+08* .26E+08* .11E+08 

RACES 2* .32F+07* .18E+08* .23E+08* .14E+08 

3* .23E+07* .12E+08* .24E+68* .65E-07 

TABLE OF ANALYSIS OF VARIANCE 	 CRIT'CcL F VALUES 

	

i M 	MEA4 	F OF 	SOS 	SOS 	 0.05 0.01 1...001 

TPEAT"ENTS 	3 * .719E+15* .239EE+15 	40.22 	4.76 '?.78 23.7' 

RfCE3 

ERROR 

TOTAL 

2 * .235E+14* .117E+14 	1.97 	5.14  10.90 27.00 

6 * .357E+14* .SQ5=+13 

11 * .779E+15 

T.ACE!(*R-A7uENT + ERROR) VARIANCE °ATIO = 	.017 

6. Number of fertile_segments in the terminal spike. 

,jr11A; OF DATA 

'REA T`IEN7s 
1 	2 	3 	4  

.13E4-08' .43E+05* .11E+J9* .50E+08 

RACES 2K .16E4-08' .86E+OE* .11E+09* .78E+0B 

3* .13E+03* .75E+05* .13E+09* .39E+08 

TABLE OF ANALYSIS OF VARIANCE CRITICAL F VALUES 
OF 	SUM 	MAN 	F 

SOS 	SOS 	 0.05 0.01 0.001 

TFEATNENīS 	3 * .168E+17* .562E+16 	23.96 	4.7E 9.76 23.70 

RACES 	2 * .6°6E+15* .348c+i; 	1.48 	5.14 10.9E 27.00 

ERRO 	6 * .140E+16* .2.34E+15 

TOTAL 	It * .189E+17 

,.01C5/:TREAT + .705'0 7.) VAF7AN7;E EA-IO .014 



Table A 6.14 ; 1-Vegetative characters-(Contiued) 

7. Length of the lowermost branch from the main axis. 

SU"`!ARY OF DATA 

1 
TREATMENTS 
• 2 	3 

1* .64E+08* .10F+09* .15E+09* .91E+08 

RACES 2.* .52E+C8" .13E+09* .11E+09* .91E+03 

3* .80E+08" .12E+09* .22E+09* .11E+09 

"d?LE OF ANALYSIS OF VARIANCE 

CF SUM MEAN F 
CRITICAL F VALUES 

SOS SOS 0.05 0.01 0.:,71 

;TREATMENTS * .150E+17* .502E+16 6.81 4.76 9.78 23.70 

RACES 2 * .376E+16' .188E+16 2.55 5.14 10.90 27.00 

EWA • 6 * .443E+16* .738E+15 

TOTAL 11 * .232E+17 

RACE/(TREATMENT + ERROR1 VARIANCE RATIO• = 	.132 

8. Length of the uppermost branch from the main axis. 

S!.''1.'.'A?Y 	OF 	DATA 

1 

	

1* 	.66E+07* 

	

:ACES 2* 	.64,E+07* 

	

-* 	.SE+87 

7"REATMVNTS 
2 	3 

	

.15E+02* 	.19E+08* 

	

.18E+08* 	.20E+08* 

.84E+07*•.15E+08' 

4 

.10E+G8 

.11E}C8 

.58E+07 

7A3LE OF ANALYSIS OF VARIANCE 

CF SUM 	MEAN F CRITICAL F VALUES 

SOS 	SOS 0.05 G. C1 0.201 
r7RATM_NTS 	3 * .294=+15* 	.983E+14 4$.42 4.76 9.78 23.7C 

ROLES 	2 * .320E+14` 	.410E+14 16.88 5.14 10.90 27.00 

ERRor 	6 * .145E+14* 	.243E+13 

TOTAL 	11 * .391E+15 

RPCE/(TREATmENT . ERROR) VARIANCE RATIO s 	•211 

442. 



443. 

Table A 6.14 : 1-Vegetative characters-(Continued) 

9. Angle of the uppermost branch from the main axis. 

SU` MARY OF DATA 
15A.TME„TS • 
2 	3 

i* .33E+09* .31E+09 	-0* .30Ef09 

RACES 2* .25E+09 -0 	-0* .31E+09 
3* .32E+G9 	-0* .34E+09* .29E+09 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUM 	MEAN 	F 
SQS 	SQS 	0.05 0.01 0.001 

	

TPEATMENTS 	3 * .1165+18* .388E+17 	1.91 	4.76 9.78 23.70 

	

RACES 	2 t  .245+17* .122E+17 	.61 	5.14 10.90 27.0G 

	

ERROR 	6 * .121E+18* .203E+17 

	

TOTAL 	11 * .262E+18 

' RACEt (TPEATMENT + ERROR) VARIANCE RATIO = 	-.076 

10. Angle of the lowermost branch from the main axis. 

SlY.:-.ARY OF 0i{TA 

TREATMENTS 
1 	2 	3 	L 

1* .31P+09* .30E+09* .380E+09* .26E+09 
RACES 2* .45=+04* .4GE+09' .3LE+39* .1,2_+(9 

3* .39E+09* .29E+09* .38E+09' .21E+09 

TABLE OF ANALYSIS OF VARIANCE 

OF 	SUM 	MEAN 	F 
S!]S 	SOS 	0.05 C.01 C.ūCi 

	

TRE ATKENTS 	3 * .126E+17* .420E+16 	1.12 	4.76 9.78 23.70 

	

RACES 	2 " .212E+17* .1C6E+17 	2.83 	n.14 10.90 27.00 
ERROR 	6 * .2245+17* .374516 
TOTAL 	11 * .563E+17 

RACE,(TREATMrNT + ER OR) VARIANCE RATIO = 	.441 

CRITICAL F VALUES 



444. 

'Z 

Table A 6.14_:'2-Fertile, segment components-(Continued) 

1. Maximum width of the grid segment 

t"MARY OF DATA 

1 
TREATMENTS  
2 	3 4 

1 .35' .38 .43 .35 
'RACES 2 .30 .34 .31 .36 

3 .28 .31 .35 .30 

ADL F OF ANALYSIS OF VARIANCE `(. , ' CRITICAL F VALUES 
OF SUN MFAN F 

SOS SOS .•. 1  0.05 0.01. 6.001 

TREATMENTS 3 .00 .00 1.73 '4.75 9.78 23.70 

RACES 2 .01 .01 5.F9 5.14 10.90 27.uC 

ERROR 6 .01 .00 

TOTAL 11 .02 

3ACE/(TRFATM£NT + ERROR) VARIANCE RATIO = 	.944 

2. Maximum width of the 4th segment (B). 

OF £'ATA 
TREATMENTS 

1 	2 ___ 3  

	

1 	.31 	.34 	.42 	.33 

	

RAGES 2 	.26 	.31 	.30 	.30 

	

3 	.26 	.28 	.33 	.23 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	M=AN 	F 
SOS 	SOS 	 0.05 C.91 0.001 

	

TREATMENTS 3 	.01 	.00 	5.09 L.76 9..78 23.70 
RACES 	2 	.01 	.01 	9.F1 	5.14 10.90 27.30 
MOP 6 .00 .00 

	

TOTAL 11 	.03 

RACE/(TREATMENT • ERF09) ,;AarANc_ aATTO = 	.932 



445. 

Table A 6.14 : 2-Fertile segment components-(Contiued) 

3. Minimum width of the 4th segment at the base (C). 

i s 'i 	Tv or DATA 

' TREAT"'=NTS 
1 	2 	3 	a 

	

1 	.27 	.27 	.32 	.22 

	

RACES 2 	.22 	.25 	.25 	.25 

	

3 	.21 	.23 	.24' 	.19 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	SUM 	MEA4 	F 
SOS 	SOS 	0.05 0.01 0.001 

	

 

TArATMrNTS 3 	.00 	.00 3.54 4.76 9.78 23.70 

RACES 	2 	.01 	.00 	6.79 	5.14 10.90 27.00 

	

MDR 6 	.00 .00 

	

TOTAL 11 	.01 

• RACE/ (TREATNENT + ERROR) VARIANCE RATTO = 	.784 

4. Length of the segment (D). 

{ Slfl'4MAPY OF DATA 

TREATMENTS 
1 	2 	3 	4  

	

1 	.21 	.24 	.23 	.21 

	

RACES 2 	.1.7 	.17 	.21 	.15 

	

3 	.14 	.17 	.16 	.12 

TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUN 	MEAN 	F 
Stas 	SOS 	7.85 0.11 0.001 

	

TR£ATNEtTS 3 	.00 	.03 7.75 4.76 9.78 23.70 

RACES 	2 	.01 	.01 	39.11- 	5.1k 10.90 27.03 

ERROR 	6 	.00 	.00 

	

TOTAL 11 	.02 

0 ;CE / (TREATt1ENT 	5QROR) vAmA"!c° .ATIO = 



. 446. 

Table A 6.14 ; 2-Fertile segment components-(Continued) 

5. Total length of the central 	(Ē). 

S '3:-iMARY OF `3aTA 
TR ATMEMTS 

1 	? 	3 	4  

	

1 	.23 	.27 	.25 	.25. 

	

RAGES 2 	.16 	.19 	.22 	.18 

	

3 	.18 	.21 	.22 	.19 

TA9LE OF ANALYSIS OF VARIANCE 

	

OF 	 SUM 	MEAN' 	F 
SOS 	SOS 

	

TPEATMENTS 	3 	.00 	.00 	.6.04 

	

-RACES 2 	.0i 	.00 25.79 

	

ERROR 	6 	.00 	.00 

	

TOTAL 21 	.Ci 

CRITICAL F VALUES 
0.05 C.^1 0.301 
4.76 9.75 23.70 
5.14 10.90 27.01 

TACE /:Tc(EATM:NT 	ER^OF.) VARIANCE RATIO = 	2.405 

6. Observed length of the central flower (F). 

3U:1!iA RY OF DATA 
TRTATMENTS 

1 	2 	3 	4  

	

1 	.19 	.23 	.21 	.20 

	

RACES 2 	. 412 	.15 	.18 	.15 

	

3 	!.12'. ' 	.16 	.14 	.17 

Ti:B_E OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF 	 SUM 	MEAN 	F 
SOS 	SOS 	 0.05 C.c1 0.001 

	

Tr ATM; NTS- 	3 	.00 	.00 	1..06 	4.76 9.78 23.70 

	

RACES 	2 	.01 	.01 	28.53 	5.14 10.90. 27.00 

	

ERROR 	6 	.00 	.00 

	

TOTAL • it 	.02 

RACE/(TREATMENT •. ERROR) VARIANCE RATIO = 	3.408 



447. 
Table A 6.1'4 : 2-Fertile segment components-(Cotinued) 

7. Observed length of the lateral flower (G). 

-"MARY 0= DATA 
TREATMENTS 2 	3 	4 

1 	.13 	.13 	.13 	.10 

RACES 2 	.07 	.08 	.10 	.07 

3' 	.06 	.07 	.07 	.06 

TA9Lr OF ANALYSIS OF VARIANCE CRITICAL F VALUES 
OF 	SUM 	M=AN 	F 

SQS 	SOS 	0.05 0.01 0.061 

	

TREATMENTS 	3 	.00 	.00 	4.03 4.76 9.78 23.71 

	

RACES 	2 	.01 	.00 	52.54 	5.14 10.90 27.03 

	

ERROR 	6 	.90 	.00 

	

TOTAL 	11 	'.01 

,rA =I •TF.EATMENT + E OR) VAGIANC= ?ATIO = 	6.410 

8. Length of the scarious border width at its tip (E-F). 

•;t;"xr.?Y OF OAīA 

TREATMENTS 
1 	2 	3 	4  

	

1 	.04 	.04 	.04 	.OS 

	

RACES 2 	.04 	.04 	.04 	.03 

	

3 	.06 	.05 	.08 	..03 

TA3LE OF ANALYSIS OF VARIANCE 

OF 	SUM 	MEAN 	F 
SRS 	SOS 

	

TREATMENTS 	3 	.00 	.00 	.47 

	

RACES 	2 	.00 	.00 	7.34 

	

ERROR 	6 	.00 	.00 

	

TOTAL 	11 	.00 

CRITICAL F VALUES 

0.05 0.01 0.C61 

4.76 9.78 23.70 

5.14 10.90 27.00 

°ACE/(TD.FATM=NT + ERROR) VA?IANCE ?ATTO = 1.925 



Table A'6.14': 2-Fertile segment components-(Continued) 

9. Distance between the top of the central flower and the 

top of the segment CD-F)-. 

'SUMMARY OF DATA 

TREATMENTS 
1 2 	" 	3 4 

1. .02 .03 	. 	.02 .00 

RACES 2 .05 .02 	.03 .06 
3 .02 .05 	.02 0 

TABLE OF ANALYSIS 

OF 

OF VARIANCE 

SUM MEAN F 
CRITICAL F VALUES 

SQS SOS • 0.05 0.01 0.001 
YREAYMFMYS 3• .00 .30. .90 4.76 9.78 23.70 

RACES 2 .00 .30 .26 5.14 13.90 27.00 
ERROR 6 .00 .0C 
TOTAL 1i .01 

448. 

RRCE/ IREAIrENT "f ERROR) VARIANCE RATIO = 	-.192 



449. 

Table A 6.14 ; 3-Fertile segment indecis-(Contiued) 

1. Minimum width of the segment/Maximum width of the segment (C/B). 

tUmMARY Dr DATA 

TREATMENTS 
1 2 3 4 

i 8.90 7.90 7.60 6.80 

RACES 2 8.30 8.00 5.30 8.20 

3 8.20 8.30 7.50 7.90 

APCSINE TRANSFORMATION APPLIED TO DATA 

TA3LE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

O Sur. N=AM F 
SOS SOS 0.05 	2.01 	8.0C_ 

TREATMENTS 3 .00 	. .00 1.55 4.76 	9.78 	23.70 

RACES 2 .00 .00 ..67 5.14 	10.90 	27.06 

ERROR 6 .70 :00 

TOTAL 11 .00 

RACF/(TRCATM=NT + ERROR) VARIANCE RATIO = 	-.069 

2. Length of the segment/Maximum width of the segment (D/B). 

SOw;'ARY OF DATA 

1 
TREATMENTS 
2 	3 

1 6.90 5.90 5.50 6.40 

RACES 2 6.60 5.40 6.90 4.90 

3 5.60 5.90 9.40 5.60 

ARCSTNE T°ANFORMATION APFLī=D 

TA°LE OF ANALYSIS OF VARIANCE 

OF 	SUM 

TO DATA 

M' AN F  
CRITICAL 	F VALUES 

SOS Sas 0.05 0.01 '6.721 
TRE4TMFNTS 3 .00 .00 .84 4.76 9.78 23.7^ 

RACES 2 .00 .00 .28 5.14 10.90 27.00 

ERROR, 6 .00 .00 	" 

TOTAL- 11 .01 

R10E/fT0EA7MENT + ER CP) VARIANCE =ATIO = 	-.-190 



Table A 6.14 : 3-Fertile segine t- iidecis-(Continued) 

3. Observed length of the lateral flower/observed length of the 
central flower. 

''_i)'" fARY OF DATA 

TREATMENTS 	, 
1 	2 	3 

	

1 	6.90 	5.40 	5.90 

	

RACES 2 	6.01 	5.60 	5.50 

	

3 	4.80 	4.20 	5.00 

4 

S.00 
5.70 

.4.9C 

ARCSINE TRANSFORMATION APPLIED TO DATA 

;TABLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

CF 	SU't MEAN F 
SQS SQS 0.05 	0.01 0.001 

TREATMENTS 	3 	.00 .00 1.92 4.76 	9.78 23.70 

1 	RACES 2 	.30 .00 7.20 5.14 10.93 27.00 

ERROR 	5 	.00 .00 

TOTAL 	ii 	.00 

R ACE;(TPEATMENT + ERROR) VARIANCE RATIO = 	1.185 

4. Total length of the central flower/length of the segment (E/D). 

SU 'APY OF DATA 

I EATME'IS 
1 	2 	3 	4 

	

1. 	10.70 	11.40 	10.70 	12.20 

	

04CS 2 	9.40 	11.30 	10.60 	12.40 

	

3 	12.50 	12.50 	13.50 	14.40 

APCSINE TRANSFORMATION APPLIED TO DATA 

TAPLE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

DF 	SUM 	MEAN 	F 
SQS 	SOS 	0.05 0.01 0.701 

	

TREATMENTS 3 	.00 	.00 7.74 4.76 9.78 23.70 

RACES 	2 	.00 	.00 	19.97 	5.14 10.90 27.00 

	

ERROR ' 6 	.00 	.00 

	

TOTAL 11 	.01 

RACE/{TREATMENT + ERROR) VARIANCE RATIO = 	1.461 

450. 



CRITICAL F VALUES 

	

DE 	SUM 	MEAN 	F 
SQS 	SOS 	0.09 0.01 0.001 

	

TREATMENTS 	3 	.00 	.01 	4.61 	L.76 9.78 23.70 

	

RACES 	2 	.00 	.00 	5.44 	5.14 10.90 77.00 

'7AeLE OF ANALYSIS OF VARIANCE 

451. 
Table A 6.14 : 3-Fertile segment indecis-(Continued) 

5. Observed length of the lateral flower/length of the segment (G/D). 

Si:M`„ARY OF DATA 

1 
TREATM=NTS 
2 	3 4 

1 6.10 5.20 5.50 4.90 

RACES 2 4.30 4.90 4.90 4.90 

3 4.00 4.00 4.10 4.30 

A0CSINE TRANSFORMATION APPLIED TO DATA 

(14:1.  
TASLF CF ANALYSIS OF VARIANCE 

CRITICAL F VALUES 
OF SUN MEAN F 

SOS SOS 0.05 	0.01 	0.001 

TREATMENTS 3 .00 .00 .16 4.76 	9.78 	23.70 

RACES 2 .00 .00 9.74 5.1L 	10.90 	27.01 

ERROR 6 .00 .00 

TOTAL 11 .00 

".CE/tTREATNENT F ERD04) VARIANCE RATIO = 	3.038 

6. Observed length of the central flower/length of the segment (F/D). 

SUMMARY CF DATA 

TREATMENTS 
2 	3 

	

1 	9.90 

	

RACES 2 	7.10 

	

3 	8.50 

ARCSINE TRANSFORMATION APPLIED TO DATA 

	

9.70 
	

9.10 
	

9.60 

	

8.80 
	

8.70 
	

8.60 

	

9.60 
	

8.60 
	

8.70 

ERRog 	6 	.00 	.00 

TOTAL 11 	•.00 

RPCE/(TrREATr1ENT + ERROR) VARIANCE RATIO .617 



452. 

Table A 6.14 3-Ferti~p segment-_indeeis-(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). 

U`MARY OF DATA 

TREATMENTS 
1 2 3 4 

1 .96 .27 .74 .29 

WEN 2 2.36 .95 '1.12 .99 

I 1.09 .28 .93 .80 

ARSINE TRANSFORMATION APPLIED TO DATA 

TA3LE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

OF 	SUM 	MEAN 	F 
SOS 	SOS 	0.05 0.01 G.G01 

4:76 9.78 23.70 

5.14 10.90 27.00 

RACE/(TRf1TMENT + ERROR) VARIANCE RATIO = 	.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). 

RU"'MAPY OF DATA 

TREATMENTS  
1 .2 3 4 

1 1.50 1.40 1.30 1.90 

RACES 2 1.90 1.99 1.60 Z.70 

3 2.90 2.20 3.30 3.60 

ARCSINE TRANSFOPMATION APPLIED 

TABLE OF ANALYSIS OF VARIANCc' 

OF 	SUM 

TO DATA 

MEAN F 
CRITICAL F VALUES 

SOS SOS 0.05 0.01 0.001 

TREATMENTS 3 .00 .00 4.08 4.76 9.78 23.70 

RACES 2 .01 .00 21.Q8 5.14 10.90 27.00 

ERROR 6 .00 .00 

TOTAL 11 .01 

RFFCE/(tREATMENT t ERRO0 VARIANCE RATIO = 2.589 

  

T:,'£ATM_NTS 3 .00 .00 9.27 

RACES 2 .00 .00 11.60 

ERROR 6 .00 .00 

TOTAL 1i .01 
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Table A 6.14 : 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) . 

eY.MARv OF VATA 

TREATMFNTS 
i 	2 	3 	4 

	

1 	7.90 	7.50 	6.50 	6.60 

	

RACES 2 	7.40 	6.70 	7.60 	6.60 

	

3 	5.?0 	7.30 	6.50 	6.80 

ARCSINE TRANSFORMATION APPLIED TO 'IOTA 

TAOLE OF ANALYSIS OF VARIANCE 

	

OF 	SUM- 	MEAN 
SQS 	SOS 

	

7REAT!'ENTS 	3 	.00 	.00 

	

RACES 	2 	.00 	.00 

	

ERROR 	6 	.00 	.00 

	

TOTAL 	11 	.00 

CRITICAL F VALUES 
F 

0.05 0.01 0.001 

	

1.27 	4.76 9.78 23.70 

	

.32 	5.14  10.90 27.03 

	

. RACE/(TREATMENT + ERROR) VARIANCE RATIO = 	-.156 

10. Maximum width of the 2nd segment from the base + maximum width of the 
4th segment from the base/ 2x minimum width of the 3rd segment (A+B/2C). 

SU"!?+ARY OF DATA 

TREATMENTS 

	

1 	2 	3 	4 
1 	12.00 	13.20 	13.40 	,15.10 

RACES 2 	12.80 	13.00 	12.20 	13.40 

3 	12.60 	12.70 	13.90 	14.20 

ARCSINE TRANSFORMATION APPLIED TO DATA 

TA='LE OF ANALYSIS OF VARIANCE 
CRITICAL F VALUES 

	

OF • 	SUM 	MEAN 	F 
SOS 	SOS 	0.05 0.01 0.001 

TQ!ATMENTS 	3 	.00 	.00. 3.70 	4.76 9.78 23.70 
PACES 	2 	.00 	.30 	.95 	5.14 10.93 27.00 
ERROR 	6 	.00 	.00 

	

TOTAL 11 	.00 

RACF,j(TREATMENT + ERROR) VARIANCE RATIO = 	-.C19 



MEAN F 
CRITICAL F  VALUES 

SOS G.•)5 G.C1 0.101 

.03 3.52 4.76 9.78 23.70 

.12 16.55 5.14 10.90 27.00 

.01 

TABLE OF ANALYSIS OF VARIANCE 

TR ATMEOTS 

RACES 

ERROR 

TOTAL 

OF 

3 

2' 

6 

ii 

SIN 
SOS 

.08 

.25 

.04 

.. 3 T 
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Table A. 6.14 : 3-Fertile segment indecis-(Continued) 

11. Total length of the central flower/length of the scarious border 
width at its tip. CE/E-F). 

'*-7L,.,'-'A,,,, OF ^.ATA 

I?EATMENTS 
1 

	

1 	59.50 

	

RACES 2- 	'.D.80 

	

3 	31.00 

2 3 4 

68.10 83.00 49.30 

45.60 55.50 33.20 

43.80 27.50 25.00 

ARCSINE TRANSFOR MATION APPLIED TO OATA 

RACE/ TREATMENT + ERROP) *VARIANCE PATIO = 
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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. 

CYCLE NUM9FR = 

ITERATION = 	5 MAXIMUM ROOT = 1 VALUE OF .23340431E+r6 

PERCENT VARIANCE 98.04686 

CYCLE NUMBER = 

ITERATION = 333 MAXIMUM ROOT = 3 VALUE OF .19224420E+':4 

PERCENT .  VARIANCE .80757 

CYCLE 'IUNBER = 3 

ITERATION = 	16 MAXIMUH ROOT = 8 VALUE OF .18653257E+4 

PERCENT VARIANCE 	.78357 

TOTAL VARIANCE = 	.23805384_+06 

COORDINATES FOR PLOTTING 
1 	 2 	 3 

.1 	 493.069 	24.006 	29.121 

2 	245.116 	27.656 	 0 

3 	318.886. 	50.736 	22.892 
4 	376.065 	.478 	9.021 
5 	79.659 	 0 	33.048 
6 	 0 	25.991 	1.067 
7 	36.433 	29.999 	12.725 
8 	61.710 	29.191 	46.005 

AXIS ORIGINS 	201.367 23.507 	19.235 

15.57.47. 79/03/12. I.C.C.C. METMORK OPEPATING SYSTEM. 	NOS 1.1-430. 1  

ORI.GI tL FILE NAM°. - OUTPUT 	 QUEUE NAME - W9AUDAP 	 Jl 
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• Table A 7.1 	Shows total'nitrogen, total phosphorus and sodium 

in p.p.m. for the soils from Shingle Street.. 

The elements/ 
weight/vol. 
used. 

Soil 
reference 
number 

Total nitrogen 
p.p.m. 

0.25g/50ml 

Total phosphorus 
p.p.m. 

1.5g/50m1 

Sodium 
p.p.m. 

1.5g/50m1 

x S.D. x S.D. x S.D. 

lA 26.03 ' +1.15 20.42 +0.63 388.33 +36.89 

Lower marsh IB 29.42 +2.24 18.33 +2.02. 460.00 +52.92 

1C 
populations 

32.87 +4.54 
- 

22.83 +1.23 
- 

465.00 +18.03 
- 

1D 35.37 +1.60 20.33 +0.88 338.33. +12.58 

lE 17.75 +0.90 16.92 +0.63 328.33 +20.20 

2A 42.03 +2.52 36.08 +2.00 708.33 +52.04 

2B 
Lower marsh 

30.37 +0.29 
- 

33.08 +2.25 
- 

641.67 +38.84 
- 

2C 36.53 +5.92 34.83 +3.79 705.00 +0.00 
populations 2D 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 
Lower marsh 

12.53 +1.76 
- 

26.83 +0.29 
- 

368.33 +40.72 
- 

3C 12.75 +1.15 30.58 +5.56 400.00 +00.00 
(middle 	3D marsh) 13.87 +0.58 - 28.17 +0.29 - 353.33 +25.66 

- 
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 

4C 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 

5A 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 

if 	5C 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 

5E 13.89 +1.00 25.92 +1.42 308.33 +42.52 
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Table A.7.1 .-- -{Continued) 

The elements/ 
weight/vol. 
used. 

Soil 
reference 
number 

Total nitrogen 
p.p.m. 

0.25g/50m1 

Total phosphorus.. 
p.p.m. 

1.5g/50m1 

Sodium 
p.p.m. 

1.5g/50m1 

x 	S.D. x S.D. x S.D. 

6A 15.3 +1.43 27.17 +0.29 303.33 +11.55 

Upper marsh 6B 15.70 +1.00 27.25 +0.66 273.33 +12.58 

populations 6C 13.70 +0.00 29.08 +0.76 268.33 +14.42 

6D 16.37 +1.65 29.00 +1.75 283.33 +20.20 

6E 13.62 +1.59 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 

7D 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' 

. 

* each value is a mean of 3 samples. 

Table A 7.G2 	Shows total nitrogen, total phosphorus and sodium 

in p.p.m. for the soils from Northney, Hayling Island. 

' 	The elements/ 
weight/vol. 

used. ' 
Soil 
reference 
number 

Total nitrogen 
p.p.m. 

0.25g/50ml 

Total phosphorus 
p.p.m. 

1.5g/50m1 

Sodium 
p.p.m. 

1.5g/50m1 

x S.D. x S.D. x S.D. 

lA 13.91 +1.07 23.33 +0.50 270 +2.64 

Lower marsh IB 14.40 +2.01 23.30 +1.27 285 +7.64 

populations 1C 19.19 +1.10 26.83 +0.38 295 +5.00 

1D 18.16 +1.09 25.89 +0.22 305 +4.36 

lE 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. 
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Table A 7. 3 
	

Shows total nitrogen, total phosphorus and • 

sodium in p.p.m. for the soils from Warham, 

Wells next to the sea, Norfolk. 

The elements/ 
weight/vol. 
used. 

Soil 
reference 
number 

Total nitrogen 
p.p.m. 

0.25g/50ml 

Total phosphorus 
p.p.m. 

1.5g/50m1 

Sodium 
p.p.m. 

1.5g/50m1 

lA 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 

• 
lE 10.39 +1.07 - + 	- - + 

2A 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 

(middle marsh) 3C 10.40 +2.72 22.63 +3.99 290.0 +9.32 

4A 17.05 +0.89 28.25 +2.76 220 + 5.66 

Upper marsh 4B 10.73 +0.98 24.54 +2.48 340 +12.15 

4C 17.04 +3.37 29.68 +2.67 260 + 7.89 

4D 12.42 +2.41 12.42 +2.41 260 + 7.89 

4E 26.09 +4.91 26.09 +4.91 480 +10.68 

* each value is a mean of 9 samples. 



Table A. 7.4 	Shows the minimum and :maximum values for the morphological characters of.Scilicornia 

populations occupying soils differing in their total nitrogen content in the lower marsh of Warham. 

- Population number/total nitrogen 

N 

1D 
0.06% 

Min. Max. Min. 

1B 
0.19% 

Max. Min. 

2C 
0.06% 

Max. Min. 

2B 
0.26% 

Max. Vegetative characters 

1.  Shoot length 15 10.4 20.2 19.0 - 	29.5 6.4 17.5 17.2 25.5 

2.  Number of sterile segments in 
the main axis. 

15 9 16 10 18 6 12 10 18 

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 fertile segments in 
the terminal spike. 

15 3 13 8 18 5 14 7 14 

6.  Length of the uppermost branch 
from the main axis. 

15 0.8 1.8 1.2 5.6 1.2 3.1 1.6 3.3 

7.  Length of the lowermost branch 
from the main axis. 15 4.0 13.3 5.0 16.2 4.9 9.5 3.3 12.8 

8.  Angle of the uppermost branch 
with the main axis. 

15 30°  50°  30°  50°  25°  40°  30°  40°  
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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/ 
total nitrogen 

N Min. 

lA 
0.28%.  

Max. Min. 

lE 
0.39% 

Max. Vegetative characters 

1. Shoot length 15 20.2 '31.0 24.5 33.7 

2. Number of sterile seg-
ments in the main axis.l5 14 23 16 22 

3. Total number of primary 
branches from the main 
axis. 

15 26 46 32 44 

4. Terminal spike length 15 1.8 3.5 2.4 3.5 • 

5. Number of fertile seg-
ments in the terminal 
spike. 

15 6 12 7 13 

6.Length of the upper-
most branch from the 
main axis. 

15 1.0 4.2 ' 	1.3 2.8 

7. Length of the lower-
most branch from the 
main axis. 

15 10.2 17.7 13.3 24.8 

i 
8. Angle of the upper- 

most branch with the 
main axis. 

15 30°  50°  30°  50°  



• 

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. 

Po•ulation number/total nitrogen 

Vegetative characters Min. 

11 
0.28% 

Max. Min. 

12 
0.28% 

Max. Min. 

13 
0.25% 

Max. Min. 

14 
0.26% 

Max. N  

1. Shoot length 15 24.6 32.5 20.2 33.0 21.3 30.2 19.3 35.6 

2. Number of sterile segments in the main 
axis. 

15 13 19 13.0 19.0 14.0 19.0 12 20 

3. Total number of primary branches from 
the main axis. 

15 24 40 26.0 40.0 30 38 24 42 

4. Terminal 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 
terminal spike. 15 12 17 9 17 9 19 11 22 

6. Length of the uppermost branch from 
the main axis. 15 1.8 3.8 1.3 4.0 1.5 4.2 1.7 _ 5.2  

7. Length of the lowermost branch from 
the main axis. 	, 16 6.6 20.2 7.2 20.6 - - 9.2 24.2 

8. Angle of the uppermost branch with 
the main axis. 15 40°  60°  50°  60°  50° 60°  40°  60°  



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, Hayling Island populations. 
1. Shingle Street, Suffolk 

Spots colour in U.V. + NH3 
and 

number 

I 

3 

2 

4 

+ 	+ 	- 	- 	- 	+ 	 + 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 

+ 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	+ 	+ 	 

+ 	+ 	- 	- 	- . + , ± 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ . + . - 	- 	+ 	+ 	 

1 +  	+ 	- 	- 	+ 	- 	- 	+  	+ 	+ 	- 	- 	- 	+ 	 

II 2 + 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

3 + 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

2 + 	+ 	- 	- 	- 	- 	+ 	+ , 	- 	+ 	- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	- 	- 	+ 	+ 	 

III 3 + 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

5 + 	+ 	- 	- 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

1 + 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	+. 	- 	+ 	- 	+_ + 	- 	- 	- 	+ 	 

2 + 	- 	- 	- 	+ 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 	+ 	 

IV 3 + 	+ 	- 	- 	+ 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	- 	+ 	+ 	- 	- 	- 	+ 	 

5 + 	+ 	- 	- 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 	+ 	 

1 + 	+ 	+ 	- 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	+ 	- 	+ 	+ 	-- 	+ 	- 	- 	- 	+ 	 

8 + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- .- 	+ 	+ 	+ 	- 	+ 	 + 	- 	+ 	- 	- 	- 	+ 	 

V 11 + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	- 	- 	- 	- 	+ 	 

* See page 121. 

Population 
and plant number 3 15 17 8 20 24 2 27 29 31 5 0 



Table A 7.7 (Continued) 

1. Shingle Street, Suffolk 

Spots colour in U.V. + NH3 
and 

number 
--',... // 	I . i 	GI 	.-11 	.1/ , 	/ 	+.7 

	'I 	... LI. . . / a. se / .,...... 1.. ...... / a. ... 1 	,..., ( J... , i .,.. u / J. 1 / 	.i. L.,/ 	.i. di 	4,,,, I 	-I/ 	r. y 	L. ..1_ I...1 i ... a f 	1,....,  I 	t. 1 . 	fa .5.11.-4.1 •.--.J11 LI .1.1.-.J.L. .. 
 

V (continued) 
10 

17 

+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

+ 	+ + 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	----- 	- 	- 	- 

1 + 	+ 	+•- 	- 	+ 	+ 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ 	+ 	- 	- 	- 	+ 	 

2 + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

VI 3 + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ 	+ 	- 	- 	- 	+ 	 

4 + 	+ 	+- 	- 	- 	+ 	+ 	- 	+•- 	-.- 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

5 + 	+ 	4. 	- 	_ 	- 	+ 	+ 	- 	+ 	- 	- 	_ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	+ 	 

+ 	+ 	- 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	.4- 	- 	+ 	+  	+ 	 

2 + 	+ 	- 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+  	+ 	 

VII 3 + 	+ 	- 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+  	+ 	 

5 + 	+. 	+-- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+-+ 	- 	- 	- 	+ 	 

4 + 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	+  	+ 	+ 	 

VIII 5 + 	+ 	- 	- 	- 	- 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	+  	+ 	 

6 + 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	- 	- 	+ 	- 	+ 	+  	+ 	- 	+ 	 

Population 
and plant number 1 1 1.1 152 10/1n 1') 



Table A 7. 7 (Continued) 

1. Shingle Street, Suffolk. 

Spots colour in u.v. + NH3 

Population and 

and plant number 

1 + + + + + + + + + + + + .+ + + 

2 + + + + + + + + + + + + + + 

IX 3 + + + + + + + + + + + + + + 

5 + + + + + .+ + + . + + . + + + + 

1 + + + + + + + + + + + + + + 

2 + + + + + + + + + + + + + + + 

XA 3 + + + 1- + + + + + + + + + + 

4· + + + + + + + + 

5 +. . + .+ . . ., - + .+ + +, + + + + + 

1 + + + + + + + + + 

XB 2 + - + + + + + + + 

3 + + + + - + + + +. + + 

1 + + - + + + + + + + + + + + + + 

XC 2 + + + + + + + + + + + + + + 

3 + + + - + + + - + - + + + + + + + + + 



Table A ~ .,7 (Continued) . 

1. Shingle Street, Suffolk. 

in U.V. + NH3 

Population and 

and plant number 

1 + + + + + + + + + + + + + + 

XI 2 + + + + + + + + + + + + + + + + + 

3 + + + + + + + + + + + + + + + + + 

1 + + + + + + + + + + + + + + 

XII 2 + + + ~ - + + + + + + + + + + + 

3 + + + + + + + + + + + + + + + 

1 + + + + - + + + + + + + + + + + 

XIII 2 + + + + - + + + + + + + + + 

4 + + + + - '+ + + + + + + + + + + 

1 + + + + + + + + + + + + + + + 

XIV 2 + + + - + + + + + + + + + + + + + + 

3 + + + + + + + + .. + ,+ + + .+ +- + ~ 

.,.~ COo -- . 



3 5 

f 

number 
\ 

1 

A1  

A3  

A4  

, 	-, 	, 	-, 	. 	,  

+ 	+ 	+ 	+ 	- 	- 	+ 	+ 	- 	+ 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ - -, 	+ 

+ 	+ 	+ 	.+ 	- 	- 	+. 	+- .-. 	,+ 

- 

- 	- 	+ 	+ 	- 	+ 	+ 	+ 	+ 	- 	- 	- 	+ 	- 	- 	+ 

- 	- 	+ 	+ 	+ 	+ 	+ . + 	- 	+ 	+ 	- 	- 	- 	- 	+ 

- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	- 	- 	+ 	. - 	+ 

- 	- 	+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

1 

B1  

B2  

B4 
 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	- 	+  	+ 

- 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	+ 	 

- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 

- 	- 	+ 	- 	- 	- 

+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

1 

Cl .  

C2  

C3 
 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 

- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	 

- 	- 	+ 	+ 	+ 	+ 	+ 	+ 	- 	+ 	+ 	- 	- 	- 	- 	+ 

-. 	- 	+ 	+ 	+. + 	+ 	+ 	- 	+ 	+ 	 

+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

+ 	- 	- 	- 

1 

D1  

D2  

D3  

+ 	+ 	+ 	+ 	- 	+ 	- 	+ 	- 	+ 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 

+ 	- 	+ 	+ 	- 	+ 	+ 	 

- 	- 	+ 	:4. 	+  	+ 	- 	- 	- 	- 	+ 

- 	- 	+ 	+ 	+ 	+ 	- 	- 	- 	+ 	+ 	- 	- 	- 	- 	+ 
+ 	- 	- 	- 	+ 	+ 

- 	- 	+ 	- 	- 	- 
+ 	- 	- 	- 

Spots colour in U.V. + NH3 
and 

Population 
and plant number 

15 17 19 2 25 27 29/30 32l 

Table A 7.7 	(Continued) 

2. Warham populations. 



Tabte· A 7.} (Continued) 

2. Warham pOpulations. 

in u.v. + NH3 

Population and 

and plant number 

Ell + + + + - + + + + +. + + + + + + + 

1 El2 + + + + - + + + + + + + + + + + + + 
E 5 . + + + + - + + + + + + + + + + + + + + I 

E2l + + + + - + + + + + + + + + + + + 

I E22 + + + + - + + + + + + + + + + + + 

E23 + + + - + + + + - + .+ + + + 

All + + + + - + + + + + + + + + + 

2 Al2 + + + + - + + + + + + + + + + + + 

Al 3 + + + + - + + + + - + +. + + ~. + + + + -. . .. -~--

A21 + + + + - + + + + + + + + + 

2 A22 + + + + - + + + + + + + + + 

A23 + + + + - + + + + + + + + + 

r 



Table A 7. 7 (Continued) 

2. Warham populations. 

Spots colour in U.V. + NH3 
and 

number 

B11 + 	+ 	+ 	+ 	- 	+ 	- 	+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+  	+ 

2 B12 + 	+ 	+ 	+ 	- 	+ 	- 	+'+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+. + 	- 	+ 	+ 	- 	+  	+ 

B13, 
+, 	

+ 
	+ 	

+ 	- 	+
. 	

+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	 

B21 + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ . + 	- 	- 	- 	- 	+  	+ 	- 	- 	+ 	- 	- 	-. 

2 B22 + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	•+ 	- 	- 	- 

B
2
3 +. + 	+ 	+. 	-.• + 	+ 	+ 	- 	+ 	- 	- •+ 	+ 	+ -.- _+ 	+ 	- 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 	- 	- 	- 

C11 + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	- 

2 C12 + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	+ 	+ 	-  

C13 . 	+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ .+ 	+ 	- 	 + 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	+ 	+ 	- 

C21 	" + 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	+ 	- 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	 

2 C23 + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	+ 	+ 	- 	- 	+  	+ 	- 	- 	- 

C25 
+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+. .+ 	- . + 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	- 

Population 
and plant number S 14 16 18 22 24 2A 2R 



Table A 7. 7 	(Continued) 

2. Warham populations. 

Spots colour in U.V. 
and 

Population 

+ NH3 

D12 

D14 

D
1
5 

 C~ ~ 	 ,o 	 C~ 	~ 	p' 	c: 
• a?N 	., 	O' 	a' 	V 	';' 	'• 4 	Ā O O 	p 	' w O 

and plant  numbe r 	number  l5Q~,~%'m~Ī 20 2 	 29/30 	1 2' 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+. 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	-  

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	-  

+ 	+ 	+ 	+ 	+. 	+ 	+ 	- 	+ 	- 	- 	+ . + 	+ 	- 	- 	- 	- 	+ 	+. 	- 	+  	+ 	- 	- 	- 
2 

2 

D21 

D22 
D23 

+ 	+ 	+ 	+ 	- 	+ 	+  	+ 	+ 	+  	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	- 

+ 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 	+ 	- 	- 	- 

+ 	- 	+ 	+  

2 
D33 + 

D34 
D35 

+ 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 	- 	- 	+ 	 

+ 	+ 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	  

+ 	+ 	+ 	-. 	-. 	+ 	+ 	+ 	- 	+. .- 	-. 	+ 	+,  	+ 	- 	- 	+ 	 

3 
Al

+ 

A2 

A3 

- 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	- 

+ 	- 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	- 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	+ 	- 	- 	- 

+ 	- 	+ 	+ 	- 	+ 	+ 	.+ 	- 	+ 	- 	- 	-. +  	+ 	 



Table A.7.: 7. (Continued) 

2. Warham populations. 

ō r 

Spots colour in U.V. + NH3 
and 

A 
number 

3 
B1

+ 

B2  

B3 
 

- 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	- 	- 	- 	- 	+ 	+ 	- 	+ 

+ 	- 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	- 	+ 	+  	+ 

+. 	- 	
+ 	. + 	+ 	+.. +_ 	":. +

... 	
+ 	. + 	+ 	+ 	- . 	- 	+ 	+ 	- 	+ 

- 	- 	+ 

- 	- 	+ 

- 	- , + 

- 	- 	+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

- 	- 	+ 	- 	- 	- 

C1
+ - 	+ 	- 	- 	+ 	+ 	+ 	- 	+ 	+ 	- 	- 	- 	+ 	+ - 	- 	- 	- 	+ 	- 	+ - 	- 	+ 	 

3 C2  + 	+ 	+ 	+ 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	+ - 	- 	- 	+ 	+ 	- 	+ - 	- 	+ 	 

C3  + 	+ 	+, 	+ 	- 	- 	.+. +. 	- 	- 	+ 	- 	+ .+ 	+ . - 	- 	- 	+ 	- 	- 	+ - 	- 	+ 	 

Al + - 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	- 	- 	+ 	+ 	 + 	 

4 A2  + 	- 	- 	- 	- 	+ 	+ 	+ 	- 	+ 	- 	- 	+ 	- •+ 	+ 	 + 	 

A3  +. 	- 	- 	... 	- 	+ 	+..+. 	- 	+ 	..- 	- 	.+ 	- 	+ 	+.. 	 + 	 

B11 + 	- 	+ 	- 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	 

4 B12 + 	- 	+ 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	.+ 	+ 	+ 	  + - 	- 	+ 	- 	- 	-  

B13 + 	- 	+ 	+ 	- 	- 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	+ 	+ 	 + - 	- 	+ 	- 	- 	- 

Population 
and plant number 5 14 16 18 20 22 24 8 



Table A 7.7 	(Continued) 

2. Warham populations. 

3 0 

$pots colour in U.V. + NH3 
and 

number 

4 

B21 
B22 
B23 

+  	+ 	- 	+ 

+ 	- 	+ 	- 	- 	- 	+ 	+ - - 	+ 

+. - 	+- 	_ 	
-. 	+ 	+ 	- 	+ 

- 	- 	- 	- 	+ . 	 

- 	- 	+ 	- 	+ 	+ 	 

- 	_ 	+. 	- 	+. 	+ 	  

+ 	- 	- 	- 

+ 	- 	- 	- 

C11 +  	+ 	+ 	- 	+ - 	- 	+ 	- 	+ 	+ 	  
+ 	 

4 C12 + 	- 	- 	- 	- 	+ 	+ 	+ 	- 	+ - 	- 	+ 	- 	+ 	+ 	 + 	 

C13 + 	- 	- 	- .- 	+ 	+ 	+ 	- 	+ -. - 	- 	- 	+ • 	+ 

C21 + 	- 	- 	- 	+ a  + 	- 	- 	+ - 	- 	+ 	- 	+ 	+ 	- 	- 	- 	+ 	 

4 C23 + 	- 	- 	- 	- 	+ 	a 	- 	- 	+ - 	- 	+ 	- 	+ . + 	- 	- 	- 	+ 	 \ 

I  
C24 

D1  + 	- 	- 	+ 	- 	+ 	+ 	+ 	- 	+ - 	- 	+ 	+ 	.+ .+ 	+ 	+ 	- 	+ 	+ - 	- 	- 	- 	+ 	 

4 D2  + 	+ 	- 	+ 	- 	+ 	+ 	+ 	- 	+ - 	- 	+ 	- 	+ 	+ 	+ 	+ 	- 	+ 	+ - 	- 	- 	- 	+ 	 

D3  + 	+ 	- 	-, 	- .+ 	+ 	+ 	- 	+ - 	- 	+ . 	+..+ 

Population 
and plant number 17 2 27 I 



Table A 7. 7 (Continued) 

3. Pagham. 

in u.v. + NH3 

Population and 

and plant number 

2 + + + + + + + + + + + + + 

11 3 + + + + + + + + + + + + + + + + 

·4 .+ .+ + + + + .- +. +. + + .+ + + + - + + - -

1 + + + + - + + + + + + + + + 

III 2 + + + + + + +. + + + + + + "!'" 

3 + .+ + + .. - - + - +. - +. + + + + 

1 + + + + - + + + + + + + 

IV 3 + + + + - + + + + + + 

5 + + +. + + + .+ .. + .. -.. .+ .~~ +. + 

1 + + + + + + + + + + + 

V 2 + + + + + + + + + 

3 +. + - - + + :+ + + + + + 



Table A 7./7 (Continued) 

3. Pagham. 

in U.V. + NH3 

Population and 

and plant number 

1 + + + + + + + + + + + + + 

VI 3 + + + - + +' - + + + - + + + + + 

5 + + + - + .+ + + + + + + + + 

, 
1 

I 

+ + + + + - + + + + + + + + +' I 
VII 2 + + + - + + + + + + - + + + -, 

3 + + + + + + + +. + .+ + + + + 

1 + + + + - + + + - + + + + + 

VIII 2 + + + + - + + + - + + + + 

3 + +. + . . + - + + + + .+ + + + 



-'fable A 7./-7 (Continued) 

4. Hayling Island. 

in U.,V. + NH3 

Population and 

and plant number 

Al + - + + - + + + + + + + - + 

1 A2 + - +' + - - + +.- + + + + - - - + 

A3 + - + + --+ + + - + - , + + +_ .. -. -... - .- + 

B2 + .... + + + + - + + + + - + + + + + 

1 B3 + + + + - + + + - + + + + - + + + - - - + 

B4 + + + + - + + + + + + + + + + + - - - + 

Dl + - + + - - + + + + + + .:. + 

1 D2 + - + + - - + - - + + + + - - - - + + 

D3 -+ - -+ + - - + - + + + + - - - - + + -,-

Ell + + + + - - + + + + + + + - - - - - - - + - - + 

1 El2 + + + + - - + + + + + + + + + + 

E
1

3 "+ + + + - - + + + + + + + + - - + + 

E21 + - + + - - + - + + - + - + + - + 

I E22 + + + - - + - - + + - + - + + + 

E23 + + + - - + - + + + - + + + 



Table A7.8 Shows the table of the latent vectors values of 

the variable phenolic glycosides spots and the 

axes values (axis 1 and 2) for each of the 52 

Salicornia populations analysed by Principal 

Component Analysis. 

LATENT VECTORS 
1 2 

PRINCIPAL COMPONENTS 
1 2 

1 .431• .032 1 2.612 .136 
G .114 0326 2 2.603 .614 
3 .u14 .373•''  2.836 .371 
4 .092 -.222 4 2.617 .987 
5 .ua4 .247 5 3,024 .062 
h .CŪ2 .078 6 3,338 -.127 

- 7 .225 .1156 7 2.693 .705 
8 .u22 -.1:34 8 2.805 .682 
i .093 -.075 9 2.89Z .132 

13 .285  G 99 11 2.941 .077 
11 -.128 .058 21 2.722 
12 .....14  -e llb 12 2e 814 -.177 
13 4 4,14 -0116 13 2.119 .155 
14 .234 -.243 14 2,709 .1745 
15 .263 .C95 1.5 2.)16 ,821 
16 .157 .363 16 1.30'6 .122 
17 - .218 .032 17 3,37 1.9o7 
18' .148 -.054 18 3,1.37 1,93 
19 -.C52 .407' 	- .9 2,.545 2,118 
20 -.011 .138 25 1,757 2,34•a 
21 . -.G09 .302 21 2.,:85 2, 118 
221 .618 .165 _ 22 2,713 2,054 
23 .116 .161 21 2.765 ,652 
24i .098 -.233 24 1,72A 1,928 

25 3.017 1;5'9i 
26 !. 7 13 
27 3,066 2.417 
9e, ,3,7A1 2,11 
29 2.7`42 2,28.4 
30 1,443 
31 13954 1eL3~: 
.y7 1,651 2.0.3 3 
33 14.545 2,349 
+4 .2.077 2.104- 

35 .51;2 .:758 
St) .584 .43f,  
;.. .502 . 7`; .y 
4 ,389 _3L7 

:34 .924 1c .7r_ 
44 ,6,73 I • b - i'. 
41 2,126 
42 2.7ei 1.t}iK 

41 282( 1;3%:2 
4l. i_e i'-13 

45 7,673 
i t 7.95` -..4"S 
47 2.721 •160 
44 1.086 
L.) 2.722 1+757 
5r. 1.040 .I86 
51 2-,354 .715 
' ? 11 04 :859 

PERCENTAGE VARIANCES 

i7. J4• 	16.10r, 

475. 




