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ABSTRACT

Six halophytic plants, Atriplex patula, Glaux maritima,

Hordeum ubatum, Puccinellia nuttalliana, Salicornia

europaea and Suaeda depressa, from Delta Marsh, Manitoba

were studied for rhizoplane and cauloplane fungi. These

plants showed diverse groups of mycota over the growing

season. A total of 34 taxa were recovered during the course

of this study. l'lorphological features and taxonomic dispo-

sition are given for each halophytic species. Among the

studied plants, Salicornia êurbpaea provided the majority

of the fungal taxa.

Fungal community analyses demonstrated a similarity in

the community parameters (i.e., similarity' diversity,

dominance, spatial groups and life strategies) between

Atriplex patula, Salieornia europaea and Suaeda depressa,

and between Glaux maritima, Hordeum jubatum and Puccinellia

nuttalliana. Dominance and diversity tended to be inversely

related to each other over the collecting period. Differences

in fungal assemblages over time were established on each of

the halophytic species. The changes in fungal assemblages

throughout the growing season demonstrated two successional

patterns: seral and substrate succession. These types of
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succession v¡ere attributed to the plant growth phases (vege-

tative and stationary) and chemical changes within plant

tissue. The change in fungal seres over time is also dis-

cussed in response to the general plant osmotic strategies

and phenological stages.

Additions of various treatments (sodium nitrate, sea

salts and irrigation) to Salicornia europaea resulted in a

noticeable change in growth habit, phenological stages,

total salt content, ionic concentrations, and water content

of the roots and shoots. Correlation between changes in the

fungal communities on this halophyte and these parameters is
presented. Sea salts-treated and untreated plants showed a

similarity in dominant and subdominant fungi. A dissimilarity

was also observed between sea salts-treated and irrigated

plants.

Regression analysis correlated the total nu¡nber of

fungal isolates with the ionic levels of Salicornia europaea

roots and shoots. The most strongly correlated ions were

N.*, tqg** and sof,. The correlations of total fungal

isolates with total salts, root fungi with root salts,

shoot fungi with shoot salts, total fungal isolates with

the divalent/monovalent ratio of roots or shoots were also

considered. Such correlations are suggested as a basis for

a predictive tool for the assessment of salt content of

halophytes.
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INTRODUCTION

Salt marshes are one of the most productive of all
natural ecosystems (Odum f971). The halophytic plants

characteristic of these saline habitats may prove to be of
some economic importance in the utilization of land which

would otherwise be almost useless from an agricultural

standpoint (Mudie J-974). The trophic significance of the

food webs of salt marsh ecosystems is well established, with

species such as Juncus, 9alicornia, and Spartina contributing

the greatest biomass to the detritus (TeaI L962).

While the vascular flora and ecology of salt marshes

have been well studied, the role of the fungal communities

is comparatively poorly known. A number of workers have

compiled species lists of fungi inhabiting saline habitats
(e.9., Gessner and Goos 1973a, 1973b¡ Pugh L979; Kohlmeyer

and Kohlmeyer L979') . The ecological role of fungi in the

functioning of these ecosystems has been poorly studied.

It is known the microbial decomposition is a major

cause of degradation of salt marsh detritus (Burkholder and

Bornside L957; Teal 1962]', a¡¡d recent studies have indicated

that fungi also play an important role in detrital degrada-

I
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tion (May I974; Gessner L977, 1980; Kohlmeyer and Kohlmeyer

1979). Recently Henderarto and Dickinson (1984) have sug-

gested that salt marshes are very suitable ecosystems in
which to study the mícroorganisms which are associated with

halophytic plants.

This

onomy of

patula L.

study was undertaken

fungi on six salt mar

, Glaux maritimâ L.,

to investigate: (1)

sh halophytes (i.e.,

Hordeum jubatum L.,

the tax-

Atriplex

Puccinel-

lia nuttalliana (Schultes) Hitchc., Salicornia europaea

agg., and Suaeda depressa (Pursh. ) Wats. ) ; (2) the fungal

community structures (i.e., similarity, diversity, domi-

nance, spatial groups and life spectra) on these six plants
under control conditions; (3) differences ín fungal assemb-

lages over time on treated and untreated Salicornia
europaea¡ (4) ttre relationship between fungal succession and

plant growth strategies; and (5) physical and chemical

(nutrient) changes in S. europaea roots and shoots and

their possible influence on fungal communities.



LITERÀÎURE REVIET^]

SaIt Marsh llalophytes

Salt marshes consist of plant conrmunities occurring in

saline habitats where the soil is wet or covered with water

during part of the growing season (Vüaisel 1972). These

habitats are widely distributed over the world and can be

classified into various categories based on the nature of

soils, type and level of the salts available in the soi1,

and the floral characteristics (Chapman 1960, L974) . The

most fundamental division is between differentiation of
coastal and inland salt marshes. The latter represent

habitats in which soj-I salinity is related primarily to the

nature of the groundwater.

Despite variation in edaphic factors, distinct conrnuni-

ty zonation is often found in salt marsh ecosystems (Ungar

197 4) . SaIt marsh plants which are capable of tolerating

0.5t or more NaCl (Waisel 1972) are called halophytes.

Various halophytic plant groups, based on degree of salt
tolerance, have been recog,nized (Steiner 1935; Aderiani

1956; Chapman 1960; Waisel L9721. Many halophytic species

are distributed in inland salt marshes of North America and

Canada and are mostly dominated by graminoid, shrub and

succulent plants (Chapman L974; Ungar 1974).

3
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Salinity and soil moisture are the major factors affec-

ting the distribution and growth of halophytic species (S.

Flowers 1934; Chapman 1960, L974¡ }Jaisel L972; Ungar I974,

1978). Soil salinity values vary throughout the season

according to precipitation and evaporation levels (Mahall

and Park 1976; Ungar et aI. 1979).

Salt marsh soils are dominated by sodium chloride, sul-
phate and carbonate compounds (Vùaisel 1972; Ungar 1970,

L974). Ungar et aI. (1979) reported that the salinity
gradient varies from the central to the peripherial zones,

i.e., from the low marsh to the high marsh. The latter
phenomenon is a feature of inland sal-t marshes. Annua1

succulent plants, €.g., Salicornia and Suaeda, often invade

the central areas which have highest soil salinities, while

the perennial plants, mostly grasses, occupy the lower

salinity soils (Ungar L974).

One of the most critical stages in the life cycle of
halophytes is the period of seed germination. Studies by

Ungar (L962, 1967, I974, L978), l"lacke and Ungar (1971),

Williams and Ungar (1972) and Chapman (I974) indicated that
seeds of many halophytic species germinate best under fresh-
water conditions. Consequently seed germination of salt
marsh plants often occurs during times of high precipitation

and low salt stress.

Growth of halophytes, unlike the germination of their
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seeds, is usually stimulated under higher salinity conditions

(Jennings 1968; T.J. Flowers et aI. L9771. In salt marshes,

the growth strategies of halophytic plants in relation to

salinity, climatic and edaphic factors have been reviewed by

Jefferies et al. (1979). Growth of these plants is often

determined by the interaction of soil moisture and salinity,

which are codeterminants of soil water potential (Vüaisel

L9721 .

Tiku (L976) and Ungar (1978) reported that the optimum

salinity for growth of some halophytic species ranges bet-

Ì.¡een 18 and 2E NaCt. As the salinity exceeds this limit,

the growth of most ptants is considerably diminished (Wi!-

liams and Ungar L972; T.J. Flowers L975).

Ir{aas and Nieman (1978) reported that NaCl generally

stimul-ates the growth of most halophytic plants. Species

which are highly tolerant to NaCl may not be tolerant to

another salt compound. Futhermore, plant age and growth

phase may show different response to the salinity (Bern-

stein and Halrward 1958; Chatterton and l"lcKe1 1969).

Growth response to salinity leveI has

many halophytic species. Ashby and Beadle

that gror'il th of Atriplex is enhanced by the

sa1ts. They also showed that the presence

soil influences the flowering and fruiting

this halophyte. On the other hand, growth

been studied for
(L957) observed

addition of

of salts in the

formation of

of perennial



6

halophytes such as llordeum jubatum L. and Puccinellia

nuttalliana (Schutt. ) Hitch. is better in areas where

salinity is low (Macke and Ungar l97I; Ungar 1974). Other

studies investigating the influence of salinity on growth

of various halophytic plants, including Atriplex, Salicor-
nia and Suaeda, are: Blumenthal*Goldschmidt. and

Poljakoff-Itiayber (1968), Ungar (1970), Gale and poljakoff-

l"layber (L970), williams and ungar (1972), I{cMahon and ungar

(1978) and Yeo and Flowers (1980).

Among all the inland salt marsh halophytes, Salicornia
is considered as a typical obligate succulent halophyte
(Flowers 1934; Ungar L9741. It dominates soils of high

sarinity. This has stimulated severar researchers to inves-

tigate growth habit and salt resistance under field and

experimentar conditions (Hill 1908; webb 1966; Austenferd

1974; Chapman L974; Tiku L976; Grouzis et aI. 1977; Jef-
feries et al . L979¡ Ungar et al . L979¡ t"tcGraw and Ungar

1981; Cooper 1982; Pearcy and Ustin 1984).

Pomeroy (1970) considered salt marshes to be nutrient
sinks in which an excess of the essential elements are

available. However, it has been observed that these habi-

tats may contain limiting amounts of particular nutrients
such as nitrogenous compounds. Stewart et al. (L972, 1973)

and Jefferies (L977) suggested that nitrogen availability in
salt marsh soirs may rimit the distribution of halophytes.
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Valiela and Teal (I974) and Jefferies and perkins (1977,)

found that the growth of various species in salt marshes can

be increased by application of nitrogenous compounds.

waterlogging may also affect the growth and distribu-
tion of sart marsh plants (Brereton r97l). rt has been

observed that dry weight of some halophytic species is
reduced in waterlogged soils (Cooper 1982). Also there

is an increase in shoot and root yield of Salicornia

europaea agg. growing on saline soils over those found

in waterlogged soils.

The physiological ecology of halophytes has been ex-

tensively reviewed by Bernstein and Halnrard (1958), Vtaisel

(L972) , and Maas and Nieman (1978). Kuramoto and Brest
(L979) studied the photosynthesis of different halophytic
species under various salinity levels and specific ion

concentrations. They reported that succulent halophytes

possess the C¡ pathway for carbon fixation, while the

halophytic grasses utilize the ca pathway. They also con-

cruded that photosynthetic rate of grasses was lower than

succulents growing under high salinities. Another study
(Tiku l-976) showed that additions of Nacl induces the uptake

of COZ by succulents and inhibits it in grasses.

since halophytes are naturally selected to rive in
saline environments, they have a number of unique morphoro-

gical and structural characteristics (güaisel Ig72). These
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adaptations include smaller leaves, fewer stomata, increased

succulence, thickening of leaf surfaces, and reduced vasçu-

lar systems, which vary from one plant to another (Poljakoff-

Mayber 1975; Maas and Nieman 1978).

SaIt stress may cause an increase in specific ion levels

within the plant tissues. Halophytic plants are distin-

guished into two categories: halophytic species which are

able to regulate the amount of internal salts (by salt

glands, salt leaching, guttation, shedding of leavesr ol

by increase in succulence) and those plants which accumu-

late salts continuously throughout their life cycles

(Waisel L972; Albert f975).

Greenway (L962) stated that ion accumulation by halo-

phytes is a response to the saline environment. Ion uptake

by halophytic plants has been intensively discussed by

Waisel (L972) and T.J. Flowers (1975), who stated that

halophytes have the ability to accumulate massive amounts

of ions when exposed to high salinities. It has been shown

that the most commonly encountered ions in these plant

tissues are Na* and c1-.

Austenfeld (L976) reported that cation absorption by

halophytes is often balanced by the uptake of anions,

particularty Cl- ion. He observed that there were high

concentrations of both Na+ and CI- ions within the shoots

of Salicornia europaea growing under high salinity levels.
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Other ions, such as K*, h¡ere low.

supported by T.J. Flowers (1975),

and Cooper (1982).

These findings were also

Riehl and Ungar (f982)

Little information has been reported on the effects of
various cations and anions on the uptake of Na* and other

ions by halophytic plants. Black (1960) studied the inter-
nal salt leveIs of Atriplex leaves. He suggested that there

is an antagonistic effect involved in the Na+ and K+ ions

uptake by this halophyte. Such a mechanism is also des-

cribed by Waisel (L972r.

Recently much attention has been given to the íon

uptake processes and salt levels in halophytic prant tissues

and their roles in the osmotic adjustment of plant cells
to salt-stress conditions (Stewart et al. 1972¡ Stewart

and Lee L974; T.J. Flowers L975; T.J. Flowers and HaIl
L978; Storey and Wyn Jones L979; Jefferies et al. L979a,

I979b; Cooper L982; Riehl and Ungar Ig82; Briens and Larher

Lg82; Bennert and Schmidt 1984).

In order to survive in saline habitats, halophytic
plant cells must maintain an internal osmotic potential
lower than the external medium (Epstein 1969). These

prants therefore possess an osmoregulatory system to control
salt uptake and regurate their levels within the tissues.
Jefferies (1981) and others (e.g., Stewart and Lee 1974¡

Stewart and Boggess L978; Triechel L975, LgTg; Cavalieri
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and Huang L979; Sing and Rai 1981; Boucard and Billard

1981; BuhI and Stewart 1983) have suggested that a high

accumulation of salts is accompanied by the formation of

highly soluble organic compounds such as polyols and amino

acids inside the ce1ls. These serve as compatible osmotica

to achieve salt regulation in these plants.

Salt l"larsh Fungi

The pioneering work on the soil fungi in salt marshes

Ì,ras carried out by Bayliss-Elliot (1930) . Nevertheless,

relatively little information is available on these fungi

compared wíth the mycoflora of other ecosystems, although

fungi have been isolated from rhizospheres in salt marshes

(Pugh 1960, 1962, 1963, L974¡ Pugh and Beeftink 1980).

Pugh (1960) categorized salt marsh soil fungi into two main

groups: salt marsh inhabitants and salt marsh transients.
He also reported that rhizosphere fungi of salt marsh

plants are usually affected by waterlogging of the soils.

The vast majority of information available on salt
marsh fungi is limited to examination of rhizospheres of
dead and living plants. Apinis and Chesters (L964) studied

the Ascomycetes on senescent and dead parts of several

grasses, including Agropyron, Puccinellia and Spartina.

Dickinson (f965) reported that the mycoflora of Halimione
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portulacoides can be categorized into three grouPs: species

present on the leaf surfaces as deposited propagules, those

speci-es which are actively growing and sporulating on the

leaf surface, and fungi which grow vegetatively on living

leaves and produce fruiting bodies after the leaf becomes

moribund. Dickinson and Pugh (1965) examined the fungi

associated with Halimione portulacoides (L. ) AeIlen during

various plant growth stages. They observed that the two

fungal species Dendryphiella salina (Sutherland) Pugh et

Nicot and Ascochytula obions (Jaap) Diedicke were dominant

on root surfaces. The seedling roots rendered mainly

sporulating forms, while the mature plants !.¡ere colonized

by sterile hyaline forms. They also discussed the seasonal

fluctuation of the fungi on this plant. A study of Pugh

and l{itliams (1968) on fungi of living and dead Salsola kali

L. showed that the aerial parts of the plants were colonized

by dark-pigmented fungi, while light-colored forms were

usuatly observed on the roots. Furthermore, the mature and

decaying plants rendered a greater number of fungal isola-

tions than the seedlings. The mycoflora of rhizosphere of

healthy and dead Spartina townsendii H. et J. Groves were

studied by Sivanesan and l'lanners (1970) ' and the possible

role of fungi in die-back of this plant was suggested by

Good.man (1959). Recently, the rhizosphere fungi of various

plant roots, including those of Halimione, Puccinellia,

Salicornia, Spartina and Suaeda, hrere studied by Henderarto
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and Dickinson (1984).

Few ecological studies have been made on fungi of salt

marsh plants. Gessner (1977 ) studied the seasonal occurrence

and distribution of fungi on the aerial parts of

alterniflora Loisel in Rhode Island, U.S.A. He

Spartina

observed

that marine species occurred on the submerged parts

while exposed parts were inhabited by terrestrial forms.

Furthermore, Deuteromycetes such as Alternaria alternata
(Fr. ) Keissler were most frequently isolated from late growth

stages and particularly during seed set. He also suggested

that fungal succession on S. alterniflora is a seasonal

phenomenon rather than a replacement of one fungal species

by another.

Since the majority of studies of fungi on salt marsh

plants have been carried out in England and the United

States, limited information on the geographical distribution

of these organisms is available (Kohlmeyer and Kohlmeyer

reTe) .

The role which fungi play in a salt marsh ecosystem is
poorly understood. Possible degradation of salt marsh plants

by fungi has been suggested (Meyers et al . L970¡ t{iay L974¡

Kohlmeyer and Kohlmeyer L979; Pugh 1979). Gessner (I980)

examined the degradative enzymatic activj-ty of various

fungal species isolated from Spartina alterniflora. He

observed that various enzymes (such as Cx-cellulase and ß-
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glucosidase) were produced by salt marsh fungi.

The growth of fungi in saline environmenLs in relation
to salinity has been investigated by, for example, T.W.

Johnson and Sparrow (196I) and Jones and Byrne (1976).

Jones (1976) reported that the biological activities of the

fungi inhabiting saline environments are often influenced

by salinity, and that the growth of fungi under saline

conditions may vary from one species to another. Jones and

Jennings (J-964) examined the growth of several marine and

non-marine species. They found that species of marine

origin have a higher growth rate than non-marine forms when

salinity levels are high. Specific ion effects on growth

of some fungi, particularly Dendryphiella salina, have been

also conducted (Jones and Jennings 1965; Allaway and

Jennings Ig7O, !971) . These studies suggested that Na+

concentration is the most important determinant of growth

in this fungus. Effects of salinity on growth of some

fungi isolated from salt marsh plants have also been under-

taken (Gessner L976; Crabtree and Gessner 1982).
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INTRODUCTION

Inland salt marshes, like their maritime counterparts,

are among the most productive habitats in nature (Odum L97L¡

Chapman I974). Various transitional vegetation types can be

recognized (e. g ., Zosteretum, Salicornietum, Spartinetum,

Puccinellitum, Asteretium, Halimonionetum, Festucetum,

Plantoginetum, Juncetum, Scizpetum, Phragmitetum) along sal-

inity or alkalinity and moisture gradients. The principal

genera in these associations include leafy annuals (i.e.,

Artemisia, Atrip lex, Chenopodium, Halímione, l"Iono1epis,

Myrosurus, Plantago, Eg, Spergularia), lanceolate-leaved

annuals (i.e., Kochia,

eral perennials (i.e.,
Salicornia, Salsola, Suaeda) and sev-

Agropyron, Carex, Distichlis, Eleo-

charis, Glyceria, Hordeum, Juncus, Phragrmitis, Puccinellia,

Ruppia, Schedomordus,

nichellia) .

Scolochloa, Spartina, Triglochin, Zan-

Broadly generalized, the associations are considered to

represent the " 1o\^r marsh" (Salicornietum, early Asteretum) ,

replaced by the "high marsh" supplanted by the highest marsh

(Juncetum) and giving way to the salt pasture during succes-

sion from wet lands to dry lands (Hepburn 1966).

1s
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The concepts of "low marsh", "high marsh" and plant suc-

cession have been utilized in previous mycological studies,

and some workers have shown that halophytes support diverse

groups of fungi (Hudson and l{ebster 1958; pugh 1960, 1961,

1962, 1963, I974, L979¡ Apinis and Chesters L964; Dickinson

1965; Dickinson and Pugh 1965a, 1965b; Pugh and Dickinson

1965; Dickinson and lvlorgan-Jones 1966; pugh and Wittiams

1968; Sivanesan and it{anners 1970; Gessner et al. L972;

Holownia 1972; Gessner and Goos r973a, L973b¡ Dickinson and

Preece 1976; Gessner and Kohlmeyer 1976; Kohrmeyer and Gess-

ner 1976; Lindsey and Pugh L976; Gessner L977, I97B; Gessner

and Lamore L978; van der Aa and van Kestern L979; t"lilIer
L979; Pugh and Beeftink 1980; Henderarto and Dickinson 1984)

such as rhizosphere, cauloplane and phyloplane entities.
The vast majority of information is on fungi in the rhizo-
sphere of a few plants (i.e., Agropyron, Halimione Puccinel-

lia, Salicornia, Salsola, Spartina and Suaeda), and data on

fungi of the rhizoplane and phyloplane are limited.

This study considers fungi on sj-x inland salt marsh

halophytes (i.e., Atriplex patula L., Glaux maritima L.,
Hordeum jubatum L., Puccinellia nuttalliana (Sehutt.) Hitch",
Salicornia europaea agg., Suaeda depressa (Pursh)

Our principal aim is to taxonomically

of ecological

document the

I{ats. ) .

fungi as

a precussor to a series studies.
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METHODS A}TD MATERIALS

collections of the plants, from two sites at the uni-
versity of l"lanitoba Field station (Delta, Manitoba), occurred

at two-week intervals during the summers of Lggz and 19g3.

upon collection the sampres hrere im¡nediately processed for
cauloprane and rhizoplane fungi by a washing technigue (Har-

Iey and !{aid 1955). Root and shoot pieces, cut into 2- to
4-mm lengths and mixed thoroughly, were washed in 20

changes of sterile distilled water. washing took place in
sartorius plastic filter apparatus as contamination was ef-
fectivery reduced by asceptic addition and draining of water.
The washed pieces hrere plated on oÀES medium (Tuite 1969) in
lots of five per plate to a total of 15 root fragments and

15 shoot fragrnents for each colrection. Following plating
and incubation at 20tl co, the pieces were surveyed for
developing fungi. Also at each collection date larger root
and shoot pieces, 1.5 to 2.0 cm long, were washed in 20

changes of sterile distilled water, dried for 24 hours at
room temperature, and prated on sterile moistened filter
paper. During the incubation period at 2otL co, the pieces

were repeatedly surveyed for deveroping fungi. permanent

slides and dried cultures are deposited in the laboratory of
Dr. T. Booth at the Department of Botany, university of l"lani-

toba.



18

RESULTS AIID DISCUSSION

l. Acremonium furcatum F. et V. Moreau ex Gams. Nova

Hedwigia, I8: 30. 1970.

coNIDrA: hyaline; oval; 3. 5- (4.7t0 .6 ) -5. 5 x 2.5- (3.2t

0.5)-3.5 um; smooth (rig. 1-1); produced in slimy heads

(Fig. 1-6) on phialides. PHIAI,IDES (Figs. 1-1'5): hyaline;

cylindrical; 2I-32 um long; smooth; straight or slightly

curved. HYPHAE: hyaline; smooth; usually in bundles (Fig.

1-6). COLONIES: colorless at the beginning and turning pale

to yellow.

ISOLATES EXÂ.}IINED: ON OAES P Iated Salicornia e ea

seedling pieces. SLIDE: SMHF 103.

In the past this taxon was possibly referred to as

Cephalosporium (Pugh 1960). This genus is now considered

synonymous with Acremonium (Domsch et al. f980). Our iso-

late is morphologically similar to A. breve (Skup. et

Thirum. ) Gams, which râ¡as previously reported on Salicornia

(Booth et al. unpublished data), and A. murorLlm (Corda) Gams.

Acremonium furcatum unlike A. breve, has hyphal bundles and

the conidia are hyaline and chromophilic. Furthermore, the

conidia of our material are smooth-walled and those of A.

murorum are verrucose. Acremonium furcatum has been pre-

viously isolated from alkaline soils (Gams L97L; Domsch et

al. 1980), and this is the first report of this fungus on
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Salicornia europaea (Pref. seedlings).

2. Alternaria alternata (Fr.) Keissler. Beih, Bot.

zbL.292434. 1912.

CONIDA: golden brown to dark brown; variable in shape

(ovate, obovate or subclavate) (Figs. l-2,819) ¡ 12- (30.6t

8.4)-42 x 7- (11 .3!2.3)-I7.5 um; mostly verrucose (r'ig. 1.-9)

(infrequently smooth); one to six (two to four) transverse

septa, zero to three longitudinal septa; beaks short, 3.7 x

2.5-3.5 um. CONIDIOPHORES: pale brown; 10-87 (21-38) x

3.5-5.0 um; smooth, straight or flexous; arising singly or

in groups (Figs. I-2,7). COLONIES: dark olivacious to dark

brown.

ISOLATES EXAMINED: on OÀES and filter paper plated of

live and moribund roots and shoots of Atriplex patula,

Glaux maritima, Hordeum jubatum, Puccinellia nuttalliana,

Salicornia europaea and Suaeda depressa. SLIDES: SI{HF 105,

106, L07, 108. CULTURES: CSMHF 20L.

This taxon is similar to Alternaria tenuissima (Kunze

ex Perse.) hlilttshire which, contrary to A. alternata pro-

duces relatively long beaked, smooth conidia in short chains

(Ellis 1971b). Our material is also conspecific with â.
salicornia ReidIe and Ershad which was described on dead

Salicornia (ReidIe and Ershad L977). The conidia of this

fungus are 25-35 x 5-6.5 um and are well within the reported
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ranges of å . alternata. A1sor âs in another study (Giha

1973), we observed pronounced conidial size and shape varia-
tion in isolates of A. alternata from different plants. This

along with other similarities suggests that perhaps A. sari-
corniae is synonymous with A . alternata.

Previous reports of A . alternata on salt marsh halo-
phytes include various plants, í.e., Agropyron repens (L. )

Beauv. (Hudson and Webster 195B), Halimione portulacoides
(L. ) Aellen (Dickinson and pugh 1965a) , salsola kali L.
(Pugh and williams 1968), spartina alterniflora Loisel
(Gessner and C,oos 1973a, 1973b¡ Gessner 1977, LgTg) and S.

townsendii H. et J. Groves (Sivanesan and Manners 1970).

Although A . alternata is previously reported from SaIi-
cornia (Reid1e and Ershad L977 r âs A. salicorniae ) , these

are the first reports of this fungus on Atriplex patula,

Glaux maritima, Hordeum ubatum Puccinellia nuttalliana
and Suaeda depressa.

3. Alternaria chlamydospora Mouchacca. Mycopath.

Myco1. appl. 50:2I7-222. J973.

coNrDrA: brown to dark brown; subspherical, oboval or
irregular (Figs.1-3,10 to 13);17-(38r13.2)-55 x (20.4t

7.1)-35 um; smooth; inrnature conidia having a few cells (rig,
t-r3) and becoming multicellular láter (Figs. 1-r0 to L2) ¡

constructed at septa (rig. 1-3); several transverse, longi-
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tudinal and oblique septa (rig. l-3); beak absent (rig. 1-u)
or short (Figs. I-I2,13). CONIDTOPHORES: hyaline; 7-32 x
3.5-5 um. COLONIES: brown to dark brown, effuse.

ïSOLATES EXÀ¡IINED: on OAES and filter paper plated
pieces of mature live to standing dead saricornia europaea.

SLf DES: SMIIF 110, 1l-6 , 118.

The production of large and irregularly shaped, con-

stricted conidia characterize this fungus (Mouchacca 1973).

However, immature conidia may be confused with spores of
chuppia sarcinifera Deighton but the conidiogenous cells of
this taxon differ from those of Alternaria chl s ra.
Generally, our isorates conformed with those previously
reported (l'louchacca 1973; Ellis l-g76).

Alternaria chl amydospora, most freguently isolated from

moribund or dead Salicornia is reported for the first time,

on this pIant.

4. Alternaria citri Ellis and pierce apud pierce. Bot.

Gaz. 332234. L902.

coNrDrA: pale brown to brown or dark brown; ovar, sub-

globose or obclavate (rigs . ]--4,r7,r8A,188) ; 27-43.9t10.4) -
45 x 14-(17.9t3.9)-21 um; smoothr or verrucose (about 2s*) ¡

in short chains; two to five transverse septa, one to three
longitudinal septa; pale brown beak present (fig. I-1gB),
3.5-9 x 3.5 uilr or absent (rig. l-1BA). CONIDIOPHORES: pale
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brown¡ 2I-]-75 (40-75) x 3-5 um; simple; smooth; straight or
srightly flexous; usuarty with one terminal scar. coLoNrES:

dark brown above, black below; effuse.

Although Arternaria citri is morphologically very simi-
lar to A. radicina lt{eier, Drechsrer et Eddy, our material
most closely fits the description (Ellis lg7lb) of the for-
mer on the basis of the verrucose and beaked characteristics
of the conidia. This is the first report of this fungus on

Salicornia and Suaeda"

5. Alternaria dennisii M.B. Ellis. Mycological pap.

I25:27-29. 1971.

CONIDIA: pale brown to golden brown; cylindrical to
clavate (Figs. 1-14,L9,2]-) ¡ 12-(28.9t6.7)-50 x 5-(A.gtI.3)-
L4 um; minutely verrucose (fig. 1-19) or smooth (fig. l-21);
frequently with two to ten transverse septa and occasionally
one to two longitudinal septa (fig. 1-14); sometimes in
chains of two to three conidia; abundant i-n culture. coNrD-

IOPHORES: pale brown; lateral or terminal¡ 9-70 (17-35) x
3-5 um; simple; straight; with one terminar scar (Figs. r-14,
20). COLONIES: pale brown; effuse.

rsotATES EXAMTNED: one OAES and filter paper plated
pieces of Suaeda depressa 

" SLïDES: SMHF L26, l28.

Unlike the type material of Alternaria dennisii (EIlis
1971a) and subsequent description (Elris Lg76), our isolates



23

produce minutely verrucose conidia. This somewhat relates

our material to the Alternaria state Pleospora infectoria
Fuckel which produces heavily verrucose conidia (El1is

197lb).

Conidia of this taxon appear, unlike those of the

Alternaria state of Pleospora infectoria and our fungusr âs

long-branched chains. When devoid of longitudinal septa,

conidia of our isolates are similar in appearance with those

of Dend ieIla salina (Sutherland) Pugh et Nicot. Also

the reported (Pugh and Nicot 1964) size range, i.e., (20-45

x 6-9) um) of D. salina is within that of our fungus. Des-

pite these problems, vve consider the Delta Marsh material
to be A. dennisii when all morphological features are con-

sidered.

This is the first report of Alternaria dennisii from

Suaeda depressa.

6. Alternaria petrosilini (Neergaard ex Simmons) M.B.

Ellis. More Demataceous Hyphomycetes.

Kew, England. p. 4I7-4L8. L97G.

Common. Mycol. Instit.

CONIDIA: brown to dark brown or black; clavate or cy-

lindrical (Figs . L-Ls ,22 to 24) ¡ 49- (65.1r LL.2) -t15 x IO-

(r7.7t3.8)-24 um; smooth (Figs. L-22,231 or verrucose (rig.
r*24) ¡ slightly constricted at the septa; in short chains;

5-14 (7-11) transverse and one to three tongitudinar septa;
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beak short, 3-10 x 3-5 urn¡ or absent. CONIDIOPHORES: pale

brown¡ 2I-87 x 4-6 um; smooth; with a terminal scar (Fig.

1-15). COLONIES: dark brown to black; effuse.

ïsoLATEs EX.AMTNEDs on oAEs plated live to dead pieces

of Hordeum jubatum, Puccinellia nuttalliana and Salicornia
europaea. SLIDES: SMHF I35 , L40, 142.

Alternaria petrosilini most closery resembles A. triti-
cicola Vassant Pao and å . plurise ptata (Karst. et Har.)

Jorstad" A dark brown coloration and shorter beak of the

conidia of our collections more closely relates them to A.

petrosilini than to A . triticicola which has conidia with a

considerably longer beak and light brown color. secondly,

conidia of the Delta Marsh material more closely approximate

the dimensions of A . petrosilini spores than the smaller ones

of A. pluriseptata.

This is the first report of A . petrosilini from halo-
phytes.

7. Alternaria phragrmospora van Emden. Acta bot. neerl.
1970.

coNrDrA: pare brown; obclavate, obovate or cylindricar
(Fig. 1-16) ; 17- (3116 .4) -49 x 7- (9.911 .2) -L4 um; smoorh;

solitary; occasionally \^rith oi1 droplets; constricted at
septa, two to seven (three to five) transverse septa t zero

to one longitudinar septa; short beak present (rig. L-2sAl ,

19:393.
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3.5-12 x 3.5-5 um, or absent (Fig. I-Z5B). CONIDIOPHORES:

hyaline; shortì 9-32 (12-f7) x 2.5-4 um; simple; solitary
(Fig. 1-16 ) . cHLA¡,IYDosPoREs: pare brown; intercalary (Fig.

1-16). COLONIES: grey to pale brown above, dark brown

below; effuse.

rsoLATEs EXAMTNED: on OAES plated live segrnents of
Salicornia europaea. SLIDES: SÌ'IHF L45, L46, 154.

Alternaria helianthi (Hansf. ) Tubaki and Nichihara and

è. chrysanthemi sinunons and crosier are morphologically
similar to A. phragrnospora. conidia of our isolates are

within the size range of those of À . phracrmos phora , i.e.,
20-50 x 6-13 um (Mouchacca L973; Ellis Lg76) and smaller
than spores of A . helianthi at 45-L45 x lO-30 um (Tubaki and

Nishihora 1969) and a. chrysanthemi at 66-11 9 x 19-33 um

(Simmons and Crosier 1965).

Although Alternaria phragmospora has been recently re-
ported from the roots and leaves of various higher plants
(Abder-Hafez 1981, L982), ours is the first report from
Salicornia europaea.

8. Alternaria raphani Groves and Skolko. Can.

Sect. C. 222227. 1944.

J Res.

coNrDrA: golden brown; obclavate or subglobose (Figs.

L-26, 33) ; 17- (33 
" 617 .6) -66 x t0- (ld.51 3.I) -Zø umi smoorh;

constricted at the septa; with oil droplets; three to six
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transverse septa, one to three longitudinal or oblique septa;

beak when present, 5-10 x 3.5 um. CONIDIOPHORES: hyaline;

micro or macronematous; 9-42 (17-35) x 3.5-5 um; solitary.

COLONIES: pale brown to brown; effuse.

ISOIA1ES EXAI{INED: on OAES plated live pieces of Atri-
plex patula and live and moribund Salicornia europaea.

SLIDES: SMHF l4l.

Even though Alternaria raphani tends to demonstrate

features which overlap with other described species (El1is

1971b, 1976\, rr're designated our material as this taxon.

Alternaria chlamydospora and A. triticina Parasada and Prabhu

can be confused with å. raphani. Except for the slightly

longer beaks and diminished construction at the septa of the

conidia of A. triticina material of A. raphani can be in-

correctly allotted to this taxon. Also young conidia of A.

raphani are entirel y similar with those of A. chlamydospora

which necessitates seeing the mature spores of material of
the previous fr.urgus before attempting classification.

Alternaria raphani is reported from hi gher plants in-

cluding the rhizoplane of Triticum sp. (Abdel-Hafez 198I,

1982). Ours is the first report of this fungus on marsh

halophytes.

9. Alternaria tenuissima (Kunze ex Pers.) Wiltshire"

1933.Tarns. Br. Mycol. Soc.18:157.



CONIDIAs brov¡n; clavate to subclavate (Figs. L-27,34) ¡

t7- (3017.5) -57 x 7- (fI .3!2.5) -19 um; smoothr in short chains;

two to seven transverse septa and zero to two longitudinal
septa; beak, pale brown, 5-35 (10-23) x 3.5-5 um. CONIDIO-

PHORES: pale brown; 10.5-98 (12.45) x 3.5 umi smooth; simpre;

straight, with one or more scars (rigs. L-27,3s1. coLoNrES:

centrally dark brown to black, peripherally grey; effuse.

TSOLATES EXAI'ITNED: on oAEs plated live to dead fragrments

of Atriplex patula and Suaeda depressa.

27

beak length and the smooth wal1 of the

are more firmly related to Alternaria

Due to

our isolates

than to the

and Everh. )

longer than

conidia,

tenuissima

similar taxa A. alternata and A. lonqipes (E11is

Mason.

those

Conidial beaks

alternata

Alternaria 1ongr_pes spores are consistently verrucose

while those of Delta Marsh are smooth-watled. Generally,

our isolates are conspecific with most previous descriptions
(Ellis 1971b; Domsch et at. 1980).

This taxon is a known secondary invader of different
plant species (E1lis 1971b), and it has been reported from

salt marsh soils (Moustafa'I975¡ Moustafa and Musallam

1975). ours is the first report of Alternaria tenuissima

on Lhe surfaces of salt marsh halophytes.

of å-

of our material are

conidia.

10. Arthrinum phaeospermum (Corda) M.B. ElIis. Mycol.
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pap. 103: 8-10. 1965.

coNrDrA: pale brown to brown with a conspicuous color-
less band; lenticurar or flattened erropsoidal (Figs. r-2g,
36,37) ; 8.5-(10.2r1.3)-lI x 5-(5.910.9)-7 r¡m; smooth;

usually produced in groups directly on conidiophores or on

short denticles on conidiophores; single-celled. CONIDIO-

PHORES: hyaline; 5-17.5 x L.5-2.5 um; smooth; simple.

COLONIES: colorless becoming grey with age; effuse.

TSOLATES EXAI\ÍrNED: on OAES plated rive pieces of Glaux

maritima, Hordeum ubatum, Puccinellia nuttalliana and

Suaeda depressa. SLIDES: S¡,IIIF L2O, 143.

Arthrinum saccharicola stevenson and A. aureum calvo
and Guarro are similar to our isolates and A . Phaeospermum t

but the former organism has wider conidiophores tt¡an our
fungus and the latterr âs recently described (Calvo and

Guarro 1980), has rarger conidia (i.e., 10-30 x 10-15 um).

The fungus described here most closery approximates material
of A. phaeospermum as circumscribed by Ellis (f965).

considered to be cosmopolitan (E1lis 1971b), Arthrinum
phaeospermum is commonl y assigned its synonl¡m Papularia
phaeosperma (Pers. ex Gray) Hohnel, and it has previously

been reported on the salt marsh plants Spartina alterniflora
(Gessner and Goos 1973b) and S. townsendii (Sivanesan and

I"lanners 1970). !{e are reporting â. phaeos permum on G1aux
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maritima, Hordeum ubatum, Puccinellia nuttalliana and Suaeda

depressa for the first time.

11. Àscochyta chenopodii Roster. Bot. Tidsskr. 26 ¡ 3¡.L.

1905.

CONIDIA: hyaline; cylindrical to ellipsoidal with
rounded ends (Figs. 1-30 ,39) ¡ 8- (tO.9rl .2)-LZ x 3.5- (4.tt

0.5)-5 um; smooth; constricted at the septum; equally two-

celled. PYcNrDruI{: dark brown to black; subglobose to pyri-
form (nig. r-29)¡ 200-390 x 180-300 um; ostiolate; immersed;

perdium (Figs. 1-31,38) outwardly dark and inwardly pale

brown. PHIAIIDES: hyaline; short; lining inner perdium waIl
(Figs. 1-31,38). COLONIES: white to buff to grey; rapidly
growing floccose.

TSOLATES EXAI.{INED: on OAES and filter paper plated rive
to dead pieces of Atriplex patula, Salicornia europaea and

suaeda depressa. SLTDES: S¡,IHF LL7, L2g, r47. CULTURES: rMr

27959L, CSMHF 222.

Ascochyta salicornia P. Ivlaganus, reported from several
different species of Salicornia (Kohlmeyer and Kohlmeyer

ìg7g) - iq^ r^tith awnan{-inn nf 'l=raav aanì'ili- l: 1^ rôvv¡¡¿s¿q \r.ç. ¡ LV_J_J

(20) x 4-7 um), morphologically simirar to our material.
However, it has been judged (Sutton personal communica-

tion) that our deposited material (rnternational Mycologi-

caI Institute material No. 27959I and personal- herbarj-um
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specimen (slides SMHF LL7, ]-29, L47¡ culture CS¡{HF 2221 are

most suitably assigned to A. chenopodi i .

This organism was observed on various species of cheno-

podium and Atriplex (van der Aa and van Kestern LgTg) as the

synonym Ascochyta caurina (p. Karst.) Aa and Kest. Another

closely related fungus, Ascochytura obions (Jaap) Diedicke,

which is possibly synonymous with pseudodiplodia (Sutton

L977), has been reported from the salt marsh plant Halimione

portulacoides (Dickinson and Mo rgan-Jones 1966).

We are reporting Ascochyta chenopodii from Atriplex
patula,

time.

Salicornia europaea and Suaeda depressa for the first

L2. Aureobasidium pullulans (De Bary) Arnand. Ann. Ec.

Agr. Mont pellier. N.S. 16:39. 1919.

CONIDIA: hyaline; ellipsoidal to oval- (Figs. L-32r4l-) ¡

3 . 4-7 x 2 .5- 3. 5 um; smooth; one-cel_led; produced singly or
in slimy masses (fig. 1-40) either directly from the hyphae

or by short projections (Fig. 1-41). CHLAMYDOSPORES: usually
present in o1d cultures. COLONIES: slimy; colorless at the

first, becoming straw-colored, brown and black in old cul-
tures.

ISOLATES EXAMINED: on OAES plated seedling pieces of
Glaux maritima and Salicornia e

CULTURE: CSl"lHF 99 .

uropaea. SLIDES: SI{HF 104.
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Our isolates demonstrating the previously studied

yeast-J-ike phase (Davenport L9761, are closely associated

with Aureobasidium pullu1ans as descr ibed by Ellis (197Ib)

and Domsch et aI. (1980). This fungus has been recorded

from various halophytes (Hudson and webster t95B; Dickinson

1965; Last and Deighton 1965; Hudson 1968; pugh and wirriams

1968; Pugh and Buckrey 1971; Lindsey 1976) and red mangrove

(Rhizophora) seedlin gs (Newe1l 1976).

Commonly found on seedlings of Salicornia europaea and

Suaeda de ressa in our study , Aureobasidium pullulans is
herein reported on these substrates for the first time.

13. Cladosporium herbarum (Pers. ) Link ex S.F. Gray.

Nat. Nat. Arr. Br. Pl. 1:556. 1821.

CONIDIA: pale brown or olivacious brown; ellipsoidal or
oval (Figs. L-42,43,48)¡ 6-(fI.913.9)-20 x 4-(6.410.9)-8 um;

verrucose; zeÍo to one septate; in chains; one or two scars

present on ramoconidia (Fig. 1-48). CONIDIOPHORES: hyaline;
40-110 x 4-6 um; smooth; straight or frexuous; occasionalry
genicurated and nodose; one to three scars present on the

aoices lFios 'l-A? -Ag,ì í'ôT.ôNTE'q. nlitrr¡i^,'o !^ å^-r-
-l ---- t- -J-- - -- t --t - qv4vsÞ YÀEg¡r Lv uclJ-J\

green.

TSOLATES EXAI{INED: on OAES plated pieces of Glaux mari-

tima, Hordeum jubatum, Puccinellia nuttalliana , Sa1ícornia

europaea and Suaeda depressa. SLIDES: SMHF IO7, 133. CUL-
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TURE: CSMHF 2I7.

Our isolates show affinity with Clados rium variable
((boke) de Vries and C. cucumerinum Ellis and Arth. as h'e t1
as g- herbarum. Verrucose, nonseptate, small conidia in
long chains serve to distinguish Delta ùlarsh isorates as g.

herbarum rather than c. cucumerinum or c. variable. clado-
sporium herbarum is commonly encountered as an earry coroni-
zer of dead organic matter and plant surfaces (EIlis tgZIb;
Domsch et aI. 1980).

several workers have reported this fungus from sart
marsh rhizosphere soils (pugh 1960, L962¡ Dickinson and pugh

1965a; Moustafa r97s; Abdel-Fattah et al. L977¡ Abdel-Hafez
1981 t L982). Cladosporium herbarum was also observed on the
root surfaces of Halimione porturacoides (Dickinson and pugh

1965a, 1965b). rn our study this fungus was isorated on arl
of the considered halophytes excluding Atriplex patula.

I4. Cladosporium oxysporum Berk. et Curt. J. Linn. Soc

l0:362. 1868.

coNïDrA: green; ellipsoidal, cylindrical or oboval
(Figs. 1-45,49) ¡ 4-(f9.7!5.2)-32 x 3.5-(4.3r0.8)-5.5 um;

smoothì zero to one septate. coNrDropHoREs: hyaline to pale
brown; 35-300 x 3.5-5.5 um; smooth; geniculated, with swel-
ling at intervals (F.igs. 1-44,e9). COLONIES: brownish; cot_
tony to effuse.
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ISOLATES EXAIIINED: on OAES plated living pieces of
Atriplex patula. SLIDES : SIvIHF 109 , 132 .

Cladosporium algarum Cooke and Masse, I . cucumeranum,

c . oxysporum, 9. spongiosum Berk. and Curt., and C. tenuis-
simum Cooke are all possibly conspecific with our specimen.

Unlike our material with narrower, single-celled ramo-

conidia, C . algarum has wider, septate ramo-conidia. De1ta

l"larsh isolates have swerlings along the conidiophore, while
the same structure in C " cucumerinum has no such swellings
and its ramo-conidia are larger

septations of C. spongiosum are

gus. Conidia of C. tenuissmum,

than in our isolates. Hyphal

much darker than in our fun,
produced on long conidio-

phores, are lightly verrucose, and conidia of our material
are smooth and produced on short, stout conidiophores. In
final analysis, our organism most closely agrees with C.

oxysporum as delimited by Eltis (1971b).

This is the first report of this fungus on inland salt
marsh halophytes.

15. Dend iella arenaria Nicot. Rev. l"lycol . 23293.
1l.itroJ->J().

CONIDIA: pale brown; ellipsoidal, cylindrical or sub-

cylindrical (Figs " l-4 7 ,50) ¡ 11- ( L7 "5!2.7) -26 x 4- (5 .9r 0. B) -
7.5 um; smoothi oRe to four septate; arising singly or in
groups (Fig. 1-46). CONIDIOPHORES: hyaline to pale brown;



34

10-30 x 3.5-5 umi smootÌ¡; sinple; straight or slightly flex-
uous (Figs. 1-46r50). COLONIES: pale brown to brown above,

dark brown below; effuse.

ISOLATES EXÀI\ÍINED: on OAES plated live pieces of
Atriprex patula, Glaux maritima, saricornia europaea and

Suaeda de ressa, and live and dead of Hordeum ubatum and

Puccinellia nuttalliana. SLIDES: SMHF 108, IL2, 131, 160.

CULTURES: CSMHF 206, 2LI.

Assignment of our isolates to Dendry iella arenaria is
somewhat problematical. rn the first prace the genus is con-

sidered to be synonymous with Dendryphion (s.J. Hughes l95g;
Barron 1968; Carmichael et al. 1980) . Secondly, the species

D arenaria and its closely related counterpart, D. salina
(sutherland) Pugh et Nicot, are placed in scolecobasidium
(Etlis 1976) as s, arenarl-um (Sutherland) M.B. Ellis. Final-
ly, Derta l"larsh isolates overrap both ,'arenaria" and "salina,'
regarding conidium size and septation.

various workers have chosen not to accept the synonymy

of Dendr iella with Dendryphion (Pugh and Nicot L964¡

Reisings¡ L968; Reisinger and Gaedenet 196g; c.c. Hughes ]:975¡

Kohrmeyer a¡rd Kohlmeyer 1979), and we therefore follow this
precedent.

As the conidiophores of our specimen do not produce on

visible denticles, we are maintaining them in Dendryphiella.
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(The reader may wish to consult Kohlmeyer and Kohlmeyer

(I979) for a complete discussion of the situation' ) Despite

the overlap of the conidia of our material with D. arenaria

and D. salina, the mean conidia dimensions (5.910.8 x 17.51

2.7 um) and the normal number of spore septations (i.e.,

three) of the Delta l"larsh fungus concur most closely with D.

arenarl-a. This fungus, frequently reported from saline en-

vironments (T.W. Johnson and Sparrow 1961; Pugh and Nicot

1964; Kohlmeyer and Kohlmeyer 1979), is known from various

salt marsh halophytes (Gessner and Goos 1973b; Kohlmeyer and

Kohlmeyer 1979). Our specimens represent the first report

of Dendryphiella arenaria on the cauloplane and rhizoplane

of halophytes of this study.

16.

Curr. Sci.

Drechslera halodes (Drechsler) Subram. and Jain.

35:354. 1966.

CONIDIA: pale brown to golden brown; broadly fusiform,

ellipsoidal or cylindrical (Figs. 1-5I,59,601 ¡ 35-(65!L2.0)-

87 x 14-(17.2tf.9)-19 umi smooth; hilum black and conspic-

uous; 4-10 pseudosepta; apical celI lighter than the other

cells in color, and separated by dark septa; straight or

somewhat curved (Fig. 1-51). CONIDIOPHORES: pale brown to

brown; up to 200 um long, 4-7 um thick (Figs. 1-51,58).

ISOLATES EXAIvIINED: on OAES and filter paper plated

pieces of standing dead Glaux maritima, Hordeum ubatum,
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Puccinellia nuttalliana and Suaeda depressa. SLIDES: SMHF

2L5, 221.

Isolates in our study are related to Drechslera halodes

q. miyake (Nisikado) Subram. and Jain and the Drechslera

state of Cochliobolus bicolor Pual and Parbery. Conidia of
Delta Marsh isolates, like those of D. halodes, are wider

(14-19 un) than spores of D. miyake. Also the conidia are

dark, while they are lighter in D. miyake. Conidia of the

Drechsler state of C. bicolor have an elliptical shape and

flattened attachment scars rather than more generally broad

fusiform spores with distinctly protuberant attachement scars

of D. halodes and our specimens. Our material is most close-

Iy related to that described by Shoemaker (L9621, Eltis
(1971b) and Kohlmeyer and Kohlmeyer (1979). Despite the

suggestion of D. halodes as a synonym of Exserohilum rostra-
tum (Drechsler) Leonard and Suggs. (Leonard 1976\, we are

maintaining the taxa.

This fungus has been reported on the aerial parts of
Spartina alternifl-ora (Gessner L977), but ours are the first
reports from G1aux maritima, Hordeum jubatum, Puccinellia
nuttall-iana and Suaeda depressa.

L7. Epicoccum purpurascens Ehrenb. ex Schlecht. Synop.

PI. Crypt. 136. L824.

CONIDIA: dark brown; globose to subglobose (Figs. J--52,
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61); 10.5-(f6.4t2.31-28 um in diameter; rough, reticulated

wa1ls, with short conspicuous protoburances at the bases (at

the point of the attachment with conidiophores). CONIDIO-

PHORES: pale brown or hyaline; short; 3.5-10.5 x 2.5-3.5 um;

smooth; simple. COLONIES: grey or yellow-orange above, dark

orange below; sporodochia present in culture.

ISOLATES EXAI\ÍINED: on OAES plated p ieces of Salicornia

europaea. SLIDES: SMHF 119, l2-1, 136. CULTURES: CSMHF 232,

237 .

I"lorphological characteristics of our specimens are

similar to Epicoccum purpurascens as previously reported

(Ellis 197Ib; Matsushima 1975).

Epicoccum purpurascens, considered a seconda ry invader

of plant tissues (Domsch et al. 1980), is reported from salt
marsh soils (Schol-Schwarz 1959; Abdel-Fattah et al. ]-9771

and various halophytes (Pugh and Williams 1968) including:
(1) Salicornia sp. (Kohlmeyer and Kohlmeyer L979) and (2)

Spartina alterniflora (Gessner and Kohlmeyer L976; Gessner

1978).

18. Fusarium moniliforme Sheldon. Rep. Neb. Agric. Exp.

Stn. 17 223-32. 1904.

CONIDIA: microconidia hyaline; suboval to subellipsoidal
(Figs. 1-53,63); 5-10 x 1.5-2.5 um; smooth with slightly
flattened bases; occasionally with one septum; produced in
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chains on phialidesi very abundant; macroconidia absent.

PHIAIIDES: hyaline; cylindrical; 20-30 x 3-3.5 r¡m; smooth;

single or in groups (Figs. 1-53,62). COLONIES: white or

peach above, violet below, rapid growth with a powdery

appearance.

ISOLATES EXAI"IINED; on OAES plated root and shoot

SLIDES: SMHF

pieces

151,of Atriplex patul-a and Suaeda depressa.

This is particularly

chains as previously

157. CULTURES : IMI 287792 , CSIVIHF 24L.

l{orphological features of our isolates comply with

Fusarium moniliforme (C. gooth personal communication) .

so as microconidia are produced in
described (C. Booth ]-97L').

This taxon was reported from salt marsh soils and the

rhizosphere of various plant species (I{oubasher et al. 1984).

During my study, it appeared most abundantly on sodium

nitrate-treated Atriplex patula (unpublished data). These

are the first reports of Fusarium rnoniliforme on â. patula,

Salicornia europaea and Suaeda depressa.

19. Fusarium tricinctum (Corda) Sacc. Sylloge Fung. 4:

-^^ 1^^-/UU. IööO.

CONIDIA: macroconidia hyaline; fusiform (Figs. l-54 ,65) ¡

28-40 (35) x 3-5 um; smooth; curved; abundant; produced from

phialidic cells (Figs. 1-54 ,64) ¡ three to four septate (nig.

1-65); microconidia hyaline; abovoid; 9-L2 x 3-5 um; smooth;
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one-celled; sparsely produced. CONIDIOPHORES: single or in

groups; simple; short; terminated with one to three phialid-

ic cells. PHIALIDES: cylindrical; short; smooth (rig. 1-54).

CHLAI4YDOSPORES: present in old cultures. COLONIES: pink to

red above, dark red below; growing rapidly on OAES medium.

ISOLATES EXA¡'IINED: on OAES plated live to dead segrments

of Atriplex patula, Glaux maritima, llordeum jubatum, Pucci-

nell-ia nuttalliana, Salicornia europaea and Suaeda depressa.

SLIDES: SMHF 156 , 160. CIjLTURES: IIvII 287793 , CSMHF 240 .

Initially we considered our specimens to be Fusarium

culmorum (W.G. Smith) Sacc., but they were subsequently

identified to be F. tricinctum at the Commonwealth llyco1ogi-

cal Institute (C. Booth personal communication). Subsequent-

ly, we observed sparse production of microconidia.

Although this taxon may be among the Fusarium spp.

commonly reported from salt marsh plants (Dickinson 1965;

Pugh and hlilliams 1968; Gessner and Goos 1973a, 1973b¡ Lind-

sey and Pugh L976), this is the first definite report of F.

tricinctum on halophytes.

20.

111-112.

Gliocladium roseum Bain. 8u11. Soc. tr{ycol. Fr. 232

1907.

CONIDIA: hyaline or pinkish; ellipsoidal or subovate

(Fig. I-55); 5-8 x 3-4 umi smooth; produced in slimy masses

from the phialidic cells. PHIAIIDES: hyaLine; 15-25 x 2.5-
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in whorles of 3-5; verticellate (Fig. t-66) or peni-

(rig. l-67); smooth. COLONIES: whitish pink to

sclerotium-like structures produced in old cultures.

ISOLATES EXAMINED: on OAES plated seedling pieces of
Glaux maritima and Salicornia europaea. SLIDES: SI{HF 139.

CULTURE: CSI'IHF 2L8.

The hyaline or pinkish conidia produced on verticellate

or penicillate conidiophores relate our specimens to Glio-
cladium roseum rather than verticillium intertextum rsaac

and Davies with verticellate phialidic arrangement only, and

I catenulatum Gilm and Abbott with greenish conidia. Our

material most closely conforms to that reported by Isaac

(1954), Barron (1968) and von Arx (f970). The conidia are

symmetrical rather than asymmetrical as previously reported
(Domsch et aI. 1980).

Common in the rhizosphere of Salicornia, Spartina,

Suaeda and Halimione (Pugh L962, 1963; Dickinson 1965; Hen-

derarto and Dickinson 1984), this is the first report of
Gliocladium roseum in the rhizosplane and cauloplane of halo-
phytes.

Br

21.

Mycol.

Ivlonodictys pelagica (Johnson) n.g.C. Jones. Trans.

Soc.46:138. 1963.

CONIDIA: pale brown to brown; spherical to subspherical

or pyriform (rigs. 1-56 ,68,69); L4-25 (18-21) x LI-22 um;
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smooth; constricted at the septa; irregularly septate;

aleuriospores on short conidiophores (fig. 1-69) or sessile

(F'ig. 1-69). CONIDIOPHORES: hyaline to pale brown; micro-

nematous; simple. COLONIES: grey to pale brown.

ISOLATES EXAI"IINED: on OAES plated pieces of live Sati-

cornia europaea. SLIDES: SMHF L02, 111.

Careful examination of the conidiogenous cells of our

isolates relates them to llonodictys pelagica rather than

Chupp ia sarcinifera Dei ghton with intercalâry, sessile

conidiophores (Deighton 1965). Conidia of the Delta Marsh

material are smooth-walled and distinctly different from the

verrucose conidia (sensu S.J. Hughes 1958) of M. castaneae

(Wallr.) Hughes, a fungus morphologically similar to M.

pelagica. Among our isolates conididal size agrees closely
with material reported by EtIis (1971b) but is smaller than

described by Kohlmeyer and Kohlmeyer (1979).

l'lonodictys pelagica is known from salt marsh halophytes

(Gessner and Goos L973a, 1973b; Davidson 1974), and it is
widely distributed in marine environments (Kohlmeyer and

Kohlmeyer L9791. Our isolations on Salicornia europaea were

particularly high from plants treated with sea salt (see

Chapter 3 of this dissertation).

22. I"lucor hiemalis E{ehmer. Ann. MycoJ-. l-:39 . 1903.

SPORANGIOSPORES: hyaline; ellipsoidal (Figs. 1-57,711 ¡
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5-7 x 2.5-4.5 umi smooth. SPORANGIA: golden brown to brown;

globose ¡ 45-75 um in diameter; with a colorless or yellowish

subglobose columella (rig. 1-70); 20-28 um in diameter.

SPORÄNGIOPHORES: yellowish; up to t5 um in diameter; sympo-

dially or irregularly branched; smooth. COLONIES: greyish

to yellowish brown or buff.

ISOLATES EXAMINED: on OAES plated pieces of Atriplex
patula, Glaux maritima, Hordeum jubatum, puccinellia nut-

talliana, Salicornia europaea and Suaeda depressa. SLIDES:

SIUHF 155. CULTURE: CSHMF 227.

Our material is similar to previously reported Mucor

hiqnalis (Zycha et al . L969¡ l"lehrotra et al. Lg72; Schipper

1978). fhis fungus is known from the rhizosphere of salt
marsh prants (Pugh L962; Pugh and Beeftink 1980); the rhizo-
plane of Salicornia stricta agg. (pugh 1960); living Spar-

tina townsendii (sivanesan and Manners 19zo) and decomposing

c alterniflora (Gessner and Goos l-973a, 1973b). In our

collections l"lucor hie¡nalis, which grows well in sea water of
up to 20t to ful1 strength (Jones and Byrne L976), occurred

most frequently on Atriplex patula and Glaux maritima.

23. Nais inornata Kohlm. Nova Hedwigia . 42409. 1962.

PERITHECIA: dark brown to black; srrbglobose with a

short neck, ostiolate; 210-260 x 190:230 umi immersed

beneath the plant epidermal tissue; solitary; peridium dark
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unitunicate (Figs . I-72,73,83) ¡ thin-walled, apically thic-

kened (Figs. l--73,84) ¡ broadly ovoid; eight-spored (Figs.

L-72,73') . ASCOSPORES: hyaline; ellipsoidal; 20-25 x 7-11

um; smooth; one sePtate; constricted at the septum, with a

single oil globule in each cell; without appendages (fig.

1-8s).

ISOLATES

standing dead

EXAMINED: on

Salicornia e
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filter

ur ea.

paper plated pieces of

SLIDE: SMHF 230.

With exception of the wider spore and the thick-walled

acsus tip, our material generally agrees with the type (Kohl-

meyer L962) and subsequent description (Shearer and Crane

1978; Kohlmeyer and Kohlmeyer L979) of Nais inornata. Às

previously stated (T. Booth 1981), it is possible to confuse

N. inornata with Aniptodera chesapeakensis Shearer and l'Ii1ler

and Ligni cola leavis Hohnk. Unlike å . chesapeakensis

(Shearer and Miller L977), our collections have darkly

colored perithecia, asci without subapical constrictions and

ascospores with marked constriction at the septum.

Nais inornata is found on Spartina alterniflora (Gess-

ner et al. L972; Gessner and Goos L973a, 197 3b) ' Juncus spp.

(Davidson 1974; Shearer and Crane 1978) and Phragmitis aus-

tralis (Cav. ) Trin. ex Stendel (Schmidt L974') . Ours is the

first report on Salicornia euroPaea.
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24. Papulaspora halima Ànastasiou. Nova Hedwigia. 6

266. 1963.

PAPULOSPORES: golden to yellowish brown; globose to

subglobose (Figs. I-74,86)¡ 80-410 um in diameter; directly

arising from the hyphae or on lateral short branches; central

cells yellowish brown; subglobose. CONIDIA ÀND CONIDIO-

PHORES: absent. COLONIES: yellowish brown to brown.

ISOLATES EXAIIINED: on OAES plated seedling pieces of

Salicornia europaea. SLIDES: SMHF 113, 137.

Our isolates seem to fall within the parameters of

Kohlmeyer and Kohlmeyer (L979) for Papulaspora halima. The

papulaspores, bulbils as previously described (Hoston 191-7 ¡

Wersub and LeClair 1971), fall within the size limits of p.

halima but are lighter-colored than originally described

(Anastasiou 1963) .

Despite the doubtful taxonomic disposition of this
fungus (Wersub and LeClair L97L; Kohlmeyer and Kohlmeyer

1979), we consider our isolate to be adequately circumscribed

until perfect stages are encountered.

Although this form has not been reported from salt
marsh halophytes, it is known from seedlings of Rhizophora

mangle L. (Newell 1976) .

25. Phoma glomerata (Corda) Wollen. and Hochapf. Z.
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Parasitenk. 8:561. 1936.

PYCNTDTA: brown to dark brown; subglobose to obpyriform
(Fi9s. 1-75,88); I30-210 x 100-180 um. CONIDTA: hyaline,
becoming light green later; ellipsoidal (Figs. l-75,97)¡
6-10 x 2.5-3.8 um; smooth, one-celled, sliming from the

pycnidium. COLONIES: brown to dark brown; rapidly growing.

ISOLATES EXAMINED: on OAES plated segnnents of Atriplex
patula, Glaux maritima, Hordeum ubatum, Puccinellia nuttal-
1iana,

SMHF 1

Salicornia europaea and Suaeda depressa. SLIDES:

00 , 101 . CULTURES : IMI 28779 4 , CSI{HF 205 .

our isolates hrere considered to have strong affinity
with Phoma suaeda Jaap as the pycnidial and spore dimensions,

as well as other features, closely approximated previous

descriptions (Pirozynksi and Morgan-Jones 1969; Kohlmeyer

and Kohlmeyer 1979). Howeverr ân isolate (rMr zg77g4) of
the Delta lr{arsh material was designated as p . qlomerata

(Punithalingam personal communication), and we comply with
the identification.

species of Phoma are frequently reported from salt marsh

soils (Pugh 1960, L962) and halophytes, i.e.,
(van der Aa and van Kestern L979); Halimione

Che dium sp.

portulacoides
(Dickinson and Pugh 1965b); Salicornia sp. (Gessner and

Lamore L978; Kohlmeyer and Kohrmeyer Lg79) and spartina
alterniflora (Gessner and Goos 1973a , L973bi Gessner and
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Kohlmeyer 1976). This wide range of substrates along with

our observations of this fungus on Atriplex patula, Glaux

maritima, Hordeum jubatum, Puccinellia nuttalliana and

Suaeda depressa suggests that its substrate specificity is

low.

26. Pleospora herbarum (Pers. ex Fr.) Rabenh. syn.

vid. E.E. Mul1er. 277. 195I.

PSEUDOPERITHECIA: dark brown to black; depressed-

globose to subglobose; 230-300 um in diameter; solitary;

ostiolate. ASCI: bitunicate (Figs. L-76,89) ; cylindrical

to subclavate (Fig. L-76) ¡ 140-190 x 20-30 umi thick-walled;

no apical apparatus; eight-spored; rounded tips (Fig. 1-89).

ASCOSPORES: yellow-brown; ellipsoidal to subellipsoidal
(Figs. 1-76,89,90); 20-35 x L5-22 umi smooth; biserrate;

five to seven transverse and one to two longitudinal septa;

usually constricted at the middle septum, no appendages or

surrounding sheath. PSEUDOPARAPHYSIS: cylindrical.

ISOLATES EXAIUINED: on filter paper plated of dead

Salicornia europaea. SLIDES: SMHF 24I, 340, 341.

Despite various treatments of
(Wiltshire 1938; Muller 1951; Munk

Dennis 1968; Simmons 1969; von Arx

nomic deposition of our collections

Except for the l-ack of a gelatinous

our material would be circumscribed

the genus Pleos ra

L957; Wehmeyer 1961;

and Muller L9751, taxo-

is somewhat tentative.

sheath and appendages,

by P. gaudefro yr-
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Patouillard as described from salicornia ambigua Irtichx.

(Kohlmeyer and Kohlmeyer 1979). Lack of a sheath around

spores of our specimens also separates them from p. pelve-
tiae Sutherland. Generally the Delta lvlarsh collections can

be identified as P. herbarum. Ivlatsushima (I975), however,

clouds the issue by recognizing the presence of a gelatinous
sheath around spores of p. herbarum. Perhaps the presence

of Stemphylium botryosum Wa1lr. f the anamorph of P . herbarum,

in our collections supports our taxonomic decision for the
material -

This fungus may have been reported as various synonyms

of Pleospor â gaudefro yi on Salicornia spp. (Kohlmeyer and

Kohrmeyer 1979'). Perhaps ours is the first definite report
of P. herbarum on Salicornia europaea.

27.

Chesters. Trans. Br. Mycol. Soc. 472432. L964.

AScocARPs: dark brown to black; globose to subglobose;

240-310 um in diameter; ostiolate; immersed beneath the
epidermal tissue of the plant stem. Ascr: bitunicate,
^.'liñ.å-.1 ^^1 ln¿-^ 1 -- ^r ^^\cyirnqri_car (.b'j_gs. 1- í í,9i,921 ¡ 90-i70 x i3_32 umi no apical
apparatus observed; rounded tips; eight-spored. ASCOSpORES:

ellipsoidaL or boat-shaped (Figs. r-77,9r)¡ 20-33 x 1l-14
um; smooth; three to four transverse septa; one l0ngitudinal
septum; slightly constricted at the septum; rounded ends.

Pleospora spartinae (Webster and Lucas) Apinis and
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ISOLATES EXÀI-IINED: on filter paper plated pieces

standing dead Salicornia europaea. SLIDE: St"tHF 250.

of

Delta Marsh collections are very similar to p. spar-

tinae (Apinis and Chesters 1964) and p. vagans described by

Webster and Lucas (1961) but accepted as synonymous with the

former taxon (Kohlmeyer and Kohlmeyer 1979).

Pleospora spartinae is

Salicornia europaea.

28. Pleospora sp.

ASCOCARPS: dark brown to black; subglobose to globose;

285-320 x 270-350 um; ostiolate; immersed; peridium dark

brownt to 20 um thíck. AScr: bitunicate; clavate or sub-

clavate (Figs. I-78,93); 120-185 x 24-32 umi with a gelatin-
ous cap-like structure on the top of the ascus (r'ig. L-94) ¡

short stalks; eight-spored. ASCOSPORES: golden brown;

ellipsoidal (Figs. 1-78,95)¡ 30-40 x LS-20 um; biserrate
with obtuse ends; muriform; seven to nine transverse septa;

one to three longitudinal or obrique septa; surrounded by a

thick gelatinous sheath (up to 7 um) (fig. l-95); no appen-

dages. PSEUDOPARAPHYSfS: filamentous; simple.

and this is the first report

known from

of it on

Spartina townsendii

on filter paper plated pieces of
europaea. SLIDE: S¡,IIIF 245.

ISOLATES

standing dead

EXÄItf INED:

Salicornia

our collections are morphologically similar to preospora
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pelagica Johnson. However, Delta Marsh collections are rep-

resented by shorter and wider sheathed ascospores, and the

ascus tip is uniquely capped as previously described (f.W.

Johnson f956) . Pleospora pelvetiae, with a deli qu].escr-ng

spores sheath (Kohlmeyer 1973), differs with shorter asci

and thinner ascospores (sensu T.W. Johnson and Sparrow 1961).

An as yet unnamed Pleospora sp. (Kohlmeyer and Kohlmeyer

L979) described from Salicornia vir gina L. seems to most

closely comply with our material. This is the first report

of the taxon from Salicornia europaea.

29. Scytalidium lignicola Pesante. Annali. Sper. Agr.

N.S. LL¿264-265. L957.

ARTHROCONIDIA: hyaline, pale brown to dark brown; cylin-
drical or subcyJ-indrical (rigs. 1-79,96,97) ¡ S-LZ x 3-7 um

(when hyaline) or 7-L5 x 4-9 um (when dark); smooth; normally

aseptate or infrequently once septate.

ISOLATES EXAIvIINED: on OAES plated root pieces of puc-

cinellia nuttall-iana and Salicornia europaea. SLIDES: SIvtHF

LzL, 148.

Despite the somewhat close relationship of the Scytalid-
ium state of Hendersonula toruloidea Nattrass with our iso-
lates, the presence of hyaline conidia confirm them to be

g. lignicola

Although the taxon is previously recorded on seedlings
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of Rt¡izophora mangle (Newell 1976'), this is its first report
on a salt marsh halophyte.

30.

germaniae,

Stemph ylium bot sum Wallr. Flora Cryptogamica

EXAMINED: on OAXS plated pieces

Glaux maritima, Hordeum -iubatum

Salicornia europaea and Suaeda depressa.

Pars. Post. 300. 1833.

Telomorph: Pleospora herbarum.

coNrDrA: gorden brown to brown; broadly ellipsoidal or
oblong (Figs. 1-80,99); ZS- (27.5t4.3)-38 x t5- (20.512.2)_gO

umi minutely verrucose; three to four transverse septa, one

to two longitudinal or oblique septa; constricted at the
middle septum. coNrDropHoRES: pale brown to dark brown near

the tips; macronematous ¡ 40-90 x 5-g urn; with swollen apices
(Figs. 1-80r98); minutely verrucose or smooth; straight to
somewhat flexuous; single or branched (fig. l-gO). COLONIES:

grey or pale brown; effuse.

ISOLATES

plex patula,

nuttalliana

of live Atri-
Puccinellia

t

SLIDES: SMHF L24, I49, 153.

our ísolates are related to stemphylium botryosum, s.
qlobuliferum (Vestergr. ) Simmons and S . sarciniform (Cav. ¡

Wiltsh. Stemphylium qlobuliferum has smaller conidia than

in our material, and S. sarciniform conidia are smooth-

walled. with the exception of a larger-spored circum-
scription (Matsushima LgTsl, the Derta Marsh fungus agrees
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r^rith previous descriptions of q.

Ellis 1971b; Domsch et aI. 1980).

botryosum (Simmons I969;

This fungrus, known to be an anamorph of pleos ra

herbarum (wiltshire 1938; simmons 1969) as previously stated,
occurs in salt marsh soil (Abdet-Fattah et al. 1977). Halo-

phytic prants are reported as a substrate for the first
time.

31. Trichocladium achrasporum (l'Ieyers and Moore)

Dixon. Mycologia. 632244. L97L.

CONIDIA: pale brown to brown; clavate to subclavte
(Figs. 1-81,100); 20-38 x 9-17.5 um; smooth; solitary;
occasionally two conidia are produced from a common conidio-
genous cell (Figs. 1-81r100); constricted at the septa;

thick-walled; the terminal cell is usually darker than the

others (Fig. 1-81); straight; two to three transverse septa.

coNrDroPHoRES: inconspicuous or micronematous. coLoNrES:

pale brown, becoming dark brown in aged cultures.

ISOLATES EXAITIINED: on OAES plated root pieces of
Salicornia europaea. SLIDES: SMHF I25, 134, 138.

of the species of the genus Trichocladium as treated by

s- J- Hughes (1951), Kendrick and Bhatt (1966), Dixon (1969)

and Ellis (I971b), !. achrasporum and T. opacum (Corda)

Hughes are morphologically similar to our fungus. The larger
apicar cell and constricted nature of the conidia in our
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collections relate them most closely
described earlier (l'leyers and Moore

L97L; Kohlmeyer and Kohlmeyer 1979).

to T achragpgrum as

1960; Shearer and Crane

Known

ours is the first report on Salicornia europaea.

32. Trichoderma koninqii Oudem. Archs. neerl. Sci.
7229L. L902.

coNrDrA: light green or green in masses; erlipsoidal
to subcylindricar (Figs. 1- 82 ,Lo2) ¡ 3 .5-4 .4 x 1 . g-2 .5 um;

smooth; rounded ends; produced in dry heads on the tips of
the phialides. PHIAIIDES: hyaline; pin or spindle-shaped
(Figs. 1-82,101); 8-13 x 2.2-3.5 umi the terminal phialides
longer; smooth; mostly in pairs; occasionally branched.

coLoNrES: bright green to dark green, rapidly growing in
cultures.

TSOLATES EXAMTNED: on OAES plated pieces of live to

from Spartina al,terniflora seeds (Gessner L977),

dead Atriplex patula,

sa. SLIDES: SÌ'IHF 159,

Salicornia europaea and Suaeda depres-

163. CULTURE: CSMHF Z]-3.

Verrucose eonidia produced on paj-red terminal conidio_
phores serve to distinguish our isorates from Trichoderma

viride Pers. ex Gray and T. pseudokonin gaa Rifai respective-
1y. lrichoderma koninqii to which our material is related,
is reported from salt marsh soils (Baylís-Elliot 1930) and

Spartina tov¡nsendii (Sivanesan and Manners 1970). Ours is
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the first report on Atriplex patula,

Suaeda depressa.

Salicornia e uropaea and
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Fiq. 1-1. Acremonj-um furcatum, conidia and conidiophores
(20 um) .

Fig. l-2. Alternaria alternata, conidia and conidiophores
(20 um)

rig.1-3. è. chlamydospora, conidia and conidiophores (20
um) .

Fig. I-4. å. citri, various shapes of conidia (20 um).
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Figs. 1-5 to 6.

Figs. 1-7 Eo 9.

Figs. 1-10 to 13.

56

Acremonium furcatum 5
artsl_n9 on hypha (x 10
bundles with numerous
conidial heads (x 260)

. A phialide
40), 6. Hyphal
phialides and

Alternaria alternata
phores (x 1040), 8.
conidia (x 1040), 9
ium (x 1040).

7. Conidio-
Various shapes of
Verrucose conid-

,

3: chlamydospora, 10. Matured conidium
with several septation (x 1040), II.
Conidium with no beak (x 1040), L2.
Irregular conid.ial shape with a con-
spicuous beak (x 1040), young conidium(x 1040).
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Fig. l-14. A dennisii conidia (20 um scale).

Fig. 1-15. A . petrosilini conidia and conidiophores (20t

Fig. r-16.

um) .

4. phragmospora,
(20 um) .

conidia and conidiophores
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Figs. 1-17 to 184-8.

Figs. 1-19 to 2L.

Figs. l-22 to 24.

Figs. L-25 A-8.

60

å. citri, 17. Various shapes of
conidia (x 1040), I8A. Conidium
without beak (x 1040), tBB. Conid-
ium with a beak (x 1040).

4. dennisii, L9. Minutely verrucu-
lose conidia with one transverse
septum and long beak (x 1040) , 20.
Conidiophores (x 1040), 2L. Smooth
conidia without transverse septa
(x r040) .

å. petrosilini, 22. Clavate smooth
conidium swollen beak (x 650), 23.
Minutely verruculose conidium (x
650), 24. Young verrucose conidium
arising on the conidiophore apex
(x 650) .

å . phragrnospora, 25A. Phragirnospored
conidium with a conspicuous beak (x
1040), 25B . Conidía constricted at
the septa and without beak (x 1040).
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A. raphani, conidia and conidiosphores
1z 0 um).

A. tenuissima conidia and conidio-
phores (20 um) .

Fig. L-26.

Fig. L-27.

Fig. I-28.

Figs. L-29 to 31.

rig. L-32.

Arthrinum phaeospermum,
on clentl_cLes, notice the

conidia arising
colorless band

on the conidia (20 um).

Ascochyta chenopodii, 29. Ascocarp (20
uml ,-õl õõ¡r TZo um) , 31. seðtion
through the ascocarp showing conidia
and conidiophores (20 um).

- Âureobas idium',pullul an s,
sæã dffil'aäTõ-'u¡n)-.

conidia aggre-
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Eig. 1-33.

Figs. l-34 to 35.

Alternaria raphani,
phores (x 1040) .

conidia on conidio-

Alternaria tenuissima, 34. Various
ffiapes of-cóîffito4o), 35. young
conidia arising on the tip of conidio-
phore (x 1040).

Figs. l-36 to 37. Arthrinum phaeospermum, 36, Lenticle-
shaped conidia (x 1040), 37. A cluster
of conidia arising from the hyphae (x
r040).

Figs. 1-38 to 39. Ascoch ta chenopodii, 38. Section
e ascocarp (x 260) , 39. Tr^'o-

celled conidia (x 1040).
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Figs. 1-40 to 41. Aureobasidium pullulans,40. Conidia
aggregated on a hyphae (x 1040), 41.
Conidia arising on short protuburances
(x 1040) .

Figs. L-42 to 43.

Verrucose conidia (x 1040).

Figs. 1-44 to 45. ctadospgrium oxysporum, 44. Genicula-
ted coñidlophore wíth conspicuous scars
on the apical part (x 1040), 45.
Smooth conidia (x f040).

Figs. l-46 to 47.

Cladosporium herbarum, 42. Conidio-
phore producing coñjtlia (x 1040), 43.

De?dTyphiella arenaria, 46. Conidia
arisingr on coniõõþlõîes (x 260) , 47 .
Conidia (x 1040).
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Fig. 1-48. Çladosporium herbarum conidia and conidio-
phore (20 um)

Fig. I-49. c . oxysporum, conidia and conidiophore (20
um) .

rig. l-50. Dendrvphiella arenaria,
phore (20 um) .

conidia and conidio-

rig. 1-51. Drechslera halodes conidia and conidiophores
(20 um) .

Fig. L-52. Epi coccrrm purpurascens , conidia (20 um).

Fig. 1-53. Fusarium moniliforme , microconidia and phia-
lides (Z 0 um).

F'ig. l-54. F. tricinctum, conidia and phialidic cell (20
um)

Fig. 1-55. Gtiocladium roseum
or verticell ãElãia

rig. 1-56. Monodict pelagr-ca f conidia (20 um) .

Fis. I-57.

conidia and penicillate
lides (20 um) .

Mucor hiemalis,mumF*- spores and sporangiophores
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Figs. 1-58 to 60. Drechslera halodes

Fig. 1-61.

Figs. L-62 to 63.

Figs. t-64 to 65.

, 58. Conidiophore
(x 1040), 59. Pseudoseptate conidium
shows a conspicuous scar on the distal
end (x 1040), 60. Cylindrical multi-
pseudoseptate conidium (x 1040).

Epicoccum purpura scens, reticulated
verrucose conidia (x f040).

Fusarium moniliforme, 62. Conidio-
Fñorãìñtñ a$ñïFic cell producins
conidia (x 1040), 63. l,ticroconidia (x
1040).

tricinctumF.
Tx
(x

65.
64. Simple conidiophore
Three-septated conidia1040),

1040).
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Figs. 1-66 to 67. Gl-iocladium roseum, 66. Verticell-ated
phialides on con diophores (x 1040),
67. Penicellated phialides on conidio-
phores (x 1040) .

Figs. 1-68 to 69. Monodictys pelagica, 68. Conidium

Figs. I-70 to 7I. Mucor hiemalis, 70-
wIEh-a columelfum (x
(x 104 0) .

short conidiophore (x
Sessile conidium (x 1040).

Sporangiophore
1040), 7L. Spores

arisen
1040),

ona
69.



73



74

Figs. L-72 to 73. Nais inornata,
12

Fig. I-7 4.

Fig. 1-75.

Fig. I-76.

Fig. I-77.

Fig. 1-78.

Fig. I-79.

Fig. 1-80.

Fig. l-81.

Ascocarp with asci
containing eight

72.
Ascus

um) .ascospores (20

Pa las ra halima, bulbulous struc-
tures um

B. spartinae, three-septated ascospore
witñ- cyïînEical eight-ascospored ãsc,rs
(20 um) .

Phoma glonerata ,
conidia (20 um)

pyriform pycnidium and

Pleospora herbarum, asci with eight
the ruptured bituni-ascospores, notice

cate ascus (20 um)

Pleospora Sp., bitunicate ascus with
ãï gñE-a s cospore s, as cospore surrounded
by a gelatinous sheath (20 um).

ScytaI idium
conidia and

lignicola, arthrospored
hyphal segments (20 um).

Stemphylium
confd-Topñore

botryosum, conidia and
s (Z0 uml.

Trichocladium
uml .

achrasporum, conidia (20

Trichoderma koninqii, conidia andFis. I-82.
phialides ( 20 um).
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Figs. I-83 to 85.

Fig. l-86.

Figs. 1-87 to 88.

76

Nais inornata, 83. Asci (x 650), 94.
ffisþTcalfþart (x to40l, 85. Tr¡so-
celled ascospores constricted at the
septum and containing one large and
one small oil globules in each cel1(x 2600') .

Papulqspora halima, bulbulous struc-
ture (x 260) .

Phoma glomerata, 87. Etliptical one-
celled conidia (x 1040), BB. pyriform-
shaped pycnidium (x 2G0).
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Figs . 1- 89 to 9 0. Pleospora herbarl¡.m, g9 .
of the-bi tunicate ascus
Ascospore (x 1040).

Figs. I-91 to 92.

Distal part
(x 1040), 90.

3. spartina, 9I. Dista1 part of the
ascus with ascospores (x t04O), 92.
Cylindrical ascus containing eight
ascospores (x 650).

Pleospora sp., 93. Ascocarp and asci(x 260), 94. Bitunicate ascus shows
a pad-like structure on the apex (x
1040), 95. Ascospores surrounded bygelatinous sheath (x 1040).

Figs. I-93 to 95.
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Figs. 1-96 to 97.

Figs. t-98 ro 99.

Fig. 1-100.

Figs. 1-101 ro IO2.

*:)lit]?1:!l1:!tJm lignicola,
nyatane segrmented hyphArthoconidia (x 10401.

96. Dark and
ae (x 260') , 97.

Stemphvlium+phores with
Conidium (x

botryosum, 98. Conidio-
0) , 99.swellIngs (x 104

1040).

ffiffi*.:'::,*""
cell (x 1040) .

Tfichoder{ra koningii,
pnores and phialides
Conidia (x 2600).

101. Conidio-
(x 1040) , LO2.
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CHAPTER 2

COIUMT'NITY STRUCTURE OF F'T]NGI

oN SALT I'lÀ'RsH HATOPHYTES FRoi\î DELTA MARSH, IuÃNrroBA

82



INTRODUCTION

Inland salt marshes are characterized by salt-reguiring
or salt-tolerant grasses, succulent and non-succulent

annuals, hard-stemmed perennials and shrubs (S. Flowers 1934¡

Waise1 1972; Ungar L974). The soils of these habitats are

generally water-saturated early in the growing season and,

with drying, become increasingly saline. Vegetation of these

sites, therefore, is exposed to various salinity regimes.

For example, plants in the low marsh, where the salinity is
high (up to 90 mmhos/cm, T. Booth unpublished data), are

mostly obligate halophytes such as Salicornia europaea agg.

(Ungar L974). Plants in the high marsh, with lower salinity
(2.2 to 14 mmhos/cm, Ungar et aI. L979), include facultative
halophytes such as Hordeum jubatum L.

In fact, soil salinity is considered a major control-
ling factor in the distribution and growth of halophytes

(Chapman 1960; !{aisel 1972; Ungar 1974, L978¡ T.J. Flowers

L975; Maas and Nieman L978; Jefferies et al. 1979b).

Literature dealing with fungi on salt marsh halophytes
fe^ñ;-*i+i*^ 

-^^.i^-^ 
ì- arr!a-^.:--^'l-- 

-^--:^--^J 
L-- ñ---L t1^-t!!v¡¡. ¡rrqr4Lr¡r¡E Àçy¡v¡¡Ð ¿Þ sÀLErrÞrvg¿y rEvrEwcu Lry rug¡r lL> l.*,

1979 ) and Kohlmeyer and Kohlmeyer (1979). These authors
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establish the presence of fungi on halophyte detritus and

living plants. As previously stated (Lindsey L976) most of

the studies on fungi infesting halophytes deal with senes-

cent or dead plants. An interesting point established for

fungi infesting healthy tissues is that these organisms are

affected by plant salt leachates (Puqh and Lindsey 1975).

This study is intended to consider the cornposition of

the fungal assemblage on all phenological stages of six dif-

ferent halophytes, i.e., &,riplex_ patula L., Glaux maritima

L., Hordeum jubatum L., Puccinellia nuttalliana (Schutt. )

Hitch., Salicornia europaea agg. and Suaeda depressa (Pursh. )

Wats., beginning with seedlings and terminating with standing

dead plants. Fungal assemblage composition is described

using general community parameters (Krebs 1978; Muller-Dombois

1981). As the plants demonstrate different osmotic strate-
gies (Vüaisel I972), successional patterns of the fungi may

relate to these strategies. Also, distinct stages in the

succession, as discussed by Park (1968), Swift (1976) and

Frankland (1981) r ilay appear in the time variable assem-

blages.

METHODS AIi¡D MATERIALS

Study Area

Delta Marsh occupies an area of approximately 14r000 ha
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at the south end of Lake t'tanitoba (50oll'N, 98oI9'vt). This

area is characterized by an organo- to peaty-saline and

poorly drained soils (Walker f965). The marsh receives

water from adjacent uplands and from Lake Manitoba through

a series of interconnected channels. The vegetation of
Delta lvlarsh can be distinguished into severar communities

(Ílalker 1965). The colrection site is rocated on the eas-

tern side of the Portage Diversion, i.e., 1.5 km from Lake

Ivlanitoba. The site is featured by plant zonations; the

central zone is occupied by succulent vegetation such as

salicornia europaea and suaeda depressa, while the periphe-

ra1 zones are covered by grass and shn:b communities.

Collection Methods

Collections of Atriplex patula L., Salicornia europaea

agg. and Suaeda depressa (Pursh.) Wats. were made from

June 6 to september 6 of 1982 and June 6 to october 9 of
1983. Material of Glaux m{itima L., Hordeum jubatum L.

and Puccinellia nuttaliana (Schutt. ) Hitch. was gathered

only in L982 (June 6 to September 9). Samples v¡ere proces-

sed for cauroplane and rhizoplane fungi as previously des-

cribed (Muhsin and Booth 1985). A total of 19 collections
were made for s. europaea and 18 for each of A. patula and

_1 _ ,-.S. depressa over L982 and 1983. q. maritima, H. jubatum

and P. nuttalliana are represented by seven collections. A
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total of 21280 root and shoot pieces from the six plants

hrere plated during this study.

Data Treatments

GENERAL STRUCTURE: The total nuniber of different fungal

taxa from all six plants was determined. Also the totaL num-

ber of isolates over the plants was used to ascertain the per-

centage isolations from each plant (number of isolates per

plant divided by total number of isolates from all six
plants). Percentage recovery of isolates was calculated
(total isolates per prant divided by total number of plated

pieces per plant).

SIMILÀRITY: Percentage total similarity (IST) is
expressed by the number of species in common (a) between

each of the 15 pairings of the six plants divided by the

total number (N) of different taxa over the six plants

multiplied by 100. A mean til rs, and its standard devia-

tion (s) for all 15 IS, values is used to indicate the

degree of similarity of the assemblages on the plants.

Jaccard's index (IS*) (Jaccard 1928) is calculated as)
the number of fungal species in common between two plants
(a) divided by a + species unique to the first plant (b) +

^*^^.:^- .--.:-.-^ !^ ÀL^ r 
-r^- 

L t- r --Þys\,¿EÞ r-r¡¡ryuc LL, Lr¡E ÈicL:L)¡lLl I1IcU¡L tç/ ntultJ_plleq Dy IUU.

A I rs- and its s was determined utilizing arr combinations)
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of plants. Krebs' (1978) coefficient of variation (V) vras

produced for all cases:

ad-bc
\/=

(a+b) (c+d) (a+c¡ (b+c)

where d = number of taxa not encountered on the first or
second plants. A I V witfr its s was calculated.

DI\IERSTTY: This parameter was partry characterized by

dividing the number of species on each plant (s) by the
total number of different species on all six plants (N).

Simpsonrs index (Simpson L949) was calculated as:

Dv = 1 r (Pr)z + (Pù2 + (P ¡zl-

where Du is the díversity index and p is the proportion of
the number of finds per start (as calculated from Appendices

1-6). A i ou ana its s were calcurated for the fungí on

each plant. I'laximum diversity (MD) = 1 VS and percentage

realized diversity (RD) = (Dv/I'fD) x 100 leere determined.

TE¡4PORAL cRoups: Each colrecting date was designated by
a letter (T) and number combination. As there was a slight
difference in collectíng dates in rgg2 and 19g3, some

designates include two separate dates. principal component

analysis (PCA) described by Orloci (1979) and Gauch (f9g2)

v.¡as utiLized to establish temporal groups, i.e., temporal ï
to temporal IV:



T¡ =

T2=

13 =

Tra =

T5=
m¿6

T7=

Tg=
m¿9

mr10

Tt I =

LT2
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June 6 (I982, 1983)

June 18 (1982) , June t3 (f983)

June 23 (1983)

July 3 (1982, 1983)

July t5 (1983)

July 2I (1982), JuIy 23 (1983)

August 4 (t982), Augusr 6 (f983)

August 17 (1983)

August 23 (L982') , August 26 (f983)

September 6 (L982, I9B3)

September L7 (1983)

October 9 (1983)

These temporal groups rirere based upon the number of isorates
of various fungal species for each of the collecting dates
(the reader may wish to consult Appendices l-6). They were
subjectivery defined according to the placement of T desig-
nates on the two perpendicular axes, i.e., A1 and À2 (Ap-

pendices 9-L4) , of the pCA analysis.

sPATrAr GRoups: occurrence (o), defined as the percen-
tage presence of a fungal taxon over the correcting dates of
a temporal group, q¡as rnurtiplied by the square root of the
percentage frequency (f) (ttre sununed nurnber of isolates of
a taxon divided by the summed number of starts murtiplied by
1^^ 'ç^- ^rì !1ruu rrrr .¿¿r- Ene colleet,ing dates within the temporar group)

to obtain a modified distribution intensity index (Drr)
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(r. Booth 197r) for each species. These Drr varues vrere

spatially represented by placing occurrence on the horizoî-
tal axis and frequency on the vertical axis for each species

of the temporal groups on each pIant. Fungal presence as

represented by a DII diamond in Èhe first temporal group

was considered "early" while those in the last temporal

group srere considered "late". Presence in the middle

group(s) dictated a "middle" assignment.

DOIIÍINANCE: Isolates of each species $¡ere summed for the

temporals. Those species with less than five isolates v/ere

considered to be very rare (VR). Deleting the VR forms, a

mean til value and its standard deviation (s) $rere deter-
mined for all species in each temporal group. Taxa with
tÎr+ s1 h¡ere called dominant (D). A second I and its s

were calculated ignoring the D taxa. Fungi ,*.2 + s2 were

designated subdominant (sD). A third Í and its s were deter-
mined ignoring the sD taxa in turn. organisms tis + s3 were

colnmon (C). Rare forms (R) occurred between 13 + s3 and

13 s3. Fungi .is s3 were considered very rare (VR).

Based on these calculations and designations, each fungus was

assigned a domínance function over aIl plants (Appendices

15-20). Community dominance (Krebs f978) for each temporal

group of the plants was calculated by dividing the total
abundance of a1l the Laxa into the sum of the two most-

abundant taxa. This was then converted to percentage.
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LIFE sPEcrRA3 Based upon previous proposars (pugh l9g0;
Muller-Dombois 1981), morphologicar features, growth habits,
temporal and quantitative aspects of sporulation and time of
isolation, arbitrary life strategies were assigned to each

fungus. These assignments were: competitors, escapers,

survivors, ruderals, and stress-tolerant. Life spectra over
the temporal groups for the fungi on each plant were drawn

using the cumulative Drr for all the taxa of the strategy
groups.

RESULTS

General Assembl age Structure

A total of 30 taxa are included among the z,2Lr isolates
from 2,280 root and shoot pieces of the six plants, i.e.,
Atriplex patula, Glaux maritim, Hordeum iubatum Puccinellia
nuttalliana Salicornia europaea and Suaeda depressa (Appen-t

dices 1-6). The percentage isolation on e
of the total number of isolates is: (l) S.

ach of the plants

europaea at
28.72 , (2) s . depressa at 2 2.62, (3) å. patula at 2L.6*,
(4) E . nuttalliana at g.7Z , (5) lt. jubatum at 9.42, and (6)

G. maritima at 89. Recovery of isolates (total isolates per
plant divided by total number of pieces plated per plant) is
ll1 1o t^- õLj-L.¿ó ror Þ. europaea IUJ.ðË TOT P . nuttalliana , 98.6t for
H . jubatum, 92.42 for S . depressa, 88.38 for A. patula and
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83.88 for G. maritima. Mean recovery is 96.4t 10.28, indica-

is more than one standard dev-ting that for S. europaea it

iation above the mean and for G. maritima it is more than

one standard deviation below the mean. Of the total of 30

different species, nine represent slightly more than 75* of

alt of the isolates for the six plants. These include

Alternaria alternata (rr.) Keissler at 39.8t, Fusarium tri-

cinctum (Corda) Sacc. at 8.6E, Dendryphiella arenaria Nicot

at 6.2*, Stemphy liun botryosum Wallr. at 4.62, l"lucor hiemal-

is Vlehmer at 4.3t, Phoma glomerata (Corda) Wo1len. et

Hochapfel at 4.18, Alternaria chlamydospora Mouchacca at

3.38, Ascochyta chenopodii Roster at 2.9*, and Alternaria

dennisii M.B. Ellis aE 2.7*. Acremonium furcatum F. et V.

Moreau ex Gams, Cladosporium oxvsporium Berk. et Curt. '
Monodictvs pelagica (Johnson) E.B. Jones, Papulaspora halima

Anastasiou, Scytalidium ligrni cola Pesante and Trichoderma

koningii Oudem are all considered to be vary rare as they

are represented by less than 10 isolates. Those fungi re-

stricted to a single plant sPe cies include Acremonium furca-

tum, Alternaria qblamvdospora., A. phraqrmospora van Emden, A.

raphani Groves et Skolko, l"lonodictys pelagica, Papulaspora

halima and Trichocladi um achrasporum (ltleyers et Moore) Dixon

on Salicornia and Fusarium moniliforme Sheldon on

Atriplex patula.
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Similarity

comparison of the fungar assembrage between the various
planrs (Appendices 7-g) using total similarity (rsT) (rig.
2-1) indicates similarity greater than one standard devia-
tion from the mean (3016.9) for the combinations of sali-
corni-a europaea with suaeda depressa and Hordeum jubatum

with Puccinellia nuttalliana. The IS* values for the com-

binations of Atriplex patula with Glaux maritima g. juba-
tum with P . nuttalliana are more than one standard deviation
below the mean. The mean Jaccard,s index value (IS_) is

J
49.7tI7.4, and the three combinations between G . maritima t

H. ubatum and P . nuttalliana are more than one standard
deviation ¡t'ove the mean. The combination of A. patula and

3- nuttalliana is more than one standard deviation below the
mean. varues of the coefficient of association (v) are all
negative or more than one standard deviation below the mean

(0.25t0.35) for most of the combinations of s. europaea with
the other plants. Values for the three combinations between

q. maritima, H. iubatum and P . nuttalliana are more than a
standard deviation above the mean.

Diversity

Simpsonrs index ranges from .35 to "92 (l = .Zt"L6)

over the collecting dates for the fungi on Salicornia



Fig. 2-L.
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Similarity indices (i.e., total species in
co¡nmon, a; total similarity, ISr; Jaccard's
index, ISi; and the coefficient of association,
v) of the'fungal assemblage on the six plants.
The reader may wish to see Àppendices 7 and 8.
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S. europoeo

s.depresso A. potuto G.moritimo pnuttoiliono H.jubotum

S.depresso

A.potuto

G.moritimo

P nutlolliono

LEGEND
H.fubotum

13 13

15 -0'a

l0 33

36 -w7

l0

36

33

-0t5

1l 37

39 -0r2

10

37

33

o0

10 33

50 -û36

11 37

58 019

t1 37

55 0.11

10 33

53 V1
7 23

37 o'19

6 20

29 -oo1

6 20

32 0.11

11 37

69 057

11 37

79 080

12 10

86 087

o ISr

IS¡ V
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europaea (Table 2-1). In these collections, diversity is low

(.x s) during the period T5 through T7, and ít is high

(tÎ + s) during T¡, T3 and T4. Other ranges in D are: .46-.9

(Í = .691.13) on Suaeda depressa (Tabte 2-21¡.4-,86 (i =

.66t.12¡ on Atriplex patula (Table 2-3) ¡ .59-.79 (X = .731.08)

on G1aux maritima (Table 2-41 ¡ .5'7-.78 (X = .69t.07) on Puc-

cinella nuttalliana (Table 2-6) ¡ and .25-.78 (Í = .651.18) on

Hordeum jubatum (Table 2-51. Times of diversit y highs and

T3 high, T6,

, TB and 19

maritima;

no high, Tl0 on H. jubatum; and T1 high, T9 low on P. nut-

talliana. Maximum diversity (MD) does not generally change

over the collections and realized diversity (RD) changes in

consort with changes in DV (Tables 2-I to 6).

Tetnporal Groups

lows for the fungi on these plants are: Tz and

Tro through T12 low on S. depressa¡ Tz high, T4

low on A. patula; no high, T9 and T1 9 low on G.

Principal component anal

fungi for each plant over the

general separation of the fun

Fungi on Salicornia europaea

temporal groups, i.e., I(TI-T

IV(Tro-Trz) (Fig. 2-2, Append

the fungi of Suaeda depressa

ysis (Appendices 9-1-4) of the

collecting dates indicates a

gal assemblages over time.

demonstrate generally four

6) ; II(T6-Tz) ¡ III(T7-T1e) ;

ix 13). The temporal groups for
âre: TIT'-T.-'I,^ì t 'TTíln--T^\.

- r-l -Jt-LLt. ô -öt,

IIr(T7,Tg-Trr) (Fig. 2-3, Appendix 14). Atriplex patula has
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TABLE 2-L

Total number of species, Simpson's index, max
and realized diversity on Salicornia e

over the 1982 and 1983 collecting dates

imum diversity,
uropaea

og
xqd +r

O'.{NU.r{ H
F{ 0)rú>
O'.'lÉÉ

â
3
>r
+J

E'.t9aEt{..{ OX>
tü -.{
ãE

-,
Ê
ooX
OrO
É,ø
'"1 ç,
u) -Å

rd
x
(d
+J

l+{
o
tr
o
-o
É,
az

ttl
É

+J
o
o
F{O
F{ +J
orúUõ

P.
5
o
t{
ttt

Fl
rd
t{
o
O¡
É
o
H

f{
rd
o

]-982

198 3

Tl
t2

14

T5

T7

Te

Tro
T¡

T2

T3

Ta

T5

T5

T7

Ts

T9

rl0
r11

Trz

6/6
L8/6
3/7

2L/7
4/8

23/e
6/e
6/6

L3/6
23/6
3/7

rs/7
23/7
6/8

t7 /8
26/8
6/e

t7 /e
e/L0

0. 87

0.92
0.87
0.74
0.84
0.74
0.81
0.78
0.83
0.76
0.80
o .47
0.35
0.45
0.59
0.62
0.54
0.66
0.67

0.89
0.9 3

0.90
0. 80

0.88
0. 89

0. 88

0.83
0. 89

0.80
0.83
0. 80

0. 80

0.80
0. 83

0.86
0.83
0. 75

0.83

97 .82
98.98
96.72
98.88
95 .58

83. IE
92.02
93.9r
93.3r
95.08
96.42
58.78
43.88
56.38
7L.72
72.L2
65.1*
88.0r
80.78

9

L4

10

5

I
9

I
6

9

6

6

5

5

5

6

7

6

4

6

Í=
n-7n+
0.16

no Í=
83t

16.9
¡lr:naav¡¡s¿¡Yv



97

TABLE 2-2

Total number of species, simpsonrs index, maximum diversity,
and realized diversity on Suaeda depressa
over rhe J-9B2 and 1983 coïffinft'ãEs
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TABLE 2-3

Total number of species, Simpsonf s index¡ rtâ,
and realized diversity on Atriplex
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TABLE 2-4

Total number of species, Simpson's index, maximum diversity,
and realized diversity on Glaux rnaritima

over the L982 collecting dates
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TABLE 2-5

Totar number of species, simpson's index, maximum diversity,
and realized diversity on Hordeum ubatum

over the L982 collectin g dates
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TABLE 2-6

Total number of species, Simpson's index, maximum diversity,
and realized diversity on Puccinellia nuttalliana

over the l-.982 coll-ecting dates
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four temporal groups: r (Tr-T+, T9) ; rr (T5-T7,T9-T19) ; rrr (T7-

Te); IV(Tro-Trz) (rig.2-4, Appendix 9). The general tem-

poral separations for the fungal assemblage of Glaux mari-

tima are: I (Tr-T,*) ; II (Ts) ; rII (T6-T7) (Fig. 2-5, Appendix

10). Both Hordeum jubatum and Puccinellia nuttalliana have

fungal temporal groups in three periods. These are: I(Tr-
T,* ) ; II (Ts-To ) ; III (T7 ) (Fig. 2-6 , Appendix t1) for S. juba-

tum, and T (Tr -Tzl ¡ II (T¡-T4 ) ; III (Ts-Tz) (Fig . 2-7 , Append.ix

l-2) for P. nuttalliana.

Spatial Groups

On Salicornia europaea, those species appearing only

during the early per

include: Alternaria

iod (i.e., the first temporal

citri M.B. Ellis et Pierce, 4

group)

. phragmo-

spora, Aureobasidium pu11u1ans (De Bary) Arnand, Cladospori-

um herbarum (Pers. ) Link ex S.F. Gray, Monodi_ctys pelagr-ca

Mucor hiemalis Scytalidium liqnicola and Trichocladium

achrasporum (Fig. 2-B). Fungal species of the early to
middle temporal groups are: Epicoccum purpurasens Ehrenb.

ex Schlecht, Stemphylium botryosum and Trichoderma koningii.
Acremonium furcatum and sterile white mycelia are in all
four temporal groups but are most-prevalent in the early
groups. Phoma gl-omerata is about equally frequent across

temporar groups. species restricted to the two mj-ddle tem-

poral groups are: Alternaria petrosilini (Neergaard ex
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Figs. 2-2 to 7. Principa
number o
taxa ove
dates on

omponent analysj-s of the total
solations from various fungal
982 (A) and 1983 (o) collecting

Salicornia europaea (Fis.2-2)
Suaeda depressa (Fig. 2-3)
Atriplex patula (rig. 2-4)

and over l-g}2 (^) collecting dates on

Glaux maritima (Fig. 2-5)
Hordeum 'iubatum (ris.2-6)
Puccinellia nuttalliana (Fie. 2-7) .

Time designates and actual dates are given
in Appendices 1-6 for each plant.

1c
fi
rl
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Fig. 2-8.
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Spatial groups over time of various fungal taxa
on Sali'cornia europaea. Vertical bar a = 5Z
frequency, and horizontal bar b = 504 occurrence
as calculated from Àppendix 19.
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simmons) ¡1.9. El1is and sterire dark myceria. Ascochyta

chennopodii I Den ie1la arenarl-a, Gliocladium roseum

Bain. and Papulas pora hali-ma occur in the first and 1ast

temporal groups. species across the temporal groups but
most-prevalent late in the corlections are: Alternaria
alternata ,.A. chlamydospora and Fusarium tricinctum. Alter-
naria raphani is in the middle to late temporal groups.

On Suaeda depressa, Cladosporium herbarum and Stem-

phylium botr sum are restric ted to the early temporal

citri and Mucor hiemalis aregroup (fig. 2-9) . Alternaria
found in the early to middle temporal groups. Arternaria
dennisii and Den4ryphielta arenaria occur in all three tem-

poral groups but are most-common early in the collecting
season. AlLernaria tenuissima (Kunze ex Pers.) Vüiltshire,
Arthrinum phaeos permum (Corda) M.B. Eltis, Ascochyta cheno-
podii and Phoma qlomerata are equally frequent across all
three temporal groups. Those species restricted to the
early and late periods are: Epicoccum purpurascens sterile
dark mycelia and Trichoderma kon angr-r_. Occurring across al_I

the groups, Alternaria al-ternata Fusarium tricinctum andt

sterile
groups.

whj-te myceli

Drechslera

a are most-frequent in the late temporal

halodes (Drechsler) Subram. et Jain is
restricted to the late temporal group.

from Atriplex patula, Trichoderma lf^ñ 1 ñd1 a¡¡v¿¿¡¡¡Y ¡¡
Of the funqi

j-s found only j-n the early collections (Fig. 2-10). Alter-
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Fig. 2-9. Spatial groups over time of various fungal taxa
on Suaeda depressa. Vertical bar a = 5å frequen-
cy, , and horizontal bar b = 50S occurrence as
calculated from Appendix 20.
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Fig. 2-L0. Spatial groups over time of various
on Atriplex patula. Vertical bar a

hori-zontalbarb=5OSquency, and
as calculated from Appendix 15.

fungal taxa
= 58 fre-

occurrence
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naria tenuissima and Stemphylium botryosum are of the early
to middle temporal groups. Across all four groups, Asco-

in the earliest dates;

herbarum, Fusarium tri-

chyta chenopodii is most-frequent

Alternaria alternata , Cladosporium

cinctum and lvlucor hiemalis are equally frequent across aII
the groups, while sterj-le dark mycelia are

middle groups, and Dendrvphiella arenaria

restricted to the

is found only in
Alternaria rap-the beginning and ending temporal groups.

hani , Fusarium moniliforme and Phoma qlomerata are most-
frequent late in the collectíons,
groups.

though they occur in all

Aureobasidium puIlulans Cladosporium oxysporum, Glio-
cladium roseum and phoma glomerata are restricted to the
early temporal group of the fungi on Glaux maritima (ris.
2-11) . Dendrvphj_ella arenaria is found in the early and

middle groups. Alternaria alternata and Stemph ylium botryo-
sum are almost equally frequent over all three temporal
groups. Arthrinum phaeos permum f Cladosporium herbarum and

Mucor hiemalis are found in the early and late groups.

all three temporal groups but is
most-frequent in the late one. sterile while mycelia are
found in the middte and late collections, and Drechsrera

halodes is restricted to the late group.

Fusarium tricinctum is in

In the

Alternaria
three temporal groups of puccinellia nuttalliana

dennisii and Gliocladium roseum are restricted to
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Fig. 2-LL. Spatial groups over time of various fungal taxaof Glaux maritima. vertical bar a = 5g frequen-cy,-ããFhor.æl bar b = 50å occurrence ascalculated from Appendix 16.
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the early collections (Fig . 2-12') . Arthrinum phaeospermum

and cradosporium herbarum are found in the early and middle

temporal groups. Across all the groups, Dendryphiella

arenaria is most-prevalent early in the collections. Mucor

hiemaris is restricted to the middle temporal group, whire
Alternaria alternata and Fusarium tricinctum occur in all
groups but are most-frequent in the late one. stemphylium
botrvosum appears in the middle to rate temporal groups.

Alternaria pêtrosilini, Drechslera halodes, phoma lomerata

Scytalidium Iignicola and sterile while myceliä are restric-
ted to the late group.

on Hordeum jubatun, the fungar assembrage also appears

in three temporal groups (fig. 2-13). Cladosporium herbarum

Gliocladium roseum and Mucor hiemaris are restricted to the
early group. Arthrinum phaeospermum , Phoma glomerata and

Ste lium botryosum are found in the early and middle

temporal groups. occurring in arl three groups, Dendry-

phiella arenaria is most-frequent in the early group, whire
Arternaria alternata is about equally frequent in arl the
groups, and Fusarium tricinctum is most-frequent j-n the late
group. sterile while mycelia is observed in the middle to
late temporal groups, and Alternaria petrosilini and Drechs-

f

Iêra hãIôdes are restricted to the late group.



Fig. 2-I2. Spatial groups
on Puccinellia

II6

over time of
nuttalliana.

various fungal taxa
Vertical bara=

50t occur-5r f reguency, and horizontal bar b =rence as calculated from Appendix L7.
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Fig. 2-I3. Spatial groups over time of various
on Hordeum jubatum. Vertical bar aquency, and horizontal bar b = 509as calculated from Appendix Ig.

fungal taxa
= 5E fre-

occurrence
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Dominance

The fungal assemblage on Salicornia europaea showsr âs

previously determined by principal component analysis, four
temporal groups (Table 2-7). The community dominance (as

calculated from Appendix 19) changes over these groups, i.e.,
temporal r at 33t; temporal rr at 45*¡ temporar rrr at 6gg

and temporal rv at 358. Alternaria alternata is dominant j_n

periods T, ffI and IV (Appendix 19). In the first time

period, it is codominant with Alternaria phragrnospora and

Ste Iium botryosum. Alternaria petroqilini is dominant

in the second

are different

time period. Subdominant and colnmon organisms

in each of the four temporal groups.

Community dominance

Suaeda depressa is: 372

(as calculated from Appendix 20) on

in temporal I¡ 642 in temporal II
and 689 in temporal III. Alternaria alternata is codominant

with A . dennisii in the first time period (Appendix Z0) and

dominant in the second and third time periods (Table 2-7).
Subdominants include Den ie11a arenarl-a, Drechslera

halodes, Mucor hiemalis and Stemphylium botryosum, and

common organj-sms are Alternaria citri , A. tenuissima and

Phoma glomerata. Both subdominant and common taxa are

different for each of the temporal groups.

Alternaria alternata is the dominant organism on Atti-
community dominance is: tempor-plex patula (Table 2-7), and
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TABLE 2-7

Dominance functions, i.e.,
classification of organisms,

for the six
community dominance and
over the temporal groups
plants
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al I at 57t; temporal II at 74*¡ temporal IIf at 69t and

temporal fV at 68t over all four time periods (Appendix 15).
Subdominants, including Fusarium moniliforme , F. tricinctum
and Phoma lomerata, are individually restricled to three of
the temporal groups. common taxa, i.e., Alternaria raphani
Fusarium tricinctum and Mucor hiemalis are again singularly
restricted to three of the time periods.

On Glaux maritima, community dominance is temporal I at
43t; temporar rr at 658 and temporal rrr at 732 (Appendix

16). On Hordeum ubatum, community dominance is temporal I
at 66t; temporar rr at 6lt and temporal rrr at 772 (Tabre

2-7, Appendix 17). Alternaria alternata j_s the only domi-

nant organism when a dominant is present. subdominants on

this plant are: Alternaria alternata, Dendryphiella arenarl_a

and Fusarium tricinctum. The subdominant combination of A.

alternata and F . tricinctum is similar for the second and

third temporal groups on H. iubatum.

Fungi on Puccinellia nuttalliana have a community

dominance of 61S in the first temporal group ì 64å in the
second group and 742 in the third group (Table 2-7, Appendix

18). Alternaria alternata is dominant in the first and last
time period, and Dend iella arenaria is dominant in the
rniddle period. Common taxa, including A. alternata Den-

dr iella arenaria and F.

each of the time periods.
trieineLum - årê 11 i f foranl. fnr
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Life Spectra

Employing the methods previously mentioned in this
study, it is possible to designate, albeit somewhat arbitrar-
iIy, the various fungi as to their appropriate l_ife strate-
gies. Competitors include: Alternaria citri, A. dennisii
è. phragmospora , Arthrinum phaeos pe rmum, Fusarium monili-
forme, Gliocladium roseum,

malis, Papulaspora halima

Monodictys pela gr_ca , Mucor hie-
and Scytalidium liqnicola The

next largest group are the escapers, which include: Arter-
Dendryphiellanarl_a petrosilini A raphani, A. tenuissima

arenarl_a Drechslera halodes, StemphYIiun botryosum and

Trichocladium achrasporum. Survj_vors are constituted by:
Ascochyta chenopodii Aureobasidium pullulans, Epicoccum

purpurascens, Phoma qlomerat a sterile dark myceÌia and

sterile white mycelia. Rude¡ral fungi are: Àcremonium fur_
catum, Cladosporium herbarum, C. oxys rum and Trichoderma
koninqii. Finally, the stress-tolerant forms are considered
to be: AlLernaria alternata è . if¡lamydospora and Fusarium

tricinctum.

The sums of the distribution intensity index (Drr)
(derived from Appendices 15-20) within each of these strate-
gies are represented as a series of life spectra (Figs.
2-r4 to 19) for the fungi associated with each prant.

Generalry, the rife spectra are increasingly attenuated
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Figs . 2-I4 to 19. Life spectra over time of the fungal as-
semblage on

Atriplex patula (Fíg " 2-I4I
Glaux maritima
Hordeum ubatum

(Fis.2-1s)
(Fig. 2-L6')

Puccinellia nuttalliana (ris. 2-L7)
Salicornia europaea (Fis. 2-18 )

Suaêda deprês SA (Fie. 2-re) .

For each plant, the bars represent the sum
of the DII of all fungal species in the
respective life strategies as calculated
from Appendices 15-20.

ffi Ruderals

I survivors

$ nscapers

El co*p"titors
f stress-tolerant
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over the temporal groups for each of the plants. Stress-

tol-erant fungi are the most-numerous forms in all the

spectra of Atriplex patula, Glaux maritima, Hordeum ubatum

and Puccinellia nuttalliana (Figs. 2-L4 to L7, respective-

ly). The first spectra of Salicornia europaea (Fis. 2-I8)

and Suaeda depressa (fig. 2-1-9) are most-notably characteri-
zed by escapers and conpetitors, respectively. Escapers are

most-frequent in the niddle spectrum of p . nuttalliana (ris.
2-17). When considering the first and the second most-

prevalent forms in the spectra, it is seen Lhat spectra rrr
and IV of S. europaea (f i g. 2-l-8) are similar. This is also

true for

and III

through

spectra I

and II and

patula (rig.

(nig. 2-l-.5') ,

2-L4) ¡ I

and I

Fungi are

noticably lower

Suaeda depressa

through III of å.
III of G. maritima

ubatum (fi s. 2-16).

DTSCUSSION

more-frequently isolated

any of the other plants.

from Salicornia

III of H.

europaea than Generally, Glaux

maritima, Hordeum jubatum and Puccinellia nuttalliana have

numbers of isolates than S . europaea ,

and Àtriplex patula. This is, in part, a

result of fewer collections (the Lg82 dates only) for G.

maritima, H" jubatum and P" nuttalliana" However, when the
ã^--^-!--^ : 

-^a ^ri -- I 
-peïcen-Lage i-soiaËi-c'n l-s correeted, i.e., t isoi_ation times

1.0 7/I9, for G . maritima (corrected to I38), H. ubatum
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(corrected to 15.3t) and P . nuttalliana (corrected to 15.8S) ,

the values are still lower than those of S. eur a, S. de-

pressa and å. patula. The markedly varied number of isola-

tions may also be somewhat related to the morphological and

physiological nature of the plants. It is reported that sur-

face chemistry (Cutter I976; Godfrey L976; Esquerre-Tagaye et

al. L979) , surface physical nature (H.8. Johnson 1975), age

of the plant (Ruinen 1961) and surface exudates and guttation

(Goatly and Lewis 1966) play a role in fungal presence and ab-

sence on plants in general. Perhaps the surface of G. mariti-

rTrêr E. ubatum and P. nuttalliana are fundamentally different

from those of S . europaea, c depressa and å' patula.

More possibly the difference in the isolation of fungi
from

tula

Salicornia europaea, Suaeda depressa and Atriplex pa-

as compared with Glaux maritima Hordeum jubatum and

to salt levels in thePuccinellia nuttalliana may be rel-ated

plants and their concomitant osmotic

levels in the tissues and organs of S

strategy. The salt
. europaea, S. depressa

and A. patula are greater than in G. mar.lËþe, H. ubatum

and P . nuttalliana (Williams and Ungar 1972; Ungar L974¡

Austenfeld L974; T.J. Flowers L975; Albert 1975; Rozema et
al. 1978; Ungar et al. L979; Riehl and Ungar 1982; Cooper

1982). Salicorn5-a europaea, Suaeda depressa and Atriplex
patula are euhalophytes (Waisel 1972; Maas and Nieman 1978),

The osmotic strategy of the salt-requiring S. europaea and S.

depressa is to maintain osmotic balance with the external
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environment by accumulating salts (T.¡. Flowers 1975; Jef-

feries 1981). å. patula is salt-resistant and its osmotic

strategy is to exclude salts by their accumulation in vari-

ous plant t.issues and structures (Waisel I972), excretion

and elimination of salts (l'laas and Nieman L978), and/or to

produce osmotically active compounds (Storey and Wyn Jones

L979i Bennert and Schmidt 1984) such as amino acids, glycine-

betaine, organic acids, oxalate and soluble carbohydrates.

Glaux maritima is a salt-evading euhalophyte (Waisel 1972).

The osmotic strategy of G. maritima is to take up salts and

to subsequently exert excessive leve1s of sodium and chlo-

ride. Potassium is maintained at a high and constant inter-

na1 level, permitting the plant to evade the detrimental

effects of sodium and chloride (Rozema and Riphagen L977') .

Such plants, which purposefully eliminate salts, may be

called "crinohalophytes" (Adri,ani 1956). H. ubatum and B.

nuttalliana are salt-avoiding pseudohalophytes (Waisel I972)

or facultative halophytes (Ungar I974). This avoidance is

accomplished by production of osmotically active amino acj-ds.

Proline, such an amino acid, is produced in quantities of

68.4 to 88.5 umol,/gfw in H. vul are L.; 25.2 umol,/gfw in G.

maritima;7 .0 umol,/gfw in Suaeda macrojgjpg Mug. and 3.3

pmoI,/gfw in S. maritima (t.) Dum., 3.2 pmol/gfw in Atriplex

hastata L. and 2.5 umol/gfw in A. spongiosa F. Mue1l. and

0.2 to 2.8 pmoI,/gfw for Salicornia europaea_ (stewart and Lee

L974; Storey and Wyn Jones 1979; Îully et aI. 1979; Briens
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and Larher 1982).

Considering the various pairings of plants, using the

similarity indices IS* and ttj and the coefficient of as-

sociation, it may be observed that there is a crear relation-
ship of the fungal assemblages of Salicornia europaea and

Suaeda depressa. The relationship of the fungi from Glaux

maritima, Hordeum -iubaturn and Puccine l1ia nuttalliana is
Atriplex patula to beeven stronger.

separated from

and not clearly

when comparing

nine species accounting

six plants, in addition

I maritirna

appears

iubatum

conform with the salt levels

d P.anE.

markedly

nuttalliana
associated with S europaea and g depressa

the fungal assemblages. These patterns of
and osmotic strate-similarity

gies of the plants.

The negative coefficient of association, i.e., V, of
Sal-icornia europaea with most of the plants perhaps results
from a greater number of total taxa than on the other

plants. Also the high number, i.e., seven, of endemic

fungal species on S . europaea would ne gatively affect the

calculated coefficient. Krebs (1978) states that V is more-

effective when the number of taxa and the quadrate size are

approximately equal.

Four taxa

Dendryphiella

(cf., Alternaria alternata, â. dennisii,
arenaria and Stemphylium botryosum) of the

for 752 of all

to Alternaria
isolates from the

petrosilini and A.
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phragmospora, represent the dominant species (lable Z- 7,
Figs. 2-8 to 13) . Alternaria alternata dominant in most of
the temporar groups across the prants, Dendryphierla salina
(suth. ) Pugh et Nicot, a species somewhat simirar to D.

arenaria, and Phoma sp. are known to produce a wide variety
of exoenzymes at comparatively high levels (Gessner 19g0).
Perhaps this wide range of exoenzymes is the basis of the
dominance of A. arternata and some of the other fungi in
this study. Fungal diversity and dominance are interrelated
when considering the six plants.

There are two general diversity patterns over the six
plants. The first pattern, typicar of the fungi on sali-
cornia europaea, Suaeda depressa and Atriplex patula, is an
early diversi

depressa and

ty high and a middle season low. Fungi on S.

å. patula are arso markedly diminished in their
diversity at or near the end of the season. rn fact, the
diversity lows ir å. patula are earrier than in s. depres
The fungi on Glaux maritima, Hordeum ubatum and Puccinellia
nuttalliana generally demonstrate no pronounced diversity
high and diversity is low at the end of the season. Gener_
ally, dominance is conversely related to diversity in that
when diversity is high, dominance is low and when diversity
is low, dominance is high. This was generarly observed by
other workers for various fungal seres (Garrett I95l , !956,
1963; Swift L976; Frankland l9g1). Finally, fungal diver_
sity and dominance responses seem to forlow the general

sa.



salts and osmoregulation patterns of the plants.

on each of the prants, the fungar assemblages change

over the temporal groups. This is, in part, demonstrated

by the species-based principal component analysis (Figs.

2-2 to 7') and the subsequent recognition of the temporal
groups. Also the community dominance and taxa of the domi-

nance classes shift over the temporal groups (Table z-7).
Furthermore, the species composition is altered over the
temporal groups of each prantr ês seen in the presentation
of spatial groups (Figs. Z-g to 13) .

changing diversity, dominance and species composition

over time on each of the prants suggests successional chan-

ges in the mycota. l\¡¡o basic types of fungar succession

have been described (park 196B; swift 1976; Frankrand 19gl).
These types are basically: (1) substrate succession and (2)

seral succession. seral succession may be "primary" or

"secondary", depending on whether or not the substrate has

been disturbed.

Apprication of the concept of ecological succession to
this study resurts in denoting the fungar assemblages as

seres. The fungi of the various temporal groups are herewith
termed "seral communities" where applicable.
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of Salicornia europaea is rlirzi qil'rla in#n tlrraa9¡¡À UL

1, temporal II and

The sere

communities, i.e., the fungi of temporal
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temporals rrr and rv combined. These serar communities are

based on differences in their dominant and subdominant taxa
(Table 2-7') and life spectra (Figs. Z-I4 to 19). Fungi of
the first three temporal groups and the fourth temporal

group delineate the two seral communities on Atriplex patula.

Puccinellia nuttal-Seral communities of Suaeda depressa and

liana are recognizable in each of their temporal groups.

The fungi of the first temporal group and the second com-

bined with the third temporal groups delineate the seral
communities of G1aux maritima and Hordeum ubatum.

There seems to be a relationship between the seral
communities and the osmotic strategies of the plants. For

example, the Salicornia europaea sere succeeds to the next
stage when sal-ts are reported to build up in the prant,
i.e., July (Riehl and ungar l9B2), and it changes again when

the salts decrease in the tissues. For comparison, the sere

on Suaeda depressa is different in each of the temporal
groups. rt is interesting to note that the salts continue
to increase in the plant tissues until the plant stops
growing and dies (willÍams and ungar Lg72; T.J. Flowers and

Hall 1978).

one feature of seral succession, as seen in this study
and previously mentioned (park 196B; Frankland tggr), is its
correlatioh with biotic er¡ents ,.,¡ithin +-he substrate. Eariy
seral groups on the Delta Marsh halophytes resurt from pri-
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mary seral succession, but concomitant with salt uptake in
some of the plants it is possible that the communities re-
sult from secondary seral succession. As the plant dies,

the functional form of sere change probably invol-ves sub-

strate succession which is correlated with the availability

of nutrient (Swift 1976).

Despite inherent weaknesses in this study, such as:

(1) a need for eguivalent and increased sampling dates over

the field season, (2) the indirect measurement of fungal

quantity by frequency of isolation, (3) expression of domi-

nance based on means and standard deviations of frequency

rather than density or biomass, and (4) subjective assign-

ments of life strategies to derive life spectra, it is
possible to conclude that the fungal seres are different on

each of the plants. Secondly, there may be a direct or

indirect relationship between the nature of the seres and

the osmotic strategies of the plants. Finallyr on each

plant there are recognizable seral commr:nities based on the

dominance functions and the ecological roles (as seen in the

Iife spectra) of the fungi (Pugh 1980; t'lueller-Dombois 1981).
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TNTRODUCTTON

The previous chapter (i.e., chapter 2') indicated that
the mycota (sere) on Salicornia europaea agg. can be charac-

terized by revels of diversity, various temporar and spatial
groups, specific dominant and subdominant organisms and

different ecological strategies based on the life spectra.
ultimately these characteristics are used to derive three
seral communities across four temporal groups of the sere.

Frankland (1981) has suggested that 1ittle is known

about the patterns of spatial rerationships and changes

within fungal communities over time. she asks: are suc-
cessj-onal patterns due to the stability of the mycota anð,/

or to changes in the substrate? Although the immediate

cause of succession is most probably due to the complex in-
teractions of organisms (fungi in this study), êny definite
change in the composition of the community is concomitant

with a change in the environment (substrate) (Oosting 1956).

certainly any "kick" (Frankland 1981) of the succession of
fungi on Salicornia europaea by variously treating the plant
shourd change the physiologicar and biochemical status of
the plant along wiih the pattern of the fungal community.

13s
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Generally , Salicornia europaea treated with sodium

nitrate (Jefferies I977; Jefferies and Perkins I977) ,

sea salts (Austenfeld r976; Tiku r976; Jefferies and perkins

I977; Jefferies et al. 1979) and irrigated (Cooper ].gg2) is
altered in growth habit, biomass, salt levels, osmoregula-

tory compounds, water levels and chlorophyll content. As-

suming some relationship between fungi on the substrate and

the substrate physiology and biochemistry, these treatments
may serve to "kick" the normal succession as previously out-
lined. The purpose of this study is to compare the sere

from untreated with those seres from sodium nitrate and sea

sart treated and irrigated plants. Any differences in the

successional patterns of the seres may establish the role of
substrate and mycoflora stabitity in succession.

I{ETHODS AND IUATERIAIS

Field Treatments and Funqa1 Isolations

Plants were collected from 50 x 50 cm peïmanent plots
over L2 collecting dates (June 6 to october g, 19g3) . The

plots were placed randomly in a low marsh site within the pre-
viously described Delta Marsh location (Chapter 2 of this
dissertation) . Three treatments, i.e., sodium nitrate and

Rila sea salt mix additions and irrigation, along with un-

treated plants vrere each reregated to four plots. Applica-
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tions of the treatments h¡ere made on each collecting date.
sodiun nitrate solution prepared at a 1.2-M (roo gms/L dis_
tilled water) concentration was applied in 10O-mr quanti_
ties. Rila sea salt mix, herewith termed sea sart, was

prepared as a solution of 95t (loo gms/l distilred water)
and added in 100-ml guantities. prants were irrigated
using 2.5 1 distirred water for each addition.

on each collecting date, 40 prants were gathered from
each of the treatments. These were pooled for each treat_
ment and subsequently processed for fungi in university of
Manitoba laboratories using methods previously described
(Muhsin and Booth I9g5).

Data Treatments

After taburation of fungal isolates from root and

shoot pieces under the treatments, various community para-
meters (i.e., similarity, conrnunity dominance, temporal
groups, spatial groups, dominance functions and rife spec-
tra) hrere prepared using earrier-described methods (chapter
2 of this dissertation).

Although not

methodologies were

Atriplex patula L"

reader may wish to
nent data.

considered in this dissertation, similar
applied to collecLions of fungi from
¡nrl Qrrao¿ìr r1^^*^^^ ^ ,ñ----LuçprçÐÞct (.rl'¡f:j¡I . ) Wats. The

consult Àppendices 6L-92 for the perti_
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RESULTS

General- Community Structure

Among the 1r156 isolates from 1,080 plated plant pieces,

there are 2I different fungal taxa over the three field treat-
ments (Appendices 2I-23). At 32.6t for sodium nitrate appli-
cation, 33.5t for sea salt addition and 33.9t for irrigation,
isolations (N/1,156) are almost equivalent over the three

treatments. Percentage recovery (N/360) is r04.72 for sodium

nitrate, 107.52 for sea salts and 108.99 for irrigation.

Six taxa, Alternaria alternata (fr.¡ Keissler at 43.92,

(Corda)A. chlamydospora lvlouchacca at 7.92, Phoma glomerata

Wol1en. et Hochapfel at 6.83, Stemphylium botryosum Waltr.
at 6.1t, Fusarium tricinctum (Corda) Sacc. at 5.6t and A1-

ternaria phragrmospora van Emden at 4.89, make up a little
more than 752 of all the isolates. These six species rep-

resent 28.68 of the total mycota on Salicornia euro paea

under the various treatments. Acremonium furcatum F. et V.

Moreau ex Gams, Epicoccum urescens Ehrenb. ex Schlecht.,

Trichocladium achrasporl-um (t"teyers et Moore) Dixon and

Trichoderma kon ingii Oudem are isolated less than 10 times

and considered to be very rare. Those species isolated
under only one treatment include: Fusarium moniliforme Shel-

don for sodium nitrate; Epicoccum purpurescens and Trichoch-

Iadium achrasporum for sea salt and Alternaria raphani Groves
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et Skolko for irrigation.

Similarity

Totar similarity (rsT) values for the fungar sere under
various treatments are slightly more than one standard dev_
iation above the mean (50-ztg.g) for the combinations of the
untreated plants with the sea salt and sodium nitrate trea_
ted plants (Fig. 3-1, Appendices 24-25). The IS, value for
the sea salt-irrigation combination is a little more than
one standard deviation below the mean value. Jaccard,s
index is more than one standard deviation above the mean

value (57.515-7) for the combinations of untreated with sea
salts and sodium nitrate. sea sarts combined with irriga-
tion yield an ttj only slightry a standard deviation berow
the mean. The coefficient of association (V) between aIL
nine combinations of the treatments is low, and a difference
in the probability of association or disassociation is
difficult to establish.

Diversity

A total of 25 different fungi are isorated from sari-
cornl_a europaea under the various treatments (this includes
thOSe ff:noi on fha rrntro¡#aÀ nl s*!^ ã - ------:s¡¡s4sqLsu ¡rr€1¡¡LU ds prevl-ousIy reported
in chà.pter 2). under the individual treatments, the number
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Fig. 3-1. Similarity indices (i.e.,
mon, aì total similarity,
ISi; and the coefficienl-
thg fungal assemblage on
under various treatments.

total speci,es in com-
lsr; Jaccard's index,of association, V) ofSalicornia europaea
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of taxa are: 13 or 529 on the irrigated plants; 17 or 6gg on

both sodium nitrate and sea salt treated plants; and 24 or
968 on the untreated plants (Appendices 5, 2I_23) . Simp_

son's index ranges from .44-.7g (Í =.67r.13) for the
sodj.um nj-trate treatment; from .45-.g4 (i = .63r.13) for
the sea salt treatment; and from .22-.77 (i = .461.16) for
the irrigated plants (Table 3-I). Maximum diversity ranges
from .67-.86 (1 = .78!.07) over the isolations from the
sodium nitrate plots, and realized diversity is from 60 to
97.52 (Í = 85.2t11.8) in the same treatments. Values of
maximum and realized diversity on the sea salt treated prants
are .5-.88 (l = .74!.II) and 65.1-95.5t (l = 84.2t1I.2), re_
spectively. The ranges on the irrigated plants are .7-.g3
(l = .77t-g4¡ for maximum diversity, and 26.5-g3.ga (i =
59.3119.8) for realized diversity.

Low diversity (.1 minus one standard deviation) occurs
during the time periods (T) 7 and LZ on the sodium nitrate
treated plants (Tab1e 3-1). According to Simpson,s index,
there does not seem to be a time of high diversity (>i plus
one standard deviation) under sodium nitrate treatment. on
the sea sart treated plants, high diversity is T¡+ and T5,
and 10w diversity is !7, Tr o and T1 ¡, while on the irrigated
plants, high diversity is T1 and T2, and. row diversity is Ta

and T6
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Temporal Groups

Principal component analysis (Àppendices 26_2g) of the
fungal seres over three treatments demonstrates a temporal
separation. under arl three treatments, there are four
temporar groups in the fungal assembrage. sodium nitrate
solution addition results in a separation: group I, Tt_To
(June 6 to July 23) ¡ group IT, T7 and Te (August 6 to August
17)¡ group IIf, Te and Tro (August 26 to September 6) and
group ïv, Tll and Ti2 (september 17 to october 9) (rig.
3-2) . Temporar groups under sea sart apprication incrude:
group r, T1 and T3-T5 (June 6 and June 23 to July 15);
group rr' 12 (June 13); group rrr' Te-Tg (July 23 to August
26) and group rv, Tr o-Trz (september 6 to october 9) (rig.
3-3) ' Groups with irrigation treatment are: group r, Tr-Ts
(June 6 to July 15); group rr, T6 (July 23) ¡ group rrr, T7
and T6 (August 6 to August J-7) and group ïV, Tg_Tie (August
26 to October g) (rj_g. 3-4) .

Spatial Groups

under sodium nitrate treatment, severar- fungi including:
Alternaria chlamydos pora' A. petrosil (Neergaard exl-nr-

Simmons) M.e. Ellis, A. phragrmospora , Ascochyta chenopodii
Roster, Aureobasidi um pul-Iul lrlo n^-..r i----- arvç eQrJ / .Èrl- rrdlt(.I r uf êdo_

âña

sporium herbarum (Pers.) Link ex S.F. Gray, Ir{onodictys
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Figs . 3-2 to 4. Principal component
number of isolations
taxa on Salicornia e

analysis of the total
from various fungal

uropaea under

sodium nitrate (Fig . 3-2,)
sea salts (rig. 3-3)
irrigation (rig. 3-4).

Ti*g designates and actual dates are givenin Appendices 2I-23.
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Þelagrca (Johnson) n.B.G. Jones, Stemnh ylium bo sum and
sterile dark mycelia; these are restricted to the early
temporal group (Fig. 3-5). Dendr iella arenaria Nicot,
Fusarium tricinctum and Mucor hiemalis Wehmer are found in
the early and rniddle groups, while Trichoderma koninqii is
found only in the middle group. Sr_erile white mycelj-a are
present in the early and rate temporal groups. Across ar_I
four spatial groups, Alternaria al-ternata and Phoma qlome rata
are most-frequent in the late groups, and Fusarium monili-
forme is found in the middre to late temporal groups.

Alternaria Phra gmospo râ, Ascochyta chenopodii Clado-,
sporium herb arum Monodictys pelagica and

achrasporum are present only in the early
the sea salt treatment (fig. 3_6). Early

Trichocladi um

temporal group of
and middle group

fungi include:

aria, Fusarium

Aureobasidiurn pullul-ans Dendryphie11a aren-
tricinctum Stemphylium botrvos um and sterile

dark mycelia. Acremonium furcatum, Epicocc r¡m purF)urescens
and Mucor hiemalis are present only j_n the middle groups.
Most-frequent in the late collections are Ar_ternaria alter-
nata and A. chlamydospora , which occur across all four
grouPs. Alternaria petrosil anr- is found in the 1ate and
middle temporal groups.

Fungi restricted to early collections of irrigated
rurcaEum , Ascochyta chenopodii ,

Aureobasidium puLlulans and Cladosporium herbarum (fig. 3_7).
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Fig. 3-5. Spatial groups over time of various fungal taxaon Salicgrnia europaea under sodium "iti"tuEreacment. Vertical bar a = 5E frequency, andhorizontal bar b = 50s occurrence as carcuratedfrom Appendix 29.
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Fig. 3-6. Spatial groups
on Salicornia

150

over time of various fungal taxa
europaea under sea salts treat-

ment. Vertical bar a = 5g frequency, and hori-
zontal bar b = 508 occurrence as calculated from
Appendix 30.
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Fig. 3-7. Spatial groups over time of various fungal taxa
on Salicornia europaea under irri gation. Verti-
ca1 bar a = 5t freguency, and horizontal bar
þ = 503 occurrence as calculated from Appendix
31.
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Alternaria phragmospora and Stemph yliurn botryosum are pres-

ent in early and middle temporal groups, and Alternaria
petrosilini is found only in middLe groups. In alt four

grouPs, Alternaria alternata Fusarium tricinctum and Phoma

glomerata are Sterile

and middledark mycelia

most-frequent in late collections.
and Trichoderma koninqii are in late

temporal groups, while

the late group.

Alternaria raphani is present only in

Dominance

Fungal community dominance (as carcurated from Appendix
29) on sodium nitrate treated plants sharply increases from
temporar r at 3Bg to the other temporal groups: rr at got,
III at 7]-Z and TV at 91t (Table 3-2) . Alternaria alternata
i c Anniñãñ! ^r r r--uv¡r.¡¡¡q¡¡ L \JvEl_ ctJ-I IC)Ur gfOUpS, being codominant $/ith A.
phragrmospora and Mucor hiemalis in the first temporal group.
subdominant and common organisms are generally different over
the four temporal groups. on sea salt affected plants, the
community dominance (as calculated from Appendix 30) folrows
the pattern described previously: temporal ï at 342, temporal
rr at 889' temporar rrr at 7gz and temporar rv at g7z.

unrike the sodíum ni-trate treated prants, Arternaria
alternata is only dominant in the first temporal group in
sea salt treated plants, wj_th Aureobasidium pullulan c

dominant in the second group. There are no dominants in the



Dominance functions,
over the temporal

TABLE 3-2

commun.ity dominance andfor S¿rlicornia europaea

Temporal f Temporal Il

classification
under various

lemporal III

717

. alternatä

trlcinctunr

F. monlliforme

78t

ch lamydospora

À, petroslllnl
sterile dark rnycella

70r

^. 
altcrnata

of organisms,
treatments

Tenporal lv

91r
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!. glonerata

87r

A. chlamydospora

901

Â. rlternåtâ

À. raphanl

l_.e.,
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and fourth temporals. Among the subdominants, Arter-
chlamydospora is in all four temporal groups along

th A. phraqmospora , Ascochyta chenopodii and Dendryphiella
arenaria in temporal I

unlike the general pattern in community dominance across
the temporals of the sodium nitrate and sea sart treated
plants, coflrmunity dominance (as calcurated from Appendix 3l)
on the irr5-gated plants sharpry increases only in the last
temporal group, i.e., 61S in temporal I, 66tin temporal II,
702 in temporal rrr, 909 in temporal rv. Alternaria al-ternata
is dominant in all four temporal groups. rt is codominant
with Stêmphvlium botr sum in the first temporal. The sub-
dominants are notabry dífferent across the temporar groups.

Life Spectra

over the temporal groups on sodium nitrate treated and
irrigated plants, the life spectra are increasingly attenua-
ted from the first through the third temporar group, and

less attenuated in the fourth group (Figs. 3_g,10). On sea
salt treated plants, the attenuation of the spectra increa-
ses through the fourth temporal group (fig. 3_9). Stress_
torerant fungi are generally the most-frequentry encountered
forms over aLl the treatments and temporal groups. The

exception is the survivors strategy in the second temporal
of the sea salt treated plants (fig. 3-9). Consideration of

wL
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Life spectra over time of the fungar assembrageon Salicornia europaea under sodium nitrateEreatment.

Ruderals
Survivors

$ nscaper=
p competitors
I Stress-tolerant

Life spectra over time of the fungal assemblageon salicornia europaea under sea salts ¡reatment.
ffi nuderals
f, survivors
N Escapers
tr Competitors
I Stress-tol-erant

Life spectra over time of the.fungal assemblageon Salicornia europaea under irriõ"tiã".
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the two most-freguently encountered strategies in the spec-
tra indicates simirarity of the spectra of temporars r and
II of the sodium nitrate treated plants (i.e., stress_
tolerant and cornpetitor strategies) (Fig. 3_g). Escapers
and stress-tolerant strategies are also simirarly important
for temporals r and rrr of the sea salt treated plants (Fig.
3-g) and temporals r, rr and rv of the irrigated plants
(rig. 3-10). similarity of the spectra over temporals ï
through rrr of the sodium nitrate treated prants is high_
lighted by the order of the survivor, competitor, and
stress-tolerant strategies.

DISCUSSION

As implied by the equivalent percentage isoration and
fêlìal\7êrlr 

^rr^É 
+L^ ÀL --- --yvvtv¡r vyç! r,¡¡ç L¡rree f.reaÈments and the untreated plants

(isolation at 2g-72 and recovery at r11.28 from chapter 2

of this dissertation), there are no differences in the seres
in terms of total fungal isorates. Thus, âDy differences
between the seres are more likely attributed to patterns of
change within the mycota involving simirarity, diversity,
dominance, spatial groups and life strategies.

Although there are various fungal taxa which are re-
stricted to the sodium nitrate, sea salt and irrigation
treatments, inclusion of the untreated plant resurts sug_
gests that no species are unique to sea salt treated and
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irrigated plants. Fusarium moniliforme is found only on

sodium nitrate treated plants, and Alternaria citri Ellis

et Pierce, Gliocladium roseum Bain., Papulaspora halima

Anastasiou and Scy talidium fiqnicola Pessante occur

strictly on the untreated plants. These results imply that

the seres on the treated plants are mostly indistinguish-

able on the basis of restricted fungal taxa.

Similarity, IS, and ttj values indicate a positive

relationship between the fungal sere of untreated and that

of sea salt treated plants. Also there is a positive simi-

larity j-n the mycota of sea salt and sodium nitrate treated

plants. There appears to be a dissimilarity in the fungi

of sea salt treated plants when compared with those of ir-
rígated plants. However, these similarities and dissimilar-
ities are not representative of patterns of change in the

seres, but they are representative of numbers of fungi in
coflrmon in the paired comparisons of the mycota under various

treatments.

Patterns of change exist in the times of diversity

highs and lows and the inversely related community dominance

over the untreated and treated plants. The untreated and

irrigated plants demonstrate an early diversity high and a

middle season low (time of the highs and lows are earlier
on the irrigated plants than on the untreated plants). There

is no diversity high on the sodium nitrate treated plants and
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the 10ws are middle and end of the season. on sea salt
treated plants, the diversity high is middle season, and
this is folrowed by middre and end of the season 10ws.

community dominance generalry is row when diversity is
high except on irrigated plants, where it is never 10w and
only high at the end of the season. These patterns suggest
that the seres may be different from one another in terms of
diversity and community dominance.

However, this is only partially the case. considering
the dominant and subdominant forms over the untreated and
treated plants of the first temporal group, the seres on aIl
the plants are most probably the same as the dominants, and
st¡bdominants are similar. This is also the case for the
seres of the second temporal group on irrigated and sodium
-.i +-- r -r¡r'Lrctre rreated prants. rn the same temporal group, the
seres of the untreated and sea salt treated plants are
different from the others and each other, based on dominant
and subdominant taxa- seres of the third and fourth tem_
poral groups are all different across the untreated and
treated plants.

These simirarities and differences between the seres of
the treatments and the untreated plants are perhaps rer_ated
to the physiol0gical and biochemical changes by adding
nitrates, salts or irrigation. For example, an inc¡ease in

I

t

i

I

the size of Salicornia europaea plants with addition of
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sodium nitrate is previously reported (Jefferies and Perkins

L977). Addition of sodium nitrate to the growth medium of

S. europaea and Suaeda maritima (L.) Dum. results in an

increase in the production of nitrate reductase (Stewart et
al. 1972; Jefferies 1977) . These workers have also estab-

lished that high marsh plants produce lower levels of nit-
rate reductase than low marsh plants. Àlso, low marsh S.

plants are more-robust and produce a more-extensive

root system (Jefferies 1977) . It is known that low marsh S.

europaea is tetraploid, while high marsh plants are diploid
(Jefferies et al. 1981).

Sodium chloride additions reduce the chlorophyll 1eve1s

in the tissues of Salicornia europaea (Tiku L976). Increa-

sing salts in the growth medium of halophytes increases

their production of osmotically active substances in the

sytoplasm of the cells (Jefferies et al. 1979b). One of
these osmotically active substances, produced by S. europaea

is oxalate which is derived from glycolate with mediation

of the enzyme grycolate oxidase (Austenferd 1974, rg76).

High levels of sodium chloride reduce the enzyme's activity
while sodium sulfate increases the enzyme's activity. Ad-

ditions of sodium chl-oride are also known to increase the

l-evers of total amino acid production in suaeda maritima

(T.J. Flowers and HalI 1978). when this plant is grown in a

non-saline medium or a medium low in sodium chloride, these

amino acids, mainly prorine, are produced at very low levels

,
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(Frowers and Ha'' rgTg). proline is known to be an osmotic-
ally active substance as are some of the other amino acids.

rn comparison of irrigated hrith non-irrigated Atriplex
hymenel Ytra (Torr.) Wats. plants, it is seen that carbohy_
drates, various ions such as sodium and chloride, amino
acids and imino acids (i.e., glycinebetaine) are at much
lower levels in the irrigated plants (Bennert and Schmidt
1984). Biomass of Salicornia europaea gror,rn on irrigated
soil is nearly 50E of that for plants grown on sart_treated
soils (cooper 1gg2). Also the sodium level in irrigated
plants is 4SZ of the level in salt_treated plants.

Temporal and spatial groups suggest that each sere may
be separable into distinct stages or seral communities when
considering the mycota of each treatment over the temporal
groups' However, combining the dominance function, i.e.,
dominant and subdominant taxa, and the order of the ecorogi_
cal strategies in the life spectra yields crearer delimita_
tion of seral groups in the treatment seres. The pattern of
dominance groups and spectra of rife strategies is the same
for the untreated and sea salt treated seres. There are
seral communities in the first temporar, second temporal and
third and fourth temporals combined. (The dominant and sub_
dominant taxa and life spectra are different in temporal
groups r and rr, and these groups are distinct from groups
rrr and rv which are similar for the two community para_
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cornmunities of themeters. ) The seral

irrigation treated

temporal groups.

sodium nitrate and

for each of theplants are separate

This simirarity of pattern for the untreated plant sere
with the sea salt treated plant sere and the sodium nitrate
treated plant sere with the irrigated plant sere may be
related to the magnitude of the "kick', caused by the treat-
ments (Frankland 1991). Irrigated Salicornia europaea
prants are markedly inhibited in growth and sodium chloride
uptake in contrast to untreated prants (cooper 19g2). A

similar response is also found in Atriplex hymenehytra
(Bennert and Schmidt 19g4). Formation of osmotically actj_ve
substances by å- hymenerytra and suaeda maritima is arso
much inhibited by irrigation (T.J. Flowers and Harl r97g¡
Bennert and Schmidt 1994).

Salicornia europaea and Suaeda maritima are reported to
demonstrate much greater than normar growth when treated by
sodj-um nitrate (stewart et aI. L972¡ Jefferies and perkins
1977; Jefferies et al. IgTga). Although there seems to be

no reports of more than normal levels of salts and osmotical_
ly active substances in sodium nitrate treated halophytes,
these phenomena are implied by Waisel (Ig72).
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INTRODUCTION

Salicornia europaea agg. is a succulent annual halo-

phyte which is widely distributed in salt marshes through-

out North America and Canada (Chapman 1974; Ungar I974¡

Jufferies et al. 1979a). As a pioneer species of saline

habitats, it is highly salt-stress tolerant (S. Flowers

L934; Waisel L972). Soil salinity is the major factor af-

fecting the growth of this plant (Ungar 1978; Ungar et a1.

L979; Jefferies et aI. 1979b).

Salt-resistant mechanism of Salicornia europaea has

been discussed by Jennings (1968), Stewar

Trichel (]-979) and Pearcy and Ustin (1984

stated that salt levels are asymmetricall

halophytic plants. However, little is kn

level in roots and shoots of S. europaea.

t and Lee (L97 4) ,

). Waise1 (L972)

y distributed in

own about the ionic

Riehl and Ungar

(1982) observed that shoots of S . europaea have greater

ionic content than the roots. They also found the level of

ions is fluctuated throughout the season following the soil
conductivity pattern. Cooper (L982) reported that the salt
levels within the roots and shoots of S. europaea are

higher under saline conditions than those under waterlogged

conditions. He also stated that the growth of this species

166
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is suppressed by waterlogging.

several investigations indicated that salicornia sup-
ports a diverse group of fungi (pugh 1960, ].g74, L979;

Gessner and Lamore 197g; Kohlmeyer and Kohlmeyer LgTg). Ar-
though the salinity effect on fungi inhabiting saline en-
vironments has been discussed (T.W. Johnson and Sparrow 1961;

Jones and Jennings 1964), little is known about the effects
of this factor on salt marsh fungi. Gessner (lr977) and

Crabtree and Gessner (j-gg2) examined the growth of some

species, isolated from Spartina , under different salinities
in vitro.

The objectives of this study are (f) to examine the
physical, chemical and biorogicar changes (particularly in
totar salts, ionic concentrationr growth habit, phenorogicar
Stacrcs - :nr1 ur¡{-ar ^^ñ+^ñ+\ ^G !r--- --r-- 'rsevr vv¡¡Lçf¡L,, Lrr_ Lrrc ru(Jtsi ano snoots of sari_

cornia europaea growing under control and treatment conditions
in the field, (2) to relate these changes to relevant. climatic
and edaphic factors, and (3) to examine changes in the fungal
pattern on the roots and shoots of this halophyte.

¡{ETHODS AND MÀTERIALS

Field Work

Random plots (50 x 50 cm) for sampring of saricornia
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europaea hrere established within a saline area of Delta
Marsh (Chapter 2 of this dissertation). Three treatments,
sodium nitrate, Rila sea sart mix, and irrigation with dis_
tilled water, r'irere applied at intervals to the plots. un-
treated plots were also established (Chapter 3).

Air temperature (co) at l-m height above the ground,
soil surface temperature (by laying a thermometer on the
ground for one minute), and 10 cm below the soil surface
(by inserting the thermometer into the soil for one minute)
were measured at each collecting date between rr:00 and

12:00 a.m. using a ysr-Tele-thermometer, Model 42sc. Daily
precipitation (nun) leve1s and minimum and maximum air tem_

peratures were provided by the Environment canada weather
station at the university Field station at Delta Marsh.
cumul-ative precipitation levels over lO-day intervals were

carculated during the collecting season of 19g3.

soil samples from each of the treatment prots vüere

collected at a 5-cm depth from the soil surface using a

soil core (S cm in diameter). Samples were placed in poly_
ethyrene bags and brought back to the laboratory, where soil
moisture revel and conductivity $¡ere determined. At the
same time, plant material from each treatment was gathered,
placed in polyethylene bags, and brought back to the rabora-
tory where measurement of rength of roots and shoots,
determination of water content, fungar isoration and chemi-
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ca1 analysis were made.

Laboratory l{ork

Plant Characteristics

Lengths (cm¡ of roots and shoots of Salieornia europaea

were measured to characterize the growth rate of treated and

untreated plants. Water content of the roots and shoots

was also determined. Root and shoot samples for each col-
lecting date were weighed, oven-dried at SOoC for 48 hours,

and reweighed. Constant weights were obtained by redrying

and reweighing the samples until values stabilized. !{ater

content was expressed as the amount of water (gm) per fresh

weight (gm) of roots and shoots.

Root and shoot samples v¡ere analyzed for cations (Na*,

K*, ca**, and Mg**) and anions (c1- and soîl following
Rieh1 and Ungar (1982). This involved oven-drying root and

shoot sampreso previousry washed in distilled water, ât gOoc.

Following this, samples were blended using a l-mm mesh size.
The blended material was weighed into l2-mr glass vials and

combusted in a furnace at 550oc for 24 hours. Ten ml of de-

ionized distilled water was then added to the ashed sample.

Ashed samples vrere allowed to dissolve over 48 hours with
periodic shaking. Appropriate ditutions v¡ere made as required,
and the final diluted samples were analyzed for ionic content.
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Cation levels were determined using FLame Atomic Absorption

Spectroscopy (Perkin'Elmer 403) and anions using Ion-Chroma-

tography. Ionic values are exPressed as mg/gm dw (after

Cooper 1982). (Equivalents as ueq. m]-l x 1O-2 are given in

Appendices 57-60. )

Soil Analysis

Fresh soil samples were weighed, oven-dried at SOoC

for 48 hours, then reweighed. Vlater content was expressed

as weight (gm) per dry weight soil (gm). In addition, soil

samples from each treatment were air-dried at room tempera-

ture. These were then passed through a 2-mm sieve and

mixed with distilled water (1:1 volume ratio) followed by

shaker agitation for two hours. The soil solutions were

-t I r - -- -a !L------L Ì.L^!-^- ll^ I ç.i 1 *-a* n=na* rtoi -^ ã
VaCUUm-IAIEefgcf EIII9Ltg¡f Yf l.Lct Lltldll llLJ ¡ ¿ !I¿ uç! t/qt/s! ser¡¡Y s

Buchner funnel. The filtrate was used for the measurement

of electrical conductivity with a Radiometer CDI'l2D conduc-

tivity meter.

Fungal Isolation

Isolation and counting of fungi from roots and shoots

of Sal-icornia eur ea under various treatments were carried

out using previously described techniques (Muhsin and Booth

198s).
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Data Treatment

Totar salt content of the roots and shoots was carcula-
ted by summing all ionic values at each sampling date. The

ratio of divarent to monovalent ions was also calculated.

comparisons of air and soil temperatures, soil conduc-

tivity, root and shoot lengths, root and shoot water con:.

tent, and soil water moisture of various treatments over

time v¡ere undertaken using the analysis of variance.

The product-moment correlation coefficient was calcu-
l-ated between the total fungal isolations and the ionic
level of roots and shoots at each corlecting date. corela-
tion between the individual ions and the totar fungar iso-
rates on roots and shoots of each treatment was also carcu-
a -!^lId LETJ.

RESULTS

Climatic and Edaphic Factors

The seasonal air temperature regime is seen in the

ranges, means and standard deviations of the maximum and

minimum readings from continuous time periods (Fig. 4-r,
Appendix 32). The ranges in maximum and minimum air tem-

peratures overlap for the colrecting perj-od. This is arso
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the situation for range means. Seasonal variation is

greater for the means of maximum temperature ranges than

for minimum temperature range means. Generally the maximum

temperature range means appear to be divisible into three

parts, with an early cooler period from May 27 to July 3,

a warmer period from July 4 to August 26r followed by a

cooler to cold period from August 27 to October I0. Air,
soil-surface and belor{t-ground collecting time temperatures

follow exactly the same three-part pattern (nig. 4-2, Ap-

pendix 33). It is interesti-ng to observe that the mean

and standard deviation of air temperature are 2l-.gt6.3oC;

those of soil-surface temperature are 22.gt6.3oC; and those

of below-ground temperature are 19.6t5.4oC. Collections of

July 23 and August 26 were made with air, soil-surface and

below-ground temperatures more than one standard deviation
aÈ.arra *lr^ nasn lrfrÌ.^ *a--¡ af *.Þr^ 

---.iñr!ñ 
!^ñ ¡i.*^ryV Vç L¡¡ç ¡llçq¡¡ . \ ¡¡¡ç ¡l¡Eq¡¡È V! U¡¡ç ¡tq^¡¡ltull L-g¡¡fygJ- q Lt¿.lE

range are the highest for the two dates, i.e., July 23 and

August 26 as seen in Fig. 4-L.) Air, soíl-surface and

below-ground temperatures r,irere more than one standard devia-

tion below the mean on the last two collecting dates, i.e.,

Septembe r L7 and October 9. (The means of maximum tempera-

ture ranger âs well as minimum temperature range, \ârere the

lowest of the season for the previously mentioned dates,

i.e., September L7 and October 9.) Analysis of variance of

the different types of temperatures and the temperatures

over time shows that air, soil-surface and below-ground
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temperatures were different from one another (F = g0.16 and
P<0- 001) and each were different over each of the corlecting
dates (p = 252.6 and p<O.O0l) (Appendix 34). The tempera_
tures were most-changeabre over the time periods at the end
of the season (September 6 to October 9). However, the air,
soil-surface and bel0w-ground temperatures were guite simi_
lar (ri_g. 4-2) .

Daily precipitation values range from 0 to 25 rnm over
the coLlecting period (Table 4_l). Total_ precipitation
Ievels before and on each of the collecting dates are:

(1)

(2)

l?ì

(4)

(s)

(6)

(7)

June 1 to June 6 at 10.5 mmn or an
average of I.7S mm/day;

June 7 to June 13 at 10.4 mm, or an
average of 1.5 mm/day;
'fr.-^ a turrrre Lq Eo June 23 at 47 nn, or an

average of 4.7 mm/day;

June 24 to JuIy 3 at 3g mm, or an
average of 3.9 mm/day;

July 4 to JuIy 15 at 4.6 mm, or an

average of O.4 rnm/day;

July 16 to July 23 at 4 mm, or an
average of 0.5 rnm/day;

July 24 to August 6 at 52.4 mm, or an
average of 3.7 mm/day;

August 7 lo August 17 at 0.1 mm, or an
(8)
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TABLE 4-1

Daily precipitation (ppt. ) values for June I to October 10 of 1983

stAugtrneJu

Date Ppt.
(mn)

0.1

3.2

0"9

Date

July I

ppt.
(run)

0.4

Date Ppt.
(nu¡)

15.4

3.4

Ppt.
(rr¡n)

1.5

Date ppt.
(mrn)

0.5
traee

2
3*
4

5
6
1

I
9

l0

I
2

3
4

5
6r
1

I
9

l.t
6.8
2.5

6.3
7.4
9.3
o.2

6.0
0.2

19 .0
1.8

2.0
0.4

0.4
0.8

t
2
3
4
5
6r
7
I
9

0.4
0.5
0.2

0.8
0.2

14 .0
L.2
0.2
0.2

ls.6
2.8

Date

Septenber October I
2
3
4
5
6
7
I
g*

l0

I
2
3
4
5
6r
7

I
9

l0
II
L2
l3*
14
I5
l5
L7
l8
l9
20
2L
22
23*
24
25
26
21
28
29
30

l].
T2
l3
14
l5r
l6
l7
l8
19
20
2L
22
23*
24
25
26
27
28
29
30
3l

l0
11
L2
l3
14
I5
l6
l7r
18
l9
20
2L
22
23
24
25
26t
27
28
29
30
31

l0
ll
L2
13
l{
15
t6
17r
l8
19
20
2L
22
23
24
25
26
27
28
29
30

2-8

0.3

18.2
0.2

H{
@

2.1
0.4
4.0

0.4
0.4

2.2
3.0
0.2
0.4
0.6

1.0
1.0
5.2
0.8

0.4
1.0
0.4

trace
3.2
1"5
0.4

25.0
t.8
0.2

trace

10. I 19.8
15.8

2.6
25.0

*Collecting dates
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(e)

(10)

( 11)

(12 ¡

Corresponding with the

cipitation totals are:

lIay 27 through July 3 ¡

through August 26; and

through October 10.

average of 0.01 nm/day;

August 18 to August 26 at 2I.B mm, or an

average of 3.6 mm/day;

August 27 to September 6 at 39.A lnm, or an

average of 2.8 mmr/day;

September 7 to September 17 at 9.2 nlm, or an

average of 0.9 mm/day; and

September l8 to October 9 at 38 mm, or an

average of 1.7 mm/day.

three-part temperature pattern, prê-

105.9 mm (3.2 nn/day on average) for
83.8 mm (1.6 mm/d.y) for JuIy 4

6 3.9 tnm (1.3 mmrzd.y) for August 27

soil- moisture cc,rrte¡-rt varies from 29.6 to 70.it (Fig.

4-3, Appendix 35). The values are significantly different
between treatments (F = 30.7 and p<0.001) and over time (F =
L2.2 and P< 0.001) (Appendix 36) . soirs where irrigation
occurs are higher in percentage moisture than those under

the other treatments (fig. 4-3). Generally in all treat-
ments there is an early season (June 6 through July 4)

increase, followed by a middle season (JuIy 5 through

August 26) low and high; and an end of season (August 27

through October 10) increase.

During the early part of the season, June 6 to July 3,
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Fig. 4-3.

Fig. 4-4.
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Sea salts
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soil conductivity increases srightly (rig. 4-4, Appendix
37) . A pronounced increase (July 15 and 23) , followed by a

sharp decline (August 6), preceeds an increase in conduc-
tivity to the end of the collecting season. Anarysis of
variance for soil conductivity under the treatments over
time shows that it is significantly different for the treat_
ments (pco.00r) and over time (p.0.001) (Appendix 3g).
under irrigation the conductivity is lowest (Fig . 4-4).
Both the contror and sea salt treated plots have the highest
conductivity (78 mmohs/cm). Generally the sharp increase in
conductivity (July 15 and 23,) is typical of the control_ and
sea salt treatments. over the season, soils with sea sart
application have a higher conductivity in general than the
control soils. soirs in the sodium nitrate treated prots
demonstrate a conductivity intermediate between the contror
and irrigated prots. Although there is a high conductivity
in the soils of the sodium nitrate treated and irrigated
plots on July 15 and 23, the increase from the early season
(June 6 through July 3) conductivities is not as nearly
pronounced as in the soils of the control and sea salt
treated plots.

Plant Characteristics

Root and shoot lengths generally increase

or August 6" A stationary
over the

season until July 23 phase follows
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the growth period (rig. 4-5, Appendix 39). Root and shoot

rengths are significantly different over treatments
(P<0.001) as well as time (P.0.001) (Appendices 40-41).
Root growth on sodium nitrate treated plants becomes sta-
tionary later (August 6) than on the control, irrigated or
sea salt treated plants. control and sea salt treated
plants are stationary for root growth on Jury 15, and the
stationary phase for irrigated plants begins on July 3.

Roots developed under sodium nitrate treatment are slightly
longer than those of an equivalent length formed on control
and sea salt treated plants. rrrigation results in plants
with much-shorter roots. Basically, the shoot lengths under

the treatments follow the same pattern as the roots. The

sodium nitrate treated plants produce much-ronger shoots

than the equivalent in length of control and sea salt
grown piants. rrrigaied piants have much-shorter shoots

than those of contror, sodium nitrate treated and sea sart
treated plants. The stationary phase of the shoot growth

for irrigated plants begins on July 23. sodium nitrate
treated plants are stationary on August 6, while the sta-
tionary phase in control and sea salt treated plants seems

to start on August 17.

Percentage water in roots is generally more-variable
between the collecting dates under each treatment than for
percentage water in shoots (Figs. a-6 to 9, Appendix 42).
Ànalysis of variance results (Appendix 43) indicate that
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Fig. 4-5. t"lean length of Salicornia europaea roots andshoots under

ffi sodium nitrate
fl sea salts
I irrigarion
flcontrol

treatments over the collecting dates.
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Figs. 4-6 to 9
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Water content of roots (o----o) and shoots
(. 

-o) 

and phenological stages of
Salicornia europaea under

control (rig. 4-61

sodium nitrate (Fig. 4-7)
sea salts (Fig. 4-8)
irrigation (Fig. 4-9)

treatments over the collecting dates.
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the differences between the water levels in roots (p =
0.183) are not significant when comparing treatments. The

generar trend in the root moisture percentages within each

treatment is for a general seasonal decline. The general

decline is accompanied by variations in the moisture. Dif-
ferences between shoot water levels over the treatments and

significant (P<0.002) (Appendix 43). Shoots show only
slightly declining moisture revers until the end of the
season, which is characterized by an abrupt drop in water

percentage. Time differences within the roots (p<0.00r)

and shoots (P<0.001) are significant. Highest root water

levels, i.e., 75.6 to 83.3t, are found for att treatments in
June 23 corlections. Lowest quantities of root moisture,

i.e., L6.2 to 34.6t, are generally encountered on september

17 and october 9. There is, however, a noticeable dip in
rooi water content over aii treatments on August 17. rn

the control and sea salt and sodium nitrate treated plants,
shoot water generally stays higher than 7sz r:ntil the last
two col-lecting dates. The decline below this revel- occurs

earrier, i.e., August 26, in the shoots of irrj-gated plants.

The patterns of phenological changes under the various
treatments (Figs. 4-6 to 9) incrude rapid vegetative growth,

flowering, seed set and maturation and senescence and death

stages. These stages arso rerate to the growth and station-
ary phases previously mentioned. Timing of the phenological

stages is the same for control and sodium nitrate treated
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plants, i.e., June 6 to JuIy 23 vegetative growth; August

6 to 17 flowering; August 26 to September 6 seed set and

maturation; and september 17 to october 9 senescence and

death. vegetative growth under sea sart treatment contin-
ues from June 6 through July 15. Timing of the other
stages is: July 23 to August 6 flowerirg; August 17 to 26

seed set and maturation; and September 6 to October 9

senescence and death. rrrigated prants remain weakly vege-

tative from June 13 to July 23. The senescence stage, i.e.,
July 23, is followed by a moribund and dying stage, i.e.,
August 6 to 17. By August 26 the plants are dead.

Concentrations (from Appendices 44-47) , mg,/gnn dw, for
all shoot ions and root ions excrusive of ca** and Mg++ are

significantly different (P = 0.002 <0.00I) over time
(Figs. 4-10 to 13, Appendices 48-49) for each of the treat-

-Lments. Nâ' , cl and sof, are the' dominant ions over alr the

treatments and over all dates. on roots, Mg** and sofi are

the only ions significantly different (p = 0.002 and

<0.001, respeetively) between the treatments (Appendix 4B).

significant differences (p<0.oor) are seen for K*, Na+ and

so; ions among the treatments (Appendix 49). rt is generar-

ly observed that the highest Na* concentrations are in
sodium nitrate treated plants (fig. 4-II). Na* Ievels from

the control (rj-g. 4-10) and sea salt (Fig. 4-I2) treated
plants are about equal and less than in sodium nitrate
treated plants. The lowest levels of Na* among the treat-
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Fig. 4-10. concentrations (mg/gm dw) of various ions from

(Values are read Ey applying the scale bar fromthe circle periphery to the extremes.)

Fig.. 4-11. concentrations (mg/gm dw) of various ions from

roots (dark
Salicornia

roots (dark
Salicornia
ment.

Concentrations (ng,/gm dw) of
roots (dark areas) an<1 shoots

areas) and shoots (white areas) of
europaea under control conditions.

areas) and shoots (white areas) of
europaea under sodium nitrate treat-

Fig. 4-L2. various ions from
(white areas) of
salts treatment.Salicornia europaea under sea

Fig.. 4-I3. Concentrations (mg,/gm dw) of various
roots (dark
Salicornia

areas) and shoots (white
europaea under irri gation.

ions from
areas) of
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ments is in irrigated plants (F'ig. 4-13). The time of Na+
ion build-up is earlier under sodium nitrate and sea sart
treated and irrigation than on the contror plants. Highest
total salts in any single collection (July 15) of plant
material is found in the control plants (Fig. 4_]rA) . How_

ever, taking into account an earlier increase in total
salts (June 23) and a sustained high level (July 23 Èo

August 6), it is possible to observe that the seasonar
level 0f salt may be highest for sodium nitrate (rig. 4-15)
and sea sar-t (ri-g. 4-16) treated plants. Total salts are
at 10w concentration in irrigated prants (rig. 4-r7), par-
ticularty for the roots.

The percentage root ions to shoot ions varies over the
collecting dates and between the treatments. The range of
ratio of root to shoot ions for the control is 3z-4r.6t6.g_
55t when expressed as a percentage. The percentages of
roots to shoots under the treatments are: zg-37!g.0-59t on
the sodium nitrate treated plants ¡ 42-55.1rg. g-672 on the
sea salt treated plants; and 32_50.1113.6_Zlt on the irri_
gated plants.

Fun al Patterns

on control plants the total fungal isolates can be
used to predict the total sarts in the growing and station_
ary plants (Appendix 50). Shoot and root total isolates are
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Total number of fungal isolations and totalsalt levels on

roors N
shoots I

of sal-icornia europaea under contror conditions.

Fis. 4-15. Total number of fungal isolations and totalsalt levels on

roots
shoots

N

N

of Salicornia europaea under sodium nitratetreatment.

Fig. 4-16. Total number of fungal isolations and totalsalt levels on

roots N
shoots !

of salicornia europaea under sea salt treatment.

rig. 4-I7. Total number of fungal isolations and totalsalt levels on

roots
shoots

of Salicornia europaea under irrigation.
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correlated with the salts of their respective plant parts
for both the growing and stationary phases. rn the sta-
tionary phase, the number of shoot isolates can serve to
predict the divalent,/monovalent ratio. Diversity on the
divalent/monovarent ratio is correlated. on sodium nitrate
treated plants, the shoot fungal isolate numbers can be

applied on the shoot sarts to predict the salt levels.
shoot salt levels can be predicted from total shoot isorates
in stationary sea salt treated plants. Also, there is co-
relation of shoot isolates with the divalent,/monovalent
ratio.

when considering the treatments, there are significant
variations in total root and shoot isorates (Figs . 4-r4 to
17) over the treatments and time (p = 0.003 to <0.001) (ap-
pendix 51). There is significant correlation of total_ fun-
gal isolates (Appendix 5 or 52) combining root and shoot
results with total salts (fig. 4-L4, Appendix 44) during the
growing phase (Y = 38.4-.06X t T = -.93r rr = 5) and the
stationary phase (y = 103.7-.34Xt T = -.g7r n = 6). A1so,

total fungal isolates from shoots correlate with total shoot
salts in the growth phase (y = 21.1-.05x t Í = -.91r n = 5)

and the stationary phase (y = 91.1-.3gx, T =-.99, n = 6).
Regression of total isolates from roots on total root sal-ts
is significant in the growth phase (y = 16.95-0.9x, r =

-.86r n = 5) and the stationary phase (y = 3g.4-.41xt T =
--82r D = 5). under sodium nitrate treatment, total fungar
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isolates (root * shoot isolates from Appendices 2l or 53)

regressed on total salts (root and shoot results combined

from Fig. 4-15, Appendix 45) are somewhat correlated during

the stationary phase (Y = 88.1-23X, r = -.73, n = 6). Total

shoot isolates correlated with total shoot salts (y = 52.2-

.21Xt Í = -.86r n = 6) on sodium treated plants. Weak corre-

Iation (Y = 62.7-.1X, r = -.66r D = 7') of total fungal isolates

(root + shoot isolates from Appendices 22 or 54) regressed on

total salts (nig. 4-L6, Appendix 46) occurs in the stationary

phase of sea salt treated plants. Total shoot isolates from

sea salt treated plants correlate with total shoot salts (Y =

37.52-.L2Xt T = -.86, n = 7) in the stationary phase. On ir-

rigated plants, the fungal root isolates (Appendix 55) are cor-

related (Y = 2L.3-.14X ¡ T = -.83r n = 4') with root salts (Fig.

4-L7, Appendix 47) during the growth phase. Other combina-

+..i n-o n€ .Fa*=l i ca'ì ¡*ae =nÁ *an# olrnn'l- i ¡n'l:la¡ ^ñ tn{-¡lulv¡¡Þ v! 9v9q¿ ¿Èv¿qgçs s¡¡v lvv9 vr g¡¡vv9 ¿pv¿99çÞ v¡¡ çvLq¿

salts and root or shoot salts during the growth and station-

ary phases hrere not correlated above r = 1.65. Finally,

all correlations above this level were negative.

Regression of total fungal isolates on root and shoot

ions for the growth and stationary plant phases are signifi-

cant (>r = .8) for various combinations of treatments,

times, plant parts and ions (Table 4-2). There are fewer

significant correlations between total fungal isolates and

ions for the sodium nitrate and sea salt treatments and

irrigation than for the control plants.
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TABLE 4-2

Regression of total fungal isolates
concentrations on roots and

Salicornia europaea over treatments

and various
shoots of
and temporal

ionic
groups *

Trea t¡nent Ions Temporal Groups Tenporal croups

r (L3/6-23/7) n=5 II-Iv (6,/8-9/IOl n=6

+
CONTROL Na

K

cl
Ca

M9

c1

Soq

roots
roots
roots
6hoots
shoots
shoots
shoots

Y=19.26-.29x,r=-.85

Y = 14.28-.Iíx, r = -.90
Y=23.83-1.49x, r=-.88

Y = I8.61 - .10X, r = -.93

Y=27.95-2.19x, r=-.80

Y=29.32-1.84x,r=-.84
Y=32.24-I,21x,r=-.93
Y = 46.62-.64X, r = -.85
Y = 40.22-.89x, r = -.97

+

++

++

Í (t3/6-23/7) n=5 II-Iv (6/8-9/IOl n=6

SODIUM NITRÀTE Na*
+

Na

soq

Y = 18.73 - .31X, r = -.Bl

Y = 1.84+.31-X, r = .96
Y = 55.82-.51x, r = -.83
Y = 35.70-.54X, r = -.Bl

roots
shoots
shoots

I,Ir (I3/6-I5/7) n=4 rII,Iv (23/t-9/Lo) n=t

SEA SÀLTS Èt9

Na

++

+

soq

roots
shoots
shoots

Y=20.00-3.26X, r=-.93

Y=-3.41+.60x,r= .87
Y = 41.50 -
Y = 24.44 -

35X, r = -.85
35X, r = --8?

I (73/6-75/71 n=4 tI-fv (23/7-9/Io) n=7

IRRIGÀTION Na+

cl.-
ca++

roots
roots
shoots
shoots

Y = 23,19-.50X, r = -.83
Y = 17.28-.2Ix, r = -.83
Y = 9.44+.68x, r = .94
Y=19.47+.27X,r= .94soq

*Regression lines based on ion values from ashing at 550ocand distilled water extraction. ronic concentrátions ex-pressed in ngrlgrm dw.
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As the total number of isolates are not significantly

different (P = .285) over the treatments (Appendix 56),

the numbers under control conditions are representative of

the seasonal pattern. Total isolates (combining root and

shoot results) over the 1982 and 1983 collecting seasons

are seen (fig. 4-I8) to change somewhat equally in magni-

tude and time.

DTSCUSSION

Climatic and Edaphic Factors

Soil moisture and salinity are co-determinants of soil
water potential (Waisel L972). Soil water potential deter-

mines the water relations of halophyte cells (Dainty 1979¡

--ÊÊ --^: -- a^^l ñJ -t- t ^úerrerJ_elr r>.rJ_; J(l-enl anq ungar Lyó¿, . GeneralJ_y, l-n order

to establish a water gradient from the soil into the plant,

celI water potential must be lower than the external en-

vironment (Waisel L972). This implies that halophytes take

up salts and/or produce and maintain osmoregulatory sub-

stances (Dainty L979; Jefferies f981).

There is a seasonal variation is soil salinity

which is influenced by the fluctuation in soil moisture

(VJaisel L972; Ungar L974; McMahon and Ungar 1978). Using

soil conductivity as a measure of salinity, the results

from Delta l"larsh (Fig. 4-4) demonstrate the seasonal
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salinity variation. At the beginning of the season, soil
salinity remains low as the soil water content markedry
increases. r{ith a drying of the soiÌs in the middle of the
season, the salinity greatly increases. The subsequent
salinity decrease is concomitant with a soil water increase.
Even though there is soir moisture increase at the end of
the season, the salinity increases. This may be partry due
to salt retransportation to the roots (Waisel Ig72) and
their loss from dead tissue.

Salinityr âs conductivity, varied in relation to pre_
cipitation which is reported to wash salts from the soil
(Hill 1908,. Waisel Ig72,) . Heavy rainfall (i.e., Àugust 6

to septenber 6) brought the sarinity sharpry down whire
dry periods caused a sharp rise in salinity. where sea
salts are added, a pronounced dry period (i.e., .prugiust L7)
caused a noticeable increase in salinity. (Irrigated
soils show no such salinity increase on August l.|7.) The
relationship between sarinity and precipitation i_s perhaps
overly simplistic.

sporadic rainfall and high evapotranspiration during
the growing season are known to affect the degree of sarin_
ity stress by causing fluctuations in the sart concentration
of the soil (Ungar Ig74). The three factors inherent in
affecting soil salinity ares temperature, precipitation and
soil moj_sture. In general terms, this study indicates an
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early cool period combined with spring runoff and rain

water. This results in a fairly low soil salinity (conduc-

tivity) during this period, i.e., June 6 through July 3.

It4iddle season is warmer with low precipitation levels and

high salinity levels. Precipitation is varied in this
period, and soil water additions are somewhat mediated by

the higher temperatures. The precipitation levels must be

high in order to affect a noticeable soil moisture change

due to increased evaporation. This, in turn, affects the

degree of change in the soil salinity. At the end of the

season, i.e., September 6 through October 9, lower tempera-

tures are concomitant with decreased precipitation, a slight
soil moisture increase from middle season and sharp rise in
salinity. With lower temperatures, less precipitation is
required to raise the soil moisture. Despite Èhe rise in
soil moisture, there is an accompanying rise in conductivity
and hence salinity. As previously stated, this may be due

to the release of salts from senescent, moribund and dead

tissues. It is known tt¡.at living plants will excrete salts
from the root tissues (!{aisel L972't .

Plant Characteristics

Plant

1975; T

Bennert

J

salt content increases with soil salinity (Al-bert

Flowers 1975; Cooper L982; Riehl and Ungar L9B2¡

Schmidt 1984). In this study, control plantsand
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demonstrated this pattern. salt content levels in sodium
nitrate and sea salt treated plants and irrigated prants
may increase as the soil conductivity decreases. This may
perhaps result from the obrigate halophytic nature of
Salicornia europaea (Austenfeld 1974; Tiku Lg76; Jefferies
and Perkins 1977; Jefferies et al. 1979a).

The plants responded directly to the increased levers
of sodium nitrate and sea salt treatments. Thus, if a hydro_
static detector system (Hastings and Gutknecht 1976; Jef-
feries 1981) is present in s. europaea it would respond
positively to a salt increase in the soil. soil salinity
must increase to a critical levelr or certain ionic concen-
trations and combinations must be present, to facilitate
salt uptake into the plant. rn irrigated prants, where the
soil conductivity is diminished by additions of djstilred
water, the uptake of salts occur earrier in the season than
the control- salts in the irrigated prots are reached a$/ay
with the unexpected resurt that internar sart revers
increase. perhaps this further demonstrates the obrigatory
halophytic nature of S . europaea. Furthermore, the salt
uptake and osmoregulatory system of the plant is complex and
ftêy, when considering the results of the irrigation experi_
ments, act on negative as werl as positive hydrostatic
signals.

Complexity of the system is seen when considering
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sodium levers in the plants. Although there is a rise
within the tissues of sodium nitrate and sea salt treated
plants at the same time, N"* revels in the later plants
are lower than in the sodium nitrate treated plants. This
may resurt from ionic competition (r{aisel rgTz; Arbert L97s¡
T.J. Flowers L975) as sea salt treatment involves a wide
spectrum of ionic types. Also Na+ uptake is seen to depend

on the concentration of this ion in the external soil soru_
tion (T.J. Flowers 1975). Finally, the effect of sodium

concentration on the uptake of Na* is dependent upon anionic
interactions.

rn halophytic systems it is reported that salts are
asynunetricarly distrd-buted in order to ensure a favorabre
water potential gradient for the plant (waisel Lg72).

Basically the water potentiar in halophyLie prant_ shoots is
lower than in the roots. Root cerl water potentiar is, in
turn, lower than in the soil. This study affirms this
pattern with respect to the ratio of total root salts to
shoot salts.

rnterpretation of total salts and individual ion levels
in the plant is probrematical. water extraction of ashed

materiar resurts in an underestimation of the ions of cal-
cium, magnesium and surphate. rn ashed material a portion
of the ca** and Mg++ arè combined in carbonates and are in-
soluabre in water. At high temperatures sulphates combine
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sulphides. These compounds

and hydrogen sulphide gas

are unstable

at high temperatures is driven off.

Thus, it is appropriate to state that the results for
calcium, magnesium and sulphate ions, in particular, are

semiguantitative. It has been suggested (Ungar personal

communication) that water extraction of ions may effectively
represent the active osmotic component in the plant. Acid

extraction of ash does account for ions incorporated into
the cell wall and various membranes as well.

In Atriplex inflata F. Muell. and A. nummularia Lindl.
the ratio of ua+7x+ is approximately the same in expressed

cell sap and acid extraction of ash from plants gror^¡n in
c-omplete Hoogland's solution (Ashby and Beadle f95Z). Wet

ashed and acid extraction from salicornia europaea produced

less sodium to potassium ions (Na+/K+ = 2.0, eooper I9B2)

than in oven-dried (95oC), boiled and water extracted S.

prostrata PaIl. (rqa+/x+ = Q.0-6.0, Albert L975) . The

sodium to potassium ions ratio for young seedrings and mid-

season mature plants is about the same in this study as in
previous results (Riehl and Ungar t9g2) using S. europaea

and similar methodology.

Temporally, calcium, chlorine, potassium, sodium and

sulphate ion levels show somewhat similar pattern for dry

ashed-water extraction (Riehl and Ungar 1982) and oven

dried-boiring in distilled water extraction (Albert. 1925) "
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rt is interesting to note that in Riehl and ungar,s ohio
collections where the soils are higher in cl- than N.*, the
amount of chlorides is 'greater than sodium in the plants.
At Delta Marsh, the soits are higher in Na+ than cl-, and
the plants incorporate more sodium than chlorine into the
cel1s.

Despite the limitations of the methodorogy emproyed,
the general patterns of ion ratios and revels of this study
are similar to the results of the previ_ously mentioned work.
The types of methods used do not appear to greatry alter the
general pattern.

rt is generally known that the growth of saricornia
europaea is enhanced by an increase in salts in its tissues
(Ungar et al. L979¡ Cooper :-.gB2; Riehl and Ungar Lgg2).

ñri---1 - ¡ !Þrr-r*ur-aEr-on or tne growth of s. europaea and other hal0phytes
has been previously reported (Ashby and Beadle lgST; Boucard
and Ungar L97G; Jefferies Lg77; Jefferies and perkins L977 ¡

Storey and Ítyn Jones I97g; pearcy and Ustin I9g4). AIso it
is already known that irrigation of S. europaea inh ibits
growth (cooper 1982) - The growth period of roots is ronger
on sodium nitrate treated plants than on plants under the
other treatments. rrrigated roots and shoots grow for the
most-limited time period. shoots grow for longer periods
under control conditions and sea salt treatment than on
plants treated with sodium nitrate. perhaps it is not
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simply the rate of growth that is important to the plant's
survivar in the environment but arso the duration of the

growth period.

Phenological stages in Salicornia europaea are very

definitely affected by the duration of the growth period.
For example, irrigated plants stopped growing and such

normal stages as flowering and seed set with maturation

never occurred. water content of the stem arso may be

related to definite phenorogical stages such as the moribund

and death conditions. The timing of the various phenologi-

cal stages is the same for control plants as for sodium

nÍtrate treated plants. Flowering occurs earlier in sea

sart treated plants than in any prants under the other
treatments. rrrigated prants remain as stated earlier in
the vegetative condition or they are dead.

Fungal Patterns

rrrespective of the treatment, the general pattern of
total fungal isolates over time is for a decrease in iso-
lates during the growing phase of the plant. During the
growth period, the plant is taking up salts, and in the
stationary phase the salts decrease and root-shoot salt
asymmetry decreases. The general fungal pattern in this
phase is for an increase in fungal isolate numbers. There

is a general increase in the fungi as salts decrease. How-
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ever, the patterns in the growth and stationary phases are

not different because of fungal isolate decline or rise but

rather the rapid increase in the salts of the actively growing

plants against the more-gradual decline in salts over the

stationary and dead phases. The fungi developing in the

growth phase are on plants with pronounced salt variation

while those developing on stationary plants are associated

witt¡ a gradual change in salts. This suggests that there may

be a major dichotomy in the fungi developing on roots and

shoots of Salicornia europaea. Perhaps as indicated earlier

(Chapters 2 and 3), there are different types of succession

in the two general, i.e., growing and stationary, phenologi-

cal stages. As seral succession functions in a regime of

biotic sr:bstrate changes (Frankland 1981), it is possible

that there are definite seral stages on the growing plants.

On the more-environmeniaiiy stabie siaiionary pianis, with a

gradual change in saIts, the pattern of fungal change rnay

represent substate succession. As secondary succession in-

volves a disturbance of habitat (Park 1968; Pugh 1980; Frank-

land 1981), it is possible to suggest that sodium nitrate

treatment, sea salt addition and. irrigation resulted in

modifying the substrate. These modifications involve (1)

plant growth; (2) phenological stagesr (3) time of the onset

of the stationary period; (4) total salt leve1s; (5) ionic

concentration and symmetry; and (6) decline in shoot water

levels. On this background the fungi demonstrate changing
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diversity, dominance, life strategies, and successional

patterns.

Although it is extremery difficurt to establish clear
cause and effect for any of the plant characteristics and

the number of fungal isolates, it is instructive to discern
patterns of fungal numbers in the light of events within the
prant. such a comparison may be seen to relate the plant,s
phenorogical stages to the changes in the fungal community.

rnterestingly enough, the temporal groups based on principal
component analysis of taxa isolates over time, very closely
correspond with the phenological stages. This is generally
the case for each of the sere on plants of each treatment

type. rt appears that plant phenological events and fungal
community changes mây, with further research, permit the
construction of a predictive model.

Another possible area of comparison of fungal pattern
and plant activities involves the ionic levels in the latter.
Recogmizing the possibility of successional strategy differ-
ences within the fungal communities on each of the treatments,
it is possible to consider the correlation of total fungal
isolates on total sa1ts, and root and shoot salts; shoot fungi
on shoot salts; root fungi on root salts; total shoot isolates
on the divalent/monovalent ratio; diversity on total salts and

diversity on the divalent/monovalent ratio. rf at high levels
of correlation (r>.8) tt¡e regressions may be of some predic-
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on some of

isolates.

That is,

the listed
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it rnay be possible to make predictions

comparisons based on numbers of total

Assuming that dominant and subdominant fungi represent

a large percentage of the total of the isolates on a col-
lecting date under the various treatments, it is possible to
associate fungi with ionic patterns in the growing and sta-
tionary phases of the plant. For example, under control
conditions there are a wide variety of ions in the growing

plant which are strongly correlated with the total nu¡nber

of fungar isolates. The dominant and subdominant organisms

are Alternaria alternata (fr. ¡ Keissler, A . phragrmospora

van Emden, Ascochyta chenopodii Roster, and Stemphylium
botryosum f{alIr. Nearly the same organisms, i.e., A. alter-
nata, å. phracrmos pora and S. botryosum, are ao*irr.rrl= "*
subdominants on irrigated growing plants. As in the case of
the growing prants demonstrate a wide variety of ions cor-
relating with total numbers of fungi. on the sodium nitrate
treated plants, the dominant fungi are A. alternaria, A.

phragrmospora, A . chenopodii, and Fusarium tricinctum (Corda)

treated

tricin-
ctum and Phoma glomerata. The

total isolates are Na* and Sof,.

only ions correlated with

Sacc. for the growing plants. On the

stationary plants the d.ominants are A

sodium nitr
. alternata,

ate
çr

Dominants

i.e., A.

on sea salt trea-
alternata ,4.ted plants on the growing plants,

chl¡unydospora, å. phrag.rnospora, A chenopodii, iella



and S. botrvosum, perhaps correlate with ¡lg** and SO;. On
the stationary plants, the dominant and subdominant fungi,
r.e., Aureobasid ium pull (De Bary) Arnand, and A1ter_ulans
naria chlamvdospora Mouchacca, perhaps correrat. witnii
and sof,.

There are major trends in rife strategies which are
related to the ecological conditions of food (stress) and
perturbation (disLurbance) (pugh f9g0). Relating ecological
conditions with the treatment, it was observed (Table 4_3)
that fungi on the control are perhaps exposed to the com_
binations of high stress with high disturbance and high
stress al0ne ('ab'e 4-3). perhaps the high disturbance is
related to the variety and type of ions as welr as other
factors. High stress seems to aet on frrngii on Saiico

21I

arenaria Nicot, Monodi ctys pela (Johnson) n.B. c. Jones,cIrca

rnLa
europaea to be a general. In all probability, the root and
shoot surfaces of S. europaea are high stress habitats.
Contrarily, the life strategies of fungi growing on sodium
nitrate treated plants show characteristics of organisms
growing in low disturbance sites. Interestingly, there are
only two ions, i.e., Na* and sof,, which correlate with total
fungal isolates.

Although the plant ions may not be directly acting on
the fungi, they do indicate various physiorogical and bio_
chemical patterns which could act on the fungi.



_ Principal rife strategies under various treaand on growth and stationáry phases of saricorni
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TABLE 4-3

Growth Phase

Temporal I

tments
a eüropaea*

Treatment

CONTROL

SODTUM NTTRATE

SEA SALTS

IRRTGATTON

Stationary phase

Temporals II-IV

Escapers
Survivors

(High stress,
high disturbance)

Temporal I

Stress tolerant
Escapers
Survivors

(High stress )

Temporals II-IV

Stress tolerant
Competitors

(Low disturbance)
Stress tolerant

Competitors
(Low disturbance)

lTamnnr¡ìo 1 TT_v-..Ì,vrq4Þ L, LJ- l.emporals III_IV

Stress tolerant
Escapers
Survivors

(High stress )

Temporal I

Stress tolerant
Escapers
Survivors

(High stress)

Temporals II-IV

Stress tolerant
Escapers

(High stress)
Stress tol_erant

Escapers
Survivors

(High stress)

*This table derived from chapter 2, Fig. 2-rg and chapter3, Figs. 3-B to IO.



GENERAL CONCLUSTONS

This study demonstrates that riving and dead halophytic
plants support various fungal groups. The total nu¡nbers of
fungal isolates may vary from one plant species to another.
Salicornia europaea was seen to render the majority of fun_
gal taxa when compared with other hal0phytes. The
differences in the number of fungar isorates and taxa hrere
probably related to the nature, salt revers and osmotic
strategies of the plants.

Àn examination of the fungal cornnrunity structures of
salt marsh halophytes showed that there is a crear simirarity
in the fungal assemblages of the obligate halophytes (e.g.,
Salicornia europaea and Su€e depressa) and of the faculta_
tive halophytes (e.g., Hordeum ìtrbatum and Puccinellia nut-
talliana ) . Generally, diversity rrras seen to be inversely
related to dominance, i-e., when diversity is high, dominance
is low, and vice versa. rt is also shown that there are two
general diversity patterns among the six species studied.
The diversity pattern on S . europaea t s . depressa and
Atriplex patula, is different from the pattern on H.

Glauxiubatum , 3- nuttalli ana and

213

maritima.
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on each of the plants, the fungal assembrage changed
with time- The change in the fungal_ conununity structures
(i.e., diversity, dominance, spatiar groups and life strat-
egies) suggests successional changes over the temporal
groups. r\¡¡o types of fungar successions can be recognized,
seral and substrate successions. The seral successional
pattern is mostry related to the prant biotic events during
its growth stages. The second successionar type is seen to
be a function of the stationary phase of plant growth.

climatic and edaphic factors varied throughout the
growing season. soit salinity was affected by precipitation,
temperature and water moisture. High soir salinity was often
observed during the dry period. prant salt lever was con_
comitant with the soil salinity pattern. Additions of sod_
ium nitrate, sea sarts and irrigation resurted in physieal
and chemical changes of the plant roots and shoots. sodium
nitrate and sea salts caused an increase in the ionic levels
of the plant tissues- rrrigated prants, however, showed a
relatively low revel of salts. As a consequence the fungal
assemblages were arso changed. The fungar seres of the
treated and untreated plants were simirar during the earrier
growth stages. However, differences in the seres h¡ere notice-
able over later growth stages.

This investigation also demonstrates that the rife
strategies of fungi are related to ecorogical conditions
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(i.e., stress and disturbance). It appears that treatments
cause either a stressed or disturbed environment which

affects the plant growth strategy as werl as the associated
mycota.

As the salt revers increased in the plant roots and

shoots, the total number of fungal isolates decreased. com-

parison between fungal patterns and plant ionic levels
demonstrates a correlation between the total salts and total
fungal isolates throughout the growth and stationary phases.

Furthermore, regression analyses indicate that N.*, ug** and

so; are the ions within prant tissue most highly correrated
with fungi on salicornia europaea. since the correlations
were high, it is suggested that such may be used as the basis
of a predictive model.

Further research is needed to elucidate the relationship
of fungal patterns and ionic levers in salt marsh halophytes
using the dominant and sr:bdominant taxa to predict the salt
levels within the plant tissues. study of the association
of the mycota and halophytic plants may also províde an

understanding of the ecology of salt marsh halophytes and

their fungi.
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APPENDTX 1 Total number of isolates; for
control conditions over L982

various fungal taxa
and 1983 collecting

from Atriplex
dates.

patula under

t9Bt

Tàxa

Àlt¿rnarla altêrnatâ (Fr., Xcl¡rlcr
À. ràÞhâni Grov.r ct Sholko

¡. tanuisrlhr (Xü2" êr Prr¡.1 xlltrhlr"
Àrcochvta gh!¡9p94q Rôrtêr
Cladogporls oxvaÞorun Bêrk, ct Curt.
DendrvÞhiê1lr àrenàrle Nlcot
Fuaàrlun nonl llfomc Shaldon
F. trielnctun (Cordà) Secc.
¡lueor hl¿nàlis l{Ghmr
Þhoñâ qloneràÈa (Cordr) wollÊn. et Bochrpfrl
stenphvltun ¡93¡pgg¡ Ìlallr.
tterllã drrk nycrllâ
1rlehod"rna honlnall Ouden

lotâl nunber of Èâra

lotal nunber of lsolåtêa

'No êollectlon mde on thlr drtc

T¡

6/6
11

t8/6
16,

2r/7

l5

1¡
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12

t3/6
1¡
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Ì\)
P\,

t2
3

g

9

6

2

7

6

22
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1
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I
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I
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APPENDIX 2. Total numbers of isolate¡; for varíous fungal taxa from Glaux maritima under
control conditions over :1982 collecting dates.

Taxa

Alternaria alternata (Fr.) Keissler
Arthrinum phaeospermum (Corda) ¡,1. g. ElLlis
Aureobasidium pullulans (De Bary) Arn¡rnd

Cladosporium herþarum (Pers.) Link ex S.F. Gray

ç.. oxysporum Berk. et Curt.
Dendryphiella arenaria Nicot
Drechslera halodes (Drechsler) Subram,, et Jain
Fusarium triciùctum (Corda) Sacc.
Gliocladium roseum Bain.
Mucor hiemalis $lehmer

Phoma glomerata (Corda) WoI1en. et Hochapfel
Stemphylium botryosum lfallr.
sterile whil[e mycelia

Total number of taxa

Total number of isolates

rl
6/6

L2

L8/ 6

Ta

3/7
r6

2r/7
L7

4/8
r9

23/8
Tr o

6/e

3

2

5

7

I

4

2

6

4
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I

7

3

6

I

4

I

7 4 81824
I

2 7 4

2 I

6 5 5

5

2

5 6

3

l\)
P
@

22

5

6

3

5

66

20 24 23 13 23 30 43



APPENDIX 3.

laxa

Alternaria alternata (fr.¡ Keissler
å. pêtrosilini (Neergaard ex Simmons) M.B. Ellis
Arthrinum phaeospermum (Corda ) M.s. ElLlis
Cladosporium herbarum (Pers.) Link ex S. F Gray
Den iella arenaria Nicot
Drechslera halodes (Drechsler) Subram,, et Jain
Fusarium tricinctum (Corda) Sacc.
Gliocladium roseum Bain.
Ivlucor hiemalis Wehmer

Phoma qlomerata (Corda ) !üollen. et Hochapfel
Stemphylium bo tryosum Wal1r.
sterile white mycelia

Total number of taxa

Total number of isolates

Total numbers of isolates for various fungal taxa from Hordeum jubatum under
control conditions over '.L982 collecting dates.

Tt
6/6

6

L2

r8/6

6

Ta

3/7
T5

2r/7
T7

4/8
r9

23/8
lro
6/e

10 L4 16 10 I 9L7
2

I
I

I 616

4

5 5 6

3

I
3

4

I
7

2

2

6

2

2

3

I

5

2

9

I

2

Ì\)
P
\o

3

2

6

5 I

3

2

2

2

2 5

2

22 28 34 32 29 L9 43



APPENDIX 4. Tot,al numbers of isolates; for various fung
under control conditions over 1982 collecting dates.

al taxa from Puccinellia nuttalliana

Taxa

Alternaria alternata (Fr. ) Keissler
. dennisii M.B. Ellis
. petrosilini (Neergaard ex Simmons) ¡1.9. Ellis

Arthrinum phaeospermum (Corda) M. B. El-Iis
Cladosporium herbarum (Pers.) Link ex S.F. Gray
Dendryphiella arenaria Nicot
Drechslera halodes (Drechsler) Subram. et Jaín
Fusarium tricinctum (Corda) Sacc.
Gliocladium roseum Bain.
Mucor híemalis l{ehmer

Phoma qlomerata (Corda) Wollen. et Hochapfel
Scytalídium liqnicola Pesante
Stemphylium bot,ryosum l{al1r.
sterile white mycelia

Total number of taxa

Total number of isolates

T1

6/6
L2

L8/6
Ta

3/7
r6l

2r/7
T7

4/a
r9

23/8
lro
6/e

9

2

10 L2 5161620
å
A

6

4 11

5 5

3

t

5

I
2

916

5

2

2

5

5 5

3

I

N
t\)
o

6

2

4

1

4

7 5

6

5

4

3

7

1

1

42

25 30 31 33 33 26 40



APPENDIX 5 number of isolates
control conditions

for various fungal
over L982 and 1983

Total
under

taxa from Salicornia europaea
collecting da S.

lqî-l
1ârà

Acrarcnlun lurcltun P, at v. llorGâu ?x Cãñ6

Altcrñrrlô âlt?rnâtÃ (Fr.) xêl!rlêr
À. cltrl Elll! êt Plerce

^. 
chlâñvdorÞo16 tlouch!ccr

^. Cîirorlllnl (llñ.rqi.rrl .r 31ffiñr) L.¡. ElllÊ
¡. phrrqÞ.Dõrã vññ lñd.ñ
A. râphrnl Grow!.t Skolto
A!æchvtâ 9!9!9!99!! Ro6têr
Aureobtoldlun Þullulânr lÞo Eâryt Àrnrnd
Clàdo!porluñ hcrbarun (Pcrr,) Llnk êx s.F. Crây
Dcndrvphlcll¡ rr.n6rlr Nl@t
Eplæccuñ purpurå!?n! Ehranb. ox gchtecht.
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APPENDT* 6' 
:3:Ë1"î"*iät?Í"i:"åi:i='53ä

various fungal taxa
and 1983 collecting

from Suaeda
datesl-

depressa under

,.. . . 1982

¡\ 16

3/7 21./7

. 1983

r I L2

6/6 LS/6

T7 19

4/8 23/8
rt0
6/e

¡l T2

L3/66/6
13

23/6 3/1
¡5
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ltl
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À1Èernâria altèrnata (Fr.) Ké13Bler

cltri Ellis et Plerce
dennlsii M.B. Elltg
tenuissinå (Kunze er( Pers
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I
3

2

I
5

IO

2

4

3

5

2

2

2

2

5

I
3

2

å

;

23

3

4

2

2

2

2

9

4

13 2l I
1

t

255

5

{10232829

3 l0
3

23

II

I

2t
Àrthrinum phaeospertnun (Corda)

Ascochyta chenopodii Roster
C ladosÞor i um

) wiltshire
ü.8. Ellis

subran. et Jain
ex schlecht.

3 2

herbârum (Pérs.) Llnk ex s.F. GraY

DendrvÞhiella arenariå NlcoÈ
Drechslerâ halodes (Þrechsler)
Eplcoccum purpurâsen9 Ehrenb.

2

N
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2

L2
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I2

I
3

I

a

I
I2
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7
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I

2

2
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IFusårium triclnctum (Cordâ) Sacc.
Mucor hiemålis wehmer

Phona glomeratå (Co.rdâ) Hollen. et Hochåpfel
Stemphyllun botryosth walIr.
sterile white mycella
sterile dark nycelia
lriehodermâ koninqil odeutn

Total number of Èaxa

lotal nunber of isolates
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13

I

5

II

2

9 12 7 6

¿

3I ¡l

I 5 7 7 59 4 I 6 6

22 3 3 3¡l 26 17 29 ¡11 172129282523820363918



APPENDIX 7. Fungal species common
salt marsh halophytes

different paired combinations of the six
and 1983 collecting dates.

to the 15
over L982

SÀLICORNIÀ EUROPÀEA (2')

SUAEDÀ DEPRESSÀ

SUAEDA DEÞRESSA (I?)

ÀTRIPLEX PÀTULÀ

ATRIPLEX PÀ]'ULÀ II])

GLAUX IiARITIHA PUCCII.IELLIA NUÎTÀLLTÀNÀ HORDEUH JUBÀîUH

t'\)
N
UJ

Figures in parentheses indicate
total number of fungal taxa re-
covered from each plant species
over the collecting period.

GLAUX H¡RIT¡I{A (I ])

Àlternàrið rlternôtå
Ãr-[rv-iãin--pñãeõìFñun
cÌàdosDoriuh herbðrun
Dj"_qj,l.eh t.!þ âreñà r ià
['usârluh trtclnctuF
õTì.oiT;ãi úñTõ;;;N
n[EõFFfãñãrj;-
Þñõñã ãTõiõ?ãTa
Stehohvl iuñ bôtrvoßM
steri¡e white hyceliå

PUCCINELLI'I NUî1ÀLLIÂNÀ (I1 )

Àlternãr¡à âl ternâtâ
E.-p"t-;ïlñÏ-Arthrinuh Þhåeosærûùn
cIådosDoriuñ herbårun
Þndrvohiêllå åroñàrrâ
brechslerà hâ¡odes
Fïã¡-ïìIn-iriË]ro-n
õTTõ;Ttði üñ-ïõ=ËnF
Fõêõ-r--ñ;Ëãtïã-
Þ6õn=ã ãTõñIãTa
SremDhvliuñ botrvosuñ
ctêri1ê whitÞ mvcelrä

Alternårià â1têrnâtâ
Fr-Tñ?iîïñ-oË'eæ-lEïñun
cIâdosæriuñ h?rbâruh
Þñ.lrvbhiÞl lâ rr.ñrriã
Drechslerâ hàìodea
Fw-Tüñ-ïrfëTñiTin
Fiêõi-FT¿ñãTíi-
FFõñã ãTõñõlãIa
StÞhDhvIiuñ boÈrvoßuñ
ster¡le vhite hyceliâ

ÀltGrnåriâ àltarñåtÀ
õe--nd;IeFiErTã-..ãiõñ;ijg
Fusåttffi trtclñctun
F¡EõF-ficñTi¡-
ÞFõñã õTõñÏTî¡
srcnp-¡íIIG-Eõï rvo¡ m

Alterñârià rltern¡tà
Fr-IFiìËäorrããõËõãlñun
cIådôsmriuh herbårun
Þndrvohiellâ ârenåriå
Drèchglerò hôlodeg
fùiã?iüñ-Trïãircifa
õTTõË1;ìÍ i uî-?õñìñ--
ffiêãî-ñlEãri;-
Þfrõñ õfõñõi*¡
stehDhvl iuñ bôtrvosuh
9terrIê vhrte ñycelrå

Àlterñãriå ålterhàtô
Ã:--Éã1;ã;ir i;-i-
clådo6æriun hêrb!rq
DÞndrvDhrÞl Iâ ârenàr¡â
FusÀriun trrctnctuh
õTiõõT;ði s-Æ-ãõ¡ñ-
fr¡E6;-FT-e'iãl i¡-
Þñ-õñã õrõñã?ãï¡
scvt¡l idi üh lidñicolå
stênDhvl im botrvosuh
steri¡.e uhrÈe ñycel¡ã

Àltêrnår1à rlternâtâ
Ã;Tãñ'ñT6Ìi-
)f r tF?]lim--ãh ¡eo sæ rnm
clådosoorluF herÞaruh
ÞndrvDhrollå àrenàrlâ
b¡-ãEîlãÌã*E;l õ?õr-
Fîããl-ilñ trìËTñtTïn
Hülõl-fieñãTïã--
FFõm- ãTõñÌãfa
StenDh\'l iuñ ùrotrvosun
9tèrlle Yh¡te nycel¡ð

Alternàriâ ålternâtà
Fñ?çtõF]ã I Iã-;?ã;ã?f â
Fusâriun trlcinctun
H!õõFFienãTä-
FFm- o-Tõñãïãla
5@ftr'¡E¡rs!!!

Àllernôr1ã â1Èernrtà
Fûrc-E-¡EÍðiiñ-õûTIïf ¡ns
cIâdosæriùh herbârun
ÞndrvDhiê1Ià àrênàriâ
Fussriuh tricinctuñ
õTïõðTfrtl üñ-lõ;õïñ-ÍõËõ;-F];ñîri;-
ÞFõñã ãTõñilî¡
StênÞhvliuh bot¡voauh
rtêril.e vhIÈe nycelia

ÀlÈernrriå 6lèèrn6tâ
ÃrIñEÍñïñ-oFããm-un
clâdôâmrim hêrbâruñ
ÞndrvDhiÞllâ å¡.nâriå
brcchrlcrr halodet
FIãã?Túñ-I¡IãIãËIin
FüõõFñTcñãTiî-
Þ6õñ ãfõñ¡a¿-¡
stêñbhvliuh botrvôsuñ
sèerile ehite frycelir

Àltérnàriâ âltêrnâtâ
dläìlõããõif uñ-õiVõ6?un
b.ndrvohiellà àrênârià
FUBàrlun trlclnctuñ
frõãõ?-Fïem-TiF-
ÞFõñã ãTõñ?ãTA
Stcnphvliun botrvolum

Àlternària åltêrnåt¡
Ã:--iãõEãñT
ÀscochvÈà chêfloDodil
tÞndrvDhiêIlå ârenåriâ
Fu!ãriuh Èrlcl.nctum
EüõõFFTeñãTììi-
ÞFõñã õIõñãiãìl¡
StehDhvIluñ bÚtrvõ¡uh
3ÈeriI€ dàÌk ¡ìyceIià
lrichodermå k(,ningtI

lrlchodernr konlnqll

ÀlterñarIâ alteEnôtå
Ã:--EeiITãã{ñã--
Ãs co-c-ñlïã-=6ãi o É d L I
DendrvDh iellå årênårlå
Fuarriun ¿rlcincÈum
ú-u¡-õo¡--EToñãTfii-
FFõñã ã'TõñãIãì|E
StehDhvliuh krtrvôsuñ
sterj.le dðrk nryceli.!

ÞEõñl' ãTõ?Ec-¡
StanDhvlim hôèrvôlun
sterile dârk nycelià
sterlle vhlte mycelia
T¡lchoderM koninqii

àrenårtÀ

6Iternàtâ

tq!!!!.:rlir Jrj!¡lq!1 ( I 2 )



APPENDTX 8. Number of fungal taxa in colnmon (a), number of taxa present only on the hori-
zontally listed plants (b), number of taxa present only on the vertically
listed plants (c), and number of taxa not present on either of the higher
plant,s (d) in each of the 15 paired plant combinations.
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APPENDIX 9. Principal component analyis coordinates derived
from the total number of fungal isolates on
Atriplex tula over the 1982 and 1983 collec-
ting per c e total number of fungal iso-
lates is extracted from Appendix t in this dis-
sertation.
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Principal component analysis coordinates der-'
ived from the total number of fungal isolates
on Glaux maritima over the 1982 collecting
perñtll ffil number of fungal isolates
is extracted from Appendix 2 in this disserta-
tion.
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Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Hordeum jubatum over the L982 collecting+period. The total number of fungal isolates
is extracted from Appendix 3 in this disserta-
tion.
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Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Puccinellia nuttalliana over the L982 col-recEinffiã. The total number of fungal
isolates is extracted from Appendix 4 in this
dissertation.
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APPENDTX 13. Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Salicornia europaea over the 1982 and 1983
co1 Iecting periods. The total number of fun-
gal isolates is extracted from Appendix 5 in
this dissertation,
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Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Suaeda depressa over the L982 and 1983
collecting periods. The total number of fun-
gal isolates is extracted from Appendix 6 in
this dissertation.
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APPENDIX 15. Total isolates, frequencly, square root of frequency, occurrence, distribu-
tion intensity index and dominance function of various fungal taxa from
Atriplex patula over the L982 and 1983 collecting dates.
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APPENDIX 16. Total isolates,
tion intensity
G1aux marLtima

Ternporâl I . .

frequency, square root of frequency, occurrence' distribu-
index arrd dominance function of various fungal taxa from
over thei L982 colleetLng dates.
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APPENDIX ]-7.

ÀIternariâ alternata
À. petroslllni
Àrèhrinu¡n ÞhåeosÞermum
c1ådÕsDorium herbarurn
Dendryphlella arenaria

Mucor hiernalis
Phoma glomerata
Stenphylium botryosum
sterile white nycella

Total isolates, frequency, square root of frequency, occurrence, distribu-
tion intensity index and dominance function of various fungal taxa from
Hordeum jubatum over the L982 collecting dates.
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Àlternaria åIternata
À. dennisli
À. petrosil.ini
Arthrinum ÞhaeosÞermum
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DendrvÞh ie I Ia arenarl.a

Total isolates, frequency, square root of frequency, occurrence' distribu-
tion intensity index and dominance function of various fungal taxa from
Puccinellia nuttalliana over ùhe L982 collecting dates.

Temporål f TeÍìporal If Tenporal III

6
(,
¡J
l!

o
o

|!
Ð
o
Er

q

u
Ê
c,

t¡
c,
u
f!

q

oc
c)

0)
¡r
fr¿

0
a)
!
¡l

o
o

d
lÚ
!

F

oroÉco
r! .¡
c!.¡oecot
ôq

Éro^
¡J >Hj¡JO
.O.d -.doÞÉx!ûro
@!õ-acÉ
O.d.¡

o
Uc
og
!

oo

o
o
É
OJ
Þ
!

o
uo

ollor:Éo
td .,.{
É{J.i rJ
Ei:
oiJ
o!¡

o,

c
o
t¡
tt

U
oo

VR

D

R

c.
.'l H
{J>HtJo
,Q.d-.dü
¡¡CX¡r (, 0)odõ
'dÉÉ
ô.i-d

q¡

o
É
q,
a
t¡
o
t{
Í¡

o
0,
4J
rl

o
û

.d

rd
¡J
o
Er

I
ot
UCcc
ltr
cÐ

-d (J
Éco5oa

c.o^
!H
5ã

!-¡ xrncJo c€doÉôrú'¡|!
x
lõ
t<

19 31 I7 28.3 5. 3 100 531.9 C 52 57.8 1.6 lOO-0 760'0 D

2 3

.7

.3

3.3
6.7

5.5
1.8

4.3
1.8
5.0

1.8
2.6

100

50

D

vtì
563.0

90. I

tl

1s

18. 3

3.3
25.0

100

50

100

427 .8
90. I

500 .0

F. 1

)

25

50

50

100

1.7
tt

41.7

1.3
L.I
5.5

65.2
90.8

645.8 33.3
33.3
66.7

31 .9
60.5

253.9

VR

8 8. I 2.9 66.7 197 -9 R

1.1
3.3

R

I
7

Drechslera halodes
Fusarium tricinctum

llucor hiemalis

90.8
129.4

V]R

c

V:R

VR

t
3

l3 14.5

1.r
t.8
3.8

2.1
1.1
2.8
1.t

4.4
1.1
7,8
l.r

c

N)
t,
È

VR

VP

VR

\¡P

2

4

50

50

10 20.0 4 . s 100 447 .2

3 5.0 2.2 100 223 .6 vR

6 I0.0 3,2 100 316 .2 R

Gliocladium roseuíì

Phorna glomerata
scy ta Ii d iutn lignicola
Stemphylium botryosun
sterile white rnycelia

Number of starts 60 60

X¡rs1 = 12.315.7
i2,s2 = lo.ot5.6
ir, =, = 7 .5!4 .g

tvalues dervied from unrounded fGÇüãncy
*rp = !6¡i¡ant; SD = subdominant; Ç = common; R = rare; VR = very rare
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i3,s3 = 9.014.3

ir,sr = 24.3!24.1
Í,2,s2 = 10.51 3.5

i:,=: = 6.01 2.8



APPENDIX 19. Total isolates' frequenCY, square
tion intensity index and dominance
Salicornia europaea over the L982

leFpo¡àl I. lcnporal ll

root of frequency, occurrence, distribu-
function of various fungal taxa from

and 1983 collect.ing dates.
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APPENDIX 20.

Àlternaria alternata
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APPENDIX 2]-.

Taxa

nuriber of fungal
treatment.

Total
trate

isolates on Salicornia europaea under sodium ni-

Alternaria alternata
chlamydospora
pe tros i li ni
phraqmospora

Ascochyta chenopodii
Aureobasídium pullulans
Cladosporium herbarum
Dendryphiella arenarÍa
Fusarium moniliforne
F. tricinctum 1

Monodictys pelagica

Phoma glomerata
Stemphylium botryosum
sterile dark mycelia
sterile white mycelia
Trichoder¡na koningii

lotal number of isolates 18 20
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APPENDTX 22. lotal number of
treatmenf.

fungal isolates on Salicornia europaea under sea salts

laxa

Alternaria alternata
chlamydospora
petroslllni
phraqmospora

Ascochyta chenopodii
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Fusarium tricinctun
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APPENDIX 23. Total number of fungal- isolates on Salicornia europaea under irrigation.

laxå

Àcremonium furcatum
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APPENDIX 24. Funga1
paired
under

SEÀ SÀ-LT

CONTROL

240

specj-es conmon to the nine
combinations of Salicornia

varl ous treatments.

SODIUM NITR.ATE

SEÀ SÀTT

SODIUM NITRÀTE

different
europaea

IRRIGÀTION

Àcremonium furcatum
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À. chlamvdospora
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Àureobasidium pullulans
Cladosporium he¡barum
Epicoccum Þurpurascen s
Fusarium tricinctum
llonodictvs pelaqica
llucor hiemalis
Stemphvlium botrvosum
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sterile white mycelia

Àlternaria aLternata
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APPENDIX 25.

LEGEND

Number of fungal taxa in common (a), number of taxa present only on the
horizontally listed con,ditions (b), number of taxa present only on the
vertically listed conditions (c), and number of taxa not present on either
of the conditions (d) in each of the nine conditions for Salicornia eur-
opaea.
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APPENDIX 26.

242

Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Salicornia europaêa under sodium nitrate
treffi--t. rhe toG-r number of fungar isorates
is extracted from Appendix 2L in this disser-
tation.
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ÀPPENDIX 27. Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Sal-icornia europqea under sea salt treat-
ment. The total number of fungal isolates is
extracted from Appendix 22 in this disserta-
tion.
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APPENDIX 28.

244

Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Salicornia europaêa under irrigation. The
total number of fuñgal isolates is extracted
from Appendix 23 in this dissertation.
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Point Axis 1 Axis 2
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APPENDIX 29. Total isolates, frequernC!¡ square root of frequency, occurrencer distribu-
tion intensity index and dominance function of various fungal taj<a from
Salicornia euroÞaea un,der sodium nitrate treatment.
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APPENDIX 30.

Àer"rcnlun furcatuh
Àltrrnär1â âltanttl
À. chlanydolpora

¡. p"Èrorlllnl

À. phraqrclporå
Àscochyta chÊnopodil
Aurcobrsldlun pulIulång
ClâdorporiN herbarun
Dêndrvphlella ârenrrl r
Eplcoccun purÞurascèng
Fu!rrIu triclnctun
Honodlctyr prlrqlca
Huco! hÍêrullr
SteñÞhvllun Ei!æ!!n
!èêrilr drrk nyceli¡
stcrllc uhltã nycÊl1a
lrichoclÀdluñ achrtsporu

60 .0
202 .5

32 .5
65.0

130 .0

1,8
2.9

9.0
l/t5.0

{ 13.7 3.7 100 370 sD

17 56 , 3 7.5 100 750 D

I 3.2 1.8 100 180 R

2 7 .1 2.7 100 270 R

q

o

oF

Total isolates, frequetrcy, square root of frequency, occurrence, distribu-
tion intensity index and dominance function of various fungal taxa from
Salicornia europaea under sea salts treatment.
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APPENDIX 31. Total isolates, f,requency
tion intensity index and
Salicornia europaea under

, sguare root of frequency, occurrence, distribu-
dominance function of various fungal taxa from
irrigation.
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APPENDIX 32. Minimum and maximum ranges of air temperature with their means and standard
deviations over indicated times"

Dates 1983

27/5 to 6/6
7/6 to L3/6

L4/6 to 23/6
24/6 to 3/7
4/7 Lo L5/7

16/7 to 23/7
24/7 to 6/8
7/8 to I7/e

L8/8 to 26/8
27/8 to 6/9
7/9 to 17/9
L/LO to 9/Lo

Min:Lmum ranges
of air temperature

Maximum ranges
of air temperature 'Coc

3.0- ( 8.3t 3.5) -14.5
9.0-(112.5t3"6)-17.5

11 . o - ( 13 .6!2. 4 ) -18 . s

4. 5- (114. 9t 4 "7') -2L.5
11.0- (:t5. 813.0) -21. 5

L2.0- (lL6 .3!2.9) -20. 5

L2 .5- ( 1A . 0r 2 .9) -20 .5
10. o- (Ig.6r 3.0 ) -19 .5
I .0- (15 .412 . 7) -18.0
5 .0- (iLo .9 !4 .7 ) -19 .0
0.5- ( 5.8r 2.61 - 8.0

-1.5-( 3.Str.9)- 6.0

15.0-(19.814.5)-26.0
15.5-(24.315.6)-32.5
2I .0 - (24 . 3+ 2 .2) -27 .5
14.5-(2L.715.6)-32.0
23.0-(28.112.81-31.5
24.0- (31.0t2.1) -35.0
26 .5- (29. 31 3 . s ) -37 .0
23 .0- (27 .5!2 . 5 ) -30 . 5

23 .5- (29 .2t4 .0 ) -30 .5
15 .0 - Q2. 8r6 .7',) - 35 .0
8.5-(14.4t3.1)-18.0
9.0- (10.6 !2.8) -17.0

t\,
È
æ
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APPENDIX 33. Air, soil-surface and below-ground (IO cm)
temperatures (oC) over 1983 óollecting dates.

Date
1983 Air Soil

surface
Below
ground

6/6

L3/6

23/6

3/7

L5/7

23/7

6/8

L7 /8

26/8

6/e

t7 /e
9/to

20.6

20.3

24.5

23 "5

25.0

29.0

24.5

25.0

28.0

23.0

11.0

8.0

2L.5

2L.0

2s.0

24.5

26.0

31.0

26.0

26.0

29.0

23.5

13 .0

8.8

18 .8

19 .0

2L.5

20.0

22.5

26.0

2L.5

23.0

25.0

20.0

10 .5

7.6



APPENDIX 34.

250

Analysis of variance of air, soil-surface andbelow-ground temperatures for l9g3 collecting
dates.

Source SS DF MS PF

Temperature

Time

Error

69.095

It97.681

9 .492

34.548

108.880

0.431

80.158

252.622

<0.001

<0.001

2

1t

22



APPENDIX 35. Mean soil moisture It water/soil dry weight
(gm/gm) ] tor various treatments of Sal-icórnia

25I

plots over the collecti ng dates.europaea

Dates
(re83) Control Sodium

nitrate Sea salt Irrigation

6/6

13/6

23/6

3/7

15/7

23/7

6/8

L7 /8

26,t9

6/e

L7 /e

e/L0

55.4

60. 8

57 .6

50.8

4L.5

38.1

29.6

38.3

40.5

36 .9

41.8

40 .6

62.5

56 .4

57 .2

49.r

38 .9

40.1

42 .6

39.2

42 .3

43.7

4r.4

49.3

59 .I

68.8

59 .0

48.5

33.1

32.6

3I. 3

38.6

qv. I

33.3

32.6

40.1

60 .3

70 .1

63.7

65.1

48.2

42.9

47.L

50.0

f,I. y

53.8

54. I

56.9
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APPENDIX 36. Analysis of variance of soil moisture for
various treatments of Salicornia europaea
plots over the collect ang dates.

Source SS DF ¡1S PF

Treatments

Time

Error

268.206

39I .9 47

96.097

89 .402

35.632

2.9I2

30. 701

L2.236

<0.001

<0 .001

3

I1

33
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APPENDIX 37 . Soil conductivity (mmhosr/ cn) for Salicornia
europaea plots under various treatments over
the 1983 col lections.

Dates Control Sodium
nitrate Sea salts l-rigation

6/6

13/ 6

23/6

3/7

15/7

23/7

6/8

17 /8
26,t9

6/e

17 le
e /r0

26

4t

38

40

73

78

43

45

50

58

7T

72

24

48

42

40

57

60

45

48

52

49

62

67

23

50

46

42

68

77

55

68

60

55

66

7L

26

40

30

27

50

54

50

42

36

3B

60

58
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APPENDIX 38. Analysis of variance of soil conductivity for
Salicornia europaea pJ-ots under various treat-
ments over the collecting dates.

Source ss DF MS F P

Treatments

Time

Error

1302.729

7593.563

1053 .52r

434.243

690.324

3I.925

3 13.602 <0.001

2t.623 <0.00It1

33



APPENDIX 39. tvtean tll and standard ileviation (s) (n=20) of root and shoot lengths of
Salicornia europaea uniler various treatments.

6/ø .10
.25 4

1.37
0.r42

1..03
0.27r

L3 /ç .96
.189

t. .54
0.469

23/ç 5 .r7
0. 408

3/7 .69
.9 42

:i .35
0 . 46 3

L5/7

23 /7

.60

.645
t4 .30
1.34

4.31
0, .47 7

20 .60
I .60

5.10
0.39

14 .40
3.03

1.68
0 .326

2.45
0 .977

I .04
0.279

3 .00
0.463

2.28
0 .449

s. 80
0.856

2.97
0.25

9.49
0.53

2.65
0 .42

9.r0
1.02

2.95
o .29

l0 .00
0.94

16.40
3.31

3.05
0.59

L4 .70
0.95

Date

r7 /g

20.10
t.l8

= 1.94
= 0.453

i=1
s=0
l=l
s=0

i,=2
s=0
X=4
s=0

X=5
s=0

Control
Shoot Root

I5.50
3.51

20.12
L.32

S,odium nitrate
Shoot Root

Sea salts
Shoot Root

Irrigation
Shoot Root

t.l3
0.44

2.97
0.337

1.39
0.251

2.55
0.949

10.86
1.045

23.70
L.25

1.33
0.211

5.00
I .699

1.02
0.2'1I

t. 13
0. 380

I .14
0.207

X
s

x = 4.63
s = 0.34

{=
Þ-

x = 5.40
s = 0.47

X = 5.42
s = 0.31

x=

2t.69
0.441

6.r0
0.589

7.55
0.692 l\)(¡

(¡

4 .86
0 .4 35

6/a 4 .60
r.27

L7 .70
4.03

5 .60
7 .64

25.50
0.85

L7 /8 .37
.48

26/8 20.01
1.41

6/e

17.90
3.54

l4 .80
1.40

5.70
o .42

25.70
0. 82

5.30
0.62

18.50
1.16

3 .10
0 .24

14 .90
0.66

5.70
0.52

25 .90
I .10

5.40
0 .60

19.30
I .30

3 .10
0.20

l5 .00
0.44

5.71
0. s2

26 .00
0.91

5 .47
o .67

L9.62
0.98

15.02
0.78

3.tr
0.41

15.28
0.95

5.00
1.95

s .10
r.17

3.07
0.81

3.17
0.40

5 .89
0.41

26 .40
0.93

5.s4
0.61

9 /L0 5 .42
o.64

21.00
1.68

5.87
0.48

27.40
1.04

5.74
0. 50

x = 5.53
s = 0.49

20.L7
L.32

20. l0
1.16

20. 30
1.54

15 .10
0 .86

3.34
0.37
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APPENDIX 40. Analysis of variance for root lengths of SaIi-
cornia europaea under various treaLments óE
the collecting dates.

Source ss DF Ir,lS PF

Treatments

Time

Error

24.5L3

9 8. 346

7.390

36 .478

39 .91s

<0.001

<0.001

3

II
33

8.171

8.941

0.224
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APPENDIX 4I. Analysis of variance for shoot lengths of Sali-
cornia europaea under various treatments oF
the collecting dates.

Source ss DF MS F P

Treat¡nents

Time

Error

342.1s0

2474.095

1s5.943

114 .050

224.9L8

4.726

3 24.l-32 <0.001

47 .592 <0.00111

33



APPENDIX 42. Mean water content [t rlater,/plant dry weight (gm/gm) ] for the roots and
shoots of Salicornia eu,ropaea under various treatments for the 1983 col-
lections.

Date

6/6
L3/6
23/6

3/7
L5/7
23/7
6/8

L7 /e
26/8
6/e

L7 /e
e /L0

Control
Root Shoot

Sodir¡m nitrate
Root Shoot

Sea salts
Root Shoot

Irrigation
Root Shoot

71 .0
75.0
78.8
56.9
53.0
62.5
50.9
42.7
47 .3
55.2
35 .0
18.0

9 3.0
91.3
90.s
88.9
89.3
8s. I
81.9
78.7
78.2
72.4
40.6
22.5

70.2
76.9
81.1
62.7
55.2
55.6
56.3
4L.2
52.r
56 .5
50.0
16. I

92.5
91.6
9L.7
gr.1
89 .6
89 .4
87 .3
84.s
81.4
79.L
62 .3
39 .8

70. I
77 .2
77 .4
66.2
62.4
6L.5
57 .2
44.2
51.0
50.0
38.3
34.6

93.2
9L.7
91.3
90.2
88.2
88.4
85.0
82.7
79.s
76.6
55 .3
22 .6

71 .1
76.9
83.3
67 .2
53.4
55 .6

56.2
43 .4
54.6
56.5
35.0
19 .9

93.0
91.4
90.9
89.7
86 .8
86.3
83.8
79.8
61. 3

51.9
36.2
24.7

N)
(tr
@
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APPENDIX 43. Analysis of variance of percentage root and
shoot water content of Salicornia europaea
under various treatments over time.

ROOT WATER CONTENT:

Source ss DF ¡4S F P

Treatments

Time

Error

84 .914

11531.28t

546.388

28.305

r048.298

16.557

1.710

63.314

0.183

<0.001

3

11

33

SHOOT WATER CONTENT:

Source SS DF MS F P

Treatments

Time

Error

496.934

17861. tI9

934.346

165.645

L623.738

28.3L4

5.850

57 .348

- 0 .002

<0.001

3

11

33



APPENDIX 44. Concentrations (mg,/gm dw) of cations and anions in shoots and roots of
Salicornia europaea under control conditions.

Na
+

2L.4
33.6
37 .2
42.L
87 .4
64.0
55 .0
61 .1
53.2
50.4
42 .3
45.1

+

3.0
t1 .0
13.2
8.7
8.2

12.0
8.7

L2.3
13 .0

13 .0
LL.2
8.4

Shoots
++ 

Mg
++

4.0
7.0
9.1

11.0
5.7
5.5

r3.0
6.4
8.0
6.2
4.0
2.2

(31 SOt* Na

Roots
+ ++ ++

K CA M9 c1 SO

16 .0

28.1
315 .0
5,3.2

93.0
4,4.6

46.5
_?t6.9

3i6 .0
2:"9.0

3t7 .2
2t8.1

rl .0

20.0
L8.2
38.0
28.1
24.2
24.6
23.0
20 .4
r8.0
15 .0
9.6

10.2
11 .9
13.5
18.0
31 .4
20.7
16 .0
L4.2
15 .0
14 .6
17. 3
20 .0

2.0
4.2

12. 0

L4.2
L5.2
11 .1

5.0
5.4
3.5
3.0
2.L
2.8

2.5
2.8
2.L
3.2
2.3
3.4
3.0
3.3
1.8
1.5
1.8
1.5

L.2
2.0
L.2
1.0
1.9
1.1
1.3
1.5
1.0
I.2

6.0
9.3

14 .0
16 .1
57.0
23.0
20.L
14.5
L6.2
11.4
L5.2
18.7

5.0
7.8
7.2

14 .0
11.3
10.5
10.0
8.8
9.4

10 .5
I0.2
7.7

+
4K Ca

3.3
4.5
6.0
7.5
8.5
7.2
6.7
5.0
2.0
L.2
2.0
1.0

6/6
13/6
23/6

3/7
L5/7
23/7
6/8

L7 /8
26/8
6/e

L7 /e
e /L0

1.0
1.4

t\,
Ol()



APPENDIX 45. Concentrations (mg,/gm ilw) of cations and anions in shoots and roots of
Salicornia europaea uniter sodium nitrate treatment.

Date

6/6
L3/6
23/ 6

3/7
15/7
23/7
6/e

L7 /8
26/8
6/e

L7 /e
e /Lo

+
Na

20.2
54.0
75 .3
91.0
96 .0

112 .5
87.2
66.3
63.0
58.1
64.2
68.4

+

3.6
7.5
9.5
8.8
9.0
8.9
8.5

11 .0

10.0
L2.0
IO.I
7.4

2.2
5.0
7.2
3.3
7.2
5.3
4.7
5.0
3.5
3.0
2.0
2.0

3.0
6.0

14 .9

3.9
7.0
8.4
8.6
6.0

1r.0
7.3
3.8
2.8

l.g .0
4,r.2
86 .0

63.5
6;L.2

48 .6

3t8 .2
4t2.0

4,9.1

4i0. 4

313.0

1.8.6

15 .0
23.0
10.0
36.0
37.0
35 .5
37 .0
32.L
30.0
28.2
21 .0
TL.2

+

8.5
14.0
48.1
20.0
22.4
t8 .2
L6.7
14 .5
11.0
17. I
2L.5
24.2

+

2.9

L0.2
9.8
7.6

4.0
4.1
3.2
3.8

2.0
3.2
2.5
2.8
3.0
2.5
2.2
1.4
2.2

1.8
2.0
2.4
2.0
3.2
2.L
L.7
1.5
1.5

6.0
11 .0
45.0
30.5
33.0
25.L
20.0
24 .4
2L.0
18.6
16.0
20 .3

6.3
8.1

L2.8
15 .8
l1 .0
L0.2

8.5
7.8
7.5
8.0
7.L
6.0

KK

Shoots
++ 

MgCa
++ (cl-

Roots
++ 

MgCa
++ cr- SOr*soq Na

1.8
2.2

1.3
2.8
2.5

5.0
7.8 3.0

N
Ol
H

7.r
5.5



APPENDIX 46. Concentrations (mg/gm ctw) of cations and anions in shoots and roots of
Salicornia europaea uncler sea salt treatment.

Shoots
NA

+

23.5
49 .0
65.3
85.0
75.8
72.3
69 ,7
64.0
59.0
55 .4
48.2

52.0

+
K Ca

++

3.0
8.0

16.8
12.0
r0.2
8.3

10 .0
9.5
6.2
2.0
6.4

+

7.8
10 .0
9.3

18.0
7.4
5.6
4.0
7.6
4.0

Roots
++ 

Mg
++

2.6
2.r
4.4
2.0
L.7
I.5
2.0
3,0

++ + CI SOr*KMg c1 soq Na Ca

4.5
3.8
3.5
3.r
5.2
3.5
2.0
2.I

6/6
13/6
23/6
3/7

L5/7
23/7
6/8

L7 /8
26/8
6/e

L7 /e
e /r0

5.0
7.L
8.0

N
O'ì
I\)

2.6
4.8
3.54.0

4.2
7.0

5.5
7.0
7.27.5

9.2
8.6

10 .0
LL.2
12. 0
11. 0
L2.0
9.0

4.2

8.0
6.0
7.r

1.

1.7.5

:10.0

5i7.8
4iL.2

41 .8
39.2
:r5.4
316 .0
33.0
3t7 .2

22 .6
:t0 .0

13.0
27 .O

17.5
30.0
35 .0
34 .0
36 .0
33.0
25.8
2L.0
17 .0
L2.0

8.0
16.0
42.2
25.8
24.L
26.0
38.1
31.5
25.5
22.0
25.0
20.3

7.0
12 .0
31.0
26.3
26.0
29.0
30.7
34.2
27.0
24.L
20.0
22.0

5.7
17. 0

25.0
18.0
22.0
20 .0

16 .0
20.0
14.0
11.0
l5 .0
10.0

3.1 2.2 1.5
3.0
4.1

5.3
3.0
2.L
L.2

0 4.1



APPENDIX 47 . Concentrations (mg,/gm d$/) of cations and anions in shoots and roots of
Salicornia europaea un<ler irri gation.

Shoots
Na

+

22.3
27 .0
34 .5
44.8
46 .0
55.0
46.3
54.7
44.0
48.2
29.0
24.0

+

9.1
9.3

10.0
9.0
5.0

9.0
3.0

++
a

++

4.0
3.1

15.0
18 .0
14.4

6.8
r1.0
2.8
6.4
3.1

K Mg Cl SO,*

.. ï ..... ï .... Roots
Na+ K+ ca** Mg c1 soq

:17.0

t¿L.2
tlL .4
45.0
33.3
:¿1 .0
34 .0
:r8.2
41. 0

25.0
44 .0
126.0

L2.O
21 .0
27 .0
ls .0
19 .0
24 "0
20.0
19"0
r0"0
18.0

7"0
7.0

9.5
19 .0
30 .1
25.0
20.8
12. 0
15 .5
18.0
L2.0
10. I
17.0
18.0

8.4
10.2

7.0
7.2
7.5
6.0
8.1
3.5
4.0
2.O

1.8
2.0
1.5
5.4
3.2
2.0
1.8
L.2
I.0
4.0
4.5
2.5

++

L.2
1.3
1.0
4.0
3.8
l.g
2.0
1.5
2.0
1.0
I.2
1.0

7.5
I8.0
45.0
31.3
22.0
L2.5
L8.2
20 .l
24.0
L2.6
28.0
l9 .0

5.0
8.3
5.2
5.0
4.0
3.8

3.5
2.5
4,0
2.5
2.0

c

4 2 3.56/6
L3/6
23/6

3/7
L5/7
23/7
6/8

L7 /8
26 /8
6/e

L7 /e
e /Lo

8.6
7.0
8.7

2.5
3.0 N

O'l
UJ

6.0
4.2

5.0

4.0
7.4
7.5

4.5

8.1
7.0
6.5
3.4
2.3
2.0
1.3
1.1
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APPENDIX 48. Analysis of variance of cation and anion con-
centrations in roots of Salicornia europaea
over treatments and ti me.

Ion Source cc DF T{S PF

+
Na treatments

time
error

534.587
1529.320
L223.853

178.196

139 .029

37.086

4.805
3.7 49

0.007
0.001

3

I1
33

+
K treatments

time
error

18.335
386 .152
r99 .280

6.tL2
35 .105

6.039

1.012
5.813

0.401
<0.001

3

11

33

++
ac treatments

time
error

7.851
9 .109

32.004

2.6L7
0.828
0.970

2.698
0.854

0.0603

1I
33

++
14g treatments

time
error

10.628
r0 .9 37

L9.352

3.54 3

0.994
0.586

6 .046
1.696

0.002
0 .118

3

1t
33

c1 treatments
time
error

197.558
27L0.472
2095.282

65.853
246.407
63.493

1.037
3. 881

3

11

33

0.389
0.001

treatments
time
error

799 .90 0

295.655
246.255

266.633
26.878
7.462

35 .7 32

3.602

<0.001

0.002
3

11

33

so+
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APPENDIX 49. Analysis of variance of cation and anion con-
centrations in shoots of Salicornia europaea
over treatments and time.

Ion Source SS DF Irls PF

+
Na treatments

time
error

6676.896
L0437 .229

3350.854

2225.632
948.839
10r.541

2L.9L9
9.344

<0.001
<0.001

3

11

33

K+ treatments
time
error

75.2L7
L46.682
I19 .730

25.072
13.335
3.628

3

11

33

6.91r
3.676

0.001
0.002

++
Ca treatments

time
error

2.L52
22L.609

35 .59s

0.7r7
20.146
L.079

3

11

33

0.665
18.671 <0.001

++
M9 treatments

time
error

32.067

480 .42L
258.390

10.689

43.675
7.830

0.269
<0.001

3

I1
33

1.365
5.578

CI treatments
time
error

1145.684
5956 .796
4250 .469

381.895
54]-.527
t28.802

0.045
<0 .001

3

t1
33

2.965
4.204

treatments
time
error

1056 .I47
2L36.167
636.335

3s2.049
Ig4.rg7
19.283

L8.257
10.071

<0.001
<0.00r

3

11

33

soq



APPENDIX 50.
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Regression of fungal isolates, diversity and
salt levels on Salicornia europaea under
varao
(n=

us treatments over
number of collecting d

temporal groups
ates).

Control Temporal I
(n=5 )

Temporals II-IV
(n=6 )

Total fungal isolates
on total salts

Shoot fungal isolates
on shoot salts

Root fungal isolates
on root salts

Total shoot fungal isolates
on divalent/monovalent
ratio

Tota1 root fungal isolates
on divalent/monovalent
ratio

Fungal diversity on total
salts (roots i+ shoots) ...

Fungal diversity on
divalent/monovalent
ratio

r=
ct-
b-

r=
cL-

b-

r=
d-

þ=

97
I
7

r=
ct-
b=

0.56
7.r

12 .8

T=
c[ -
þ=

r=
c[ -
þ=

r=
a-

b-

-0.93
38.4
-0.06

-0.91
2I.I
-.05

-0.86
16.95
-0 .09

0. r8
11. I
4.4

-0.63
1.0

-0.002

0.79
0. r17
r .47

-0.97
103.7
-0. 34

-0.9 9
91. t
-0.38

-0.83
38.4
-0.41

-0.
40.

-60.

-0.s5
30 .6

-29.3

-0.76
1.05

-0.003

-0.87
0 .91

-1.08

contínued
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APPENDIX 50 (continued)

Sodium nitrate Temporal I
(n=5 )

Temporals II-IV
(n=6 )

Total fungal isolates
on total salts

Shoot fungal isolates
on shoot salts

Root fungal isolates
on root salts

Total shoot fungal isolates
on divalent/monovalent
ratio

Total root fungal isolates
on divalent/monovalent
ratío

Fungal diversity on total
salts (roots + shoots) ....

Fungal diversity on
divalent/monovalent
ratio .....

-0
26
-0

r=
cl -
b=

.1

.2

.02

-0.64
20.3
-0.18

0.
-2.
47.

0.65
0. 78
0.04

-0.73
88.1
-0.23

-0. 86
52.2
-0.2L

-0 .44
38.4
-0. 3s

r=
a=
b=

b=

0.38
2.3
0.04

r=
cL-

þ=

28
5
6

-0.48
0.8

-0.00005

r=
d.-

þ=

0.44
0. 36
0.68

r=
cL-
þ=

-0.
35.

-47 .

65
3
I

27
3
2

0. 34
5.8

18.3

r=
cL-

b-

0.
11.
32.

0.14
0.47
0.000s

continued
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APPENDIX 50 (continued)

Sea salts Temporal I
(n=4 )

Temporals II-IV
(n=7 )

Total fungal isolates
on total salts

Shoot fungal isolates
on shoot salts

Root fungal isolates
on root salts

Total shoot fungal isolates
on divalent/monovalent
ratio

Total root fungal isolates
on divalent/monovalent
ratio

Fungal diversity on total
salts (roots + shoots) ....

Funga1 diversity on
divalent/monovalent
ratio

r=
cl-

þ=

r=
CL

b-

r=
cL-
b-

81
t
3

r=
ã -g 

-þ=

r=
ct-
þ=

r=
ct-
þ=

-0.78
t.29

-L.29

r=
ct-
þ=

-0.35
35.8
-0.06

0. 17
7.6
0.03

-0.6
t6 .8
-0.09

o .46
-._ 1 .r't
-L¡33
36.0

0.54
1.31

L5.2

-0.66
62.7
-0. t

-0. 86
37 .5
-0.12

-4.26
24.3
-0.06

-0.
?^J tr .

-30.

-0. 32
29.8

-29.6

0.87
0.16
0.002

0.23
0.44
0.001

0.30
0.39
0.53

continued
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APPENDIX 50 (continued)

Irrigation Temporal I
(n=4 )

Temporals II-IV
(n=7 )

Total fungal isolates
on total salts

Shoot fungal isolates
on shoot sal-ts

Root fungal isolates
on root salts

Total shoot fungal isolates
on divalent/monovalent
ratio

Total root fungal isolates
on divalent/monovalent
ratio

Fungal diversity on total
salts (roots + shoots) ...

Fungal diversity on
divalent/monovalent

r=
ë.

b=

r=
cl-
b=

r=
cl-

þ=

r=
cl -
þ=

-0.42
33.6
-0.04 3

0. 1t
13. 3
0.006

-0.83
2L.3
-0.14

0.57
7.5

17 .5

-0.92
L.32
0.005

0.86
-0.55
2.59

-0. t9
45.8
-0.04

-0.44
28.7
-0.07

0.11
16. 3
0.033

r
a
b

74
6
3

-0.75
2L.4

-L4.7

-0.
29.

-27 .

0.61
17.3
0.27

a=
b=

0. 17
0.29
0.001

0. 70
0.23
L.2l

r=
cl-

þ=

ratio
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APPENDIX 51. Analysis of variance for the total fungal iso-
lates on roots and shoots of Salicornia europ-
aea under various treatments ffiñomõT-
iãÇ-dates.

Treatment Source ss DF I{S F P

Control time
error

808.458
33.458

73.496
3.O42

11

1I
24.L60 <0.001

Sodium
nitrate time

error
t0l2 . 4 58

66.458
92.042
6.042

I1
11

L5.234 <0.001

Sea salts time
error

7 49 .L25
88.458

68.102
8.042

11

11

8.468 0.001

Irrigation 615.833
103.833

55.985
9 .439

time
error

11

II
5.931 0. 003



APPENDTX 52. Tota1 number of fungal
europaea under conÈrol

isolates on roots (R) and shoots (S) of
conditions over the collecting dates.

Salicornia
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APPENDIX 53. Total number of fungal isolates on roots (R)
europaea under sodium nritrate treatment over

and
the

shoots (S )
collecting

of Salicornia
dates.

26/E c/9 11 /9
t31öx r
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APPENDIX 54. lotal number of fungal isolates on
europaea under sea salts treatment,

roots
over

(R) and shoots (S) of
the collecting dates.

Salicornia
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APPENDIX 55. Total number of fungal isolates on
europaea under irrigation over the

roots (R) and shoots (S )
collecting dates.

of Salicornia

6/96/6 LI/G 27/6 3/1
RS R9

3l

l2

ll

¡121015

23/7
RS

6/8 11 /8
RS

9 lt t2 l{

56

I

Ls /7 26/ I
RS

L7 /9
RS

9/LO

RSTexâ

Àcremnlu furcatun F. at v. llorlau
Altêrntrla !lternåta (Fr.) x¡lc¡lcr

!. p€tro!lllnI (Ncerqarrd êx slmons) ¡t.8. Elllt
À. phrtqfiogpgrt vrn Enden

À. rlphrnl GroEs et Skolko
Ascochvtâ g!gg!93!! Rorter
Aur¿oballd1w pullulan! (Dê Bary) Ànrndl
cladolporlun hcrbrrun (PÊrr.) Llnk ax g.F. Grây

Fusrrlun trlclnctun (corda) sacc.
ltèrlla dark nyclllr
Phonå glonGrrÈa (cordal Polltn. Gt Fochàpfel
sterphyllu Þ*ryg $âIlE.
îlichodcmr koninqll Oudcn

Tot.l ñuribrr of l.ol¡t.t

RS

2t

RS RS

23

39

RS RS

l0 l5

79

l2

r0 15

I
2

I
a l53l0 t0 t5

45
0

726
3l

8712la

I

I

r\){
À

7

55
a

I

II
l0 0t

tt lt 1r l3 19 20 21 2t tr 2l 19 23 lt 2l tt ¡l
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APPENDIX 56. Analysis of variance for the total fungal iso-
lates on Salicornia europaea under various
treatrnents over the collecting dates.

Source SS DF Ir{S Pr

Treatments

Time

Error

68.167

515s .667

569.833

22.722

468.697

L7.268

1. 316

27 .I43

0.285

<0.001

3

11

33



APPENDIX 57.

Date

ConcentratÍons (meq. m1- x 10-2) of cations and anions in shoots and roots
of Salicornia europaea under control conditions.

Shoots Roots

SO 4
+ ++

Na Ca M9 cl =soqK+
++

6/6
13/6
23/6
3/7

Ls/7
23/7
6/8

L7 /8
26/8
6/e

L7 /e
e /L0

9.3
t4 .6
L6.2
18.3
38.0
27 .8
23.9
26 .6
23.L
2L.9
18.4
19 .6

41. 5

it.g
9r.9

15i.0

26.2
L2.6
13.1
Lcl.4

10.1
8.2

lct. 5

:to

3.8
7.
5.
5.

4.2
3.7
3.1
2.0

4.4
5.2
5.9
'l .8

13.7
9.0
7.0
6.2
6.5
6.4
7.5
8.7

0.9
0.8
0.5
0.7

1.3
1.4
1.1
1.6
r.2
L.7
1.5
1.6
0.9
0.8
0.9
0.8

0.4
0.6
0.5
0.8
0.5
0.4
0.8
0.5
0.5
0.6
0.4
0.5

2.0
2.6
3.9
4.6

5.'7
4.1
4.6
3.2
4.3
5.3

1.6
1.5
2.9
2.4
2.2
2.L
1.8
1.9
2.2
2.L
1.6

0.8 I.7 t

2.2 3.7 4.

7

9

7

5

3

3

3

6

3

5

6

9

0.5
1.1

2.3
4.2

9

I
0

5.1
4.8

1.1

2.8 2.3 2.
3.4 3.3.0

4.3

N)\¡
dr

16 .1
6.5

3.1
3.6
3.9
2.8
1.3
1.4

I
I
2

3.1
3.3

9

2

2

3

2

2.
)

3.6
3.4
2.5
1.0
0.6
1.0
0.5

3.3

2.
2.
5.
2.
3.
2.
1.
0.



APPENDIX 58.

Date
Na

Concentrations (meq. ml- x 10-2) of cations and anions in shoots and roots
of Saticornía europaea under sodium nitrate treatment.

Shoots Roots

Mg Cl SOq Na K+Ca Mg
++++

6/6
L3/6
23/6
3/7

L5/7
23/7
6/e

17 /8
26/8
6/e

L7 /e
e /r0

32.
39.
41.
48.9
37 .9
28.8
27 .4
25 .3
27.9
29.7

2.2
2.3
2.3
2.2
2.8

3.1
2

1

1.1
2.5
3.6
r.7
3.6
2.7
2.4
2.5
1.8
1.5
1.0
1.0

L.2
2.5
6.1
1.6
2.9
3.5
3.5
2.5
4.5
3.0
1.6
I.2

5i. 4

11.. 6

24,.3

Li,.g
17'. 3

l:t. 7

lct. I
lt.. I
13.6
11.. 4

9r .3
5i. 3

2.I
7.5
7.7
7.4
7.7
6.7
6.3
5.9
4.4
2.3

3.7
6.1

20.9
8.7
9.7
7.9
7.3
6.3
4.8
7.7
9.3

10. 5

0.7
1.3
2.0
2.6

1.9
1.8
1.4
1.0
1.0
0.8
1.0

Ca
+++++

K+
+

0.9
1.9

g.

23.

c1

L.7
3.1

12.7
8.6
9.3
7.L
5.6
6.9
5.9
5.3
4.5
5.7

SO'*

I
5

7

6

7

2.4 f\)\¡{

3

7

7

3

3

I
I
6

5

7

5

3

1.
1.
2.
3.
2.
2.
1.
1.
1.
I.
1.
1.

0.9
1.1
I.5
1.0
1.6
1.3
L.4
1.5
1.3
1.1
0.7
1.1

2.5

3.1
4.8

0.5
L.2
1.0
0.'7

0.8
1.0
0.8
1.3
0.9
0.7
0.6
0.6

2.6

6

9



APPENDIX 59. Concentrations (meq. ml.- x l0-2) of cations and anions in shoots and roots
of salicornia europaea under sea salt treatment.

Shoots Roots

+ ++Date

6/6
L3/6
23/6
3/7

L5/7
23/7
6/8

17 /8
26/8
6/e

L7 /e
e/Lo

Na
+

L0.2
2]..3
28.4
36.9
32.9
31.4
30. 3

27.8
25.7
24.L
2L.0
22.6

1.3
1.8
2.L
1.9
2.4
2.2
2.6
2.9
3.1
2.8
3.1
2.3

2.

3

3.

Ì.5
1.0
0.6
0.5

r.2
3.3
6.9
4.9
4.2

4.1
3.9
2.5

L.7

4.9
8.5

lti. 3

1:1. 6

t:t. I
1,t. I
1{1. 0

LtJ.2

9.3
10 .4

t6 .4
8.4

2.7
5.6
3.6
6.2
7.3
7.L
7.5
6.9
5.4
4.4
3.5
2.5

Na

3.5
7.0

18. 3

LL .2
10.5
11. 3

16.6
13.7
11.1
9.6

10. 9
8.8

0.8
1.1
1.8
2.0
2.6
2.4
4.6
l.g
1.4
1.0
1.9
1.0

1.1
1.5
2.L
2.0
2.3
r.9
1.8
1.6
2.6
1.8
1.0
1.1

0.6
1.1
2.0
r.4
1.1
0.8
1.8
0.8
0.7
0.6
0.8
L.2

2.0
3.4
8.7
7.4

9.6
7.6
6.8
5.6
6.2

SOt*

L.2
3.5
5.2
3.7
4.6
4.2
3.3
4.2
2.9
2.3
3.1
2.L

++
CaK+4K+ ca** ¡rg** cl- so Mg cl

2

4.0

I
I
5

6

N{
co

3.0
3.6
2.7

7.3
8.2
8.7

3.4

0.8
2.6



AppENDIX 60. Concentrations (meq. ml.- x 1O-2) of cations and anions in shoots and roots
of Salicornia europaea under irrigation.

Shoots Roots

Date
+ ++ c1 NA

+ ca** Mg** cl- SOr*Na K+

6/6
L3/6
23/6
3/7

L5/7
23/7
6/8

17 /8
26/8
6/e

17 /9
e /ro

9.7
11.7
15.0
19.s
20.0
23.9
20 .0
23. I
19. I
2L.0
L2.6
10.4

1.1

1.8
2.2

2.6

1.3
L.2
2.3
0.8

1.8
3.0
2.L
4.3
4.1
3.5
3.3

L.2
1.0
0.7
0.6

I
I

3.

2.8

2.6
l_. 3

4.8
5i. 9

Lr_. 8

L2t,.7

9) .4
5i .9

9.6
lcr. I
11.. 6

i'. I
L2t,.4

ir. 3

2.5
4.3
5.5
3.1
3.9
4.9
4.1

2.L
3.6
1.4
1.4

4.L
8.3

13.1
10 .9
9.0
5.2
6.7
7.8
5.2
4.7
7.4

0.6
0.8
2.2
2.6
1.8
1.8
1.9
1.5
2.L
0.9
1.0
0.5

0.9
1.0
0.7
2.7
r.6
1.0
0.9
0.6
0.5
2.O

2.3
1.3

0.5
0.5
0.4
L.7
1.6
0.8
0.8
0.6
0.8
0.4
0.5
0.4

2.I
5.1

L2.7
8.8
6.2
3.5
5.1
5.7
6.8
3.6
8.1
5.4

0.8
0.8
0.7
0.5
0.8
0.5
0.4

4soMgca**K+

6.2
7.4
5.9
3.1

2.3
2.4

1.0
L.731

N{
\o

L.I
1.0
0.8

7

3

4.5
r.2

I
3.9L.72.3

7.8



AppENDIx 61. Total number of fungal isolates on Atriplex patula under sod.ium nitrate
treatment.

Taxa

Alternaria alternata

tenuissima

Fusarium moniliforme

tricinctum

Mucor hiemalis

sterile dark mycelÍa

Trichoderma koninqii

T2 T3 Ta

L3/6 23/6 3/7
T1

6/6
r5

Ls/7

ñr6,

23/7
T7

6/8
Ts T9

L7/8 26/8
Tro Ttr
6/e L7/e

Ttz
e/L0

6s2L2116327710L2
A

F

2

26891814

8933
25 27 26 30

1

18

2

L2

Ì\)
@o

6 5

5

7

71

2

II 36
3

Total number of isolates 15 19 I 31 29 27 28 34 36 40 50 50



APPENDIX 62. Tot,al number of fungal isolates on Atriplex patula under sea salts treat-
ment.

Taxa

Alternaria alternata
A. raphani
A. tenuissima
Ascochyta chenopodii
Cladosporium herbarum
Dendryphiella arenaria
Fusarium moniliforme
F. tricinctum
Mucor hiemalis
Phoma qlomerata
Stemphylium botryosum
sterile dark mycelia
TrÍchoderma koninqii

Total number of isolates

T:¿ T3 Ta

L3,r5 23/6 3/7
T1

6/6
T5

Ls/7
r.6

23/7
L7

6/8
Tr o

6/e
Ts Ts

L7 /8 26/8
Trr Tlz

L7 /e e/ro

853181189s25272730

3 1

6

3

4

6

27 22

I 1
N)
@
P

2LL7
2

1

I 4

I

5

3

3

6

I

I
10

I

17t22I
5

1

453

18L26263127]-43031364043



APPENDIX 63. Total number of fungal isolates on Atriplex patula under irrigation.

Taxa

ALternaria alternata
A. raphani
A. tenuissima
Ascochyta chenopodii
CLadosporium herbarum
Drechslera halodes
Epicoccum l)urÞurascens
Fusarium tricinctum
Mucor hiemalis
Phoma gloirrerata
sterile dark mycelia
sterile white mycelia
Trichoderma koninqii

Total number of isolates

r1

6/6
1a

3/7
T7

6/8
Tr o

6/e
Trr

L7 /e
Ttz
e/Lo

T2 T3

L3/6 23/6
T5 T6

L5/7 23/7

mr8 rg
L7/8 26/8

6',t8 10

I
28 10 18 20 17 16 20 30

l-

1

7

2

3

5l. N
co
N)

5

1

611

2

3

4l

I
2

1

t07

39

TI

1557
5L72I

32
1

19 16 22 2L 28 26 32 32 37 39 43 39



APPENDIX 64.

CONTROL

SEA SALTS SODIUM NITRATE

SODTUM NITRÀÎE

ÏRRIGATION

Fungal species conunon to the nine different paired combinations of Atri-plex patula under vari,ous treatments.

Ì\,o(,

SEA SALTS

Alternaria al ternata
A. raphani
A. tenuissima
Ascochyta chenopodii
Fusarlum tricinctum

lia
Trichoderma koningaa

Alt,ernaria alte rnata
A.
Ã'.

ra anL
ten ss ma

Ascoch ta cheno podii

Mucor h iemalis:-_-Phoma qlõmeraTa
sËerrle dark myce
Trichoderma konin

1ia
qii

Alternaria alternata
A.t enut-ss
Fusarium Èric nctum
Muco r hiemaGTil e dark mycelia
Trichoderma koninqii

Alternaria alternata
A. tenuiss ma
Fusarium monili forme
E1 ricinc
Mucor hiemalis
sËer]-le dark myce
Trichoderrna konin

lia
gar

Alternaria alternata
maA. tenUISS J.

Fusarium monilifo rme
l¡ rLcl nctum
Mucó?-ffiõãìlïsEãir e rk mycelia
Trichoderma koningii

Alternaria alterna ta
A. raphani
A. tenGima

F. Èricin
Mucor
Þñõmã
Gpt

hiemalis

sumsterife clãFk
Trichoderma

-:

mycelia
koni!gii



ÀPPENDIX 65.

LEGEND

Number of fungal taxa :Ln common (a) , number of taxa present only on the
horizontally listed co¡rditions (b), number of taxa present only on the
vertically listed cond:ltions (c), and number of taxa not present on either
of the conditions (d) :Ln each of the nine conditions for Atripl"ex patula.

SEA SALTS SODIUM NTTRATE IRRIGATION

CONTROL

SEA SAT1IS

SODIU¡4 NITRÀTE

IRRIGATTON

N)
@
À

b

d

a

9

4

4

1

10

3

3

2

6

I

7

4

11

2

2

3

7

0

6

5

7

6

0

5
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APPENDTX 66. Principal component anarysis coordinates der-ived from the total number of fungal isolates
on AtriÞlex patula under sodium nitrate treat-ment. The total number of isolates is extrac-
ted from Appendix 61 in this dissertation.

Coordinates
Point Axis t A:<is 2

I

2

3

4

5

6

7

I

9

t0

1l

L2

-4.76L7355

-3.903057I

-2.9031333

-2 . 445237 8

-2.2LI5283

0. 537 8637

-0.185194I

L.249 6163

2.8765L04

3.6948629

3.2253325

4.8257002

0.04766L9

-0.8605253

-L.2569233

2.I444765

2.0098245

0.4404100

-1 . 5 820970

-2.4037386

0. 18 34665

-0 . 337106 I
1.057L634

0. s573882

Origin is at x = 6.2088172 and y = -9.701276g



APPENDIX 67.

286

Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Atriplex patula under sea salts treatment.
The total nu¡nber of fungal isolates is extrac-
ted from Appendix 62 in this dissertation.

Coordinates
Point Axis 1 Axis 2

I

2

3

4

5

6

7

I

t

-2.01227 49

-2.720232L

-3.2429039

1.0968591

-0.9831714

-2.68L4L27

-L.6277 466

-3.496 1501

â I 
^ã^-^-J.röt¿ovt

3.7041801

3.9986125

4.7769793

1.0007804

-0.8548143

-0.9385139

-0.7984247

-1. 6355168

4.0265733

-0.4052768

-1.1065183

u.)9tIó.t¿

o.270 1114

-0.0156579

-0.1 345267

10

1l

L2

Origin is at x = -$.2088L72 and y - -Q.7536256
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APPENDIX 68. Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Atriplex patula under irrigation. The to-

f fungal isolates is extractedtal number o
from Appendix 63 in this dissertation.

Coordinates
Point Axis I Axis 2

I

2

3

4

5

6

7

I

9

-3.268r873

-1.8213807

-1.6007 430

-L.9262L70

4.09 34236

-0.7 468623

L.545220L

L.2852552

-L.26 864 00

-2.L023493

l. I886061

4.62L87 45

0.1s40360

-1. 8234133

-2.L9 8s906

'0 .49 42567

0.7 4s2676

-3.5 880207

-I.3304270

-0.2082790

3.2672784

4.0140006

-0.4664832

0. 940 37 44

t0

11

L2

Origin is at x = 9.3L32258 and y = 1.1447507



APPENDIX 69. Total isolates, f requen'cy , sguare root of frequencY , occurrenee, distribu-
tion intensitY index ânid dominance function of various fungal taxa from
Atriplex patula under s;odium nitrate treatment.
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APPENDIX 70. Total iso
tion inte
Atriplex

lates, frequenCY, Square root of frequency, occ-urrence, distribu-
nsity index and-dominance iunction of various fungal taxa from
patu-Ia under sea salts treatment'
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APPENDIX 72. Total number of fungal isolates on Suaeda depressa under sodium nitrate
treatment.

Taxa
I2

L3/6
T3

23/6
¿4

3/7
T5

rs/7
T6,

23/7
T7

6/8
rg

17 /8
rg

26/8
Tro
6/e

Tt r

t7 /e
Ttz
e/Lo

33
52
I
113

6

4

4

2

2

Alternaria alternata 3

dennisii

Cladosporium herbarum

Fusarium moníliforme

F. trÍcinctum

Mucor hiemalis

Phoma glomerata

sterile white mycelia

fotal number of
isolates

3 5 2 4 91827

5

5

727302926
3 5

6

426

3

16

10

N'
\o
H

4

7

1

Stemphylium botryosum

I

7

4

14 16 22 26 10 32 36 38 39 53 53



APPENDIX 73. Tota1 number of fungal isolates on Suaeda dePressa under sea salts treat-
ment.

T2

L3/6
T3

23 /6
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3/7
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L7
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L7 /e

Tr z

9/LoTaxa
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Cladosporium herbarum
Dehdryphiella areharia
Fusarium tricinctum
Mucor hiemalis
Phoma qlomerata
Stemphylium botryosum
sterile dark mycelia
sterile white mycelia
Trichoderma konínqii

Total number of
isolates

3 3 3

3

2

3

2

6 2

4

5L5L227303030
â
å
å

5

2

I

2

3

1

3

I
6

2

N)
\o
l\.,
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I
44

I

4

2

I

5

2

4

3

1

4

3

I
4

2

4 6

I 13 1

I 2

5I3

7 5

I

11 12 29 29 11 33 29 35 41 40 50



APPENDIX 74. Total number of fungal- isolates on Suaeda depressa under irrigation.

Taxa

Alternaria alternata
À. citri

dennisii

A. tenuissima
Ascochyta chenopodii
EÞicoccum purÞurascens

Fusarium tricinctum
Mucor hiemalis
Phoma glomerata

sterile dark mycelia
Trichoderma koninqii

Total number of
isolates

T2

13/6
r3

23/6
Ta

3/7
T5

Ls/7
r6

23/7
T7

6/8
rg

17 /8
Te

26/8
Tr o

6/e

5

Trr
17 /9

Ttz
e /Lo

4 6

3

5 6

4

2

416

2

I

I 2 tl
5

82IL720293026
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3IA

t32

4

2

2

4

5

2

1

4

6

1
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\o(,

I
2

2

6

4

6
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5

4

I

Stemphylium botryosum 4

11 L2 20 28 20 31 37 35 40 41 40



APPENDIX 75. Fungal. species conmon to the nine different paired combinations of suaeda

depiessa under various treatments.

SEA SALTS SODIUM NITRATE IRRIGATION

SEA SALTS

CONTROL

N)
\o
È

Alternaria alternata
A
A
Ã

c rI
. ã'õãlisii
. tenu l"ssLma

Ascoch¡¡le chenopodii
nplCoccum urascens
Fusarium tr l-c nctum

iemalis
ffioma lotnerata

um sum
ster õ r myce a
Trichoderma koningii

Alternaria' alternata
A rL
Ã. ffin-isii
A . tenu r-ssl-ma
Ascoch ta ch

usar umtäElnctum
Mucor hiemalis
Phoma glomerata
ffi-phv lium botryosum
sterile dark myce lia
Trichoderma koningii

Alternaria alternata
A l_1
Fusarium tr cinctum
Mucor hiernalis
Phorna
Stem-pf¡

glotnerqta
VIIum botryosum

A,Iternaria alternata
4,. denn Þ al-

Mucor hiemalis
Iñoma ffiffia
StemPhvlium botrYosum
sterile white mycell-a

trrlternaria alternata
¡r. dennisi
cla@m herbarum
Fusarium tri-cinctum
l'lucor hiema lis
iEõffi fñmeraEa

botrvosum
te mycelia

l-um
s; r e

AIternaria alternata
A.c tri
Ã. ffisii
A . tenuLssrma
Ãs cochyta chehopodii
Cladospor ium herbarum
Fusarium tri cinctum
Mucor hi s
Þñomã glomerata
ffi-ptrv lium botryosum
sterile dark myce 1ia
sterile white mYcelia
Tr ichoderma koninqii

SODIU¡4 NITRATE



APPENDTX 76.

LEGEND

Number of fungal taxa in conmon (a) , number of taxa present only on the
horizontally iiste¿ conrditions (b), number of taxa present only on the
lerticalty iisted condi,tions (c) , and number of taxa not present _on either
ofthecoñditio''"(d)ineachofthenineconditionsforSuaedadæ..

SEA SATTS SODIUM NITRATE IRRIGATTON

CONTROL

SEA SALI'S

SODIUM NÏTRÀTE

IRRIGATTON

f\)
ro
(¡

b

d

a

c

T2

1

5

2

11

2

3

4

6

7

3

4

9

2

I

I

6

3

I

I

13

I

4

2
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APPENDIX 77. Principal component analysis coordinates der-
ived fiom the total nr¡mber of fungal isolates
on Suaeda depressa under sodium nitrate treat-
menffieËãfn'umber of fungal isolates is
extracted from Appendix 72 in this disserta-
tion.

Coordinates
Point Axis 2A:ris I

I

2

3

4

5

6

7

I

9

10

11

-4.4490978

-4.5665627

-4.3891785

-0.43219ls

-2.0453673

4.L693281

5.0902157

4.77 47323

3.8226589

-2.5773287

o.60279L5

-2 .00 35622

-r.4540914

-2.2448I85

-2.L028249

-L.89Ls276

-r.4562857

-r.4491460
, ^ ^^ â

-u.f l.*vö¿J

0. 3160 369

7.2L85I27

5.6417890

origin is at x = -1.6933138 and y = -f'6933138



APPENDTX 78.

297

Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Suaeda depressa _under sea salts treatment.
the-toãI ñffier of fungal isolates is extrac-
ted from Appendix 73 in this dissertation.

Coordinates
Point Ðris 1 Axis 2

I

2

3

4

5

6

7

I

9

10

11

-3. s377034

-3.623L236

-4.2s38015

-4.5564833

-2.8925L65

0. 3595830

-0. 8579510

4 . 186 9443

5 .0185266

4 .8825636

5.27396L8

-1.5990986

-0.4 484269

1.2387947

2.7220387

*r.1435883

-1.170 3997

-0. 930641r

0.0634504

0. 3681169

0. 39 tL726

0.50 8s813

Origin is at x = 3.3866276 and y = -$.8898973
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APPENDIX 79. Principal component analysis coordinates der-
ived from the total number of fungal isolates
on Suaeda depressa under irrígation. The to-
talffirffiÇ'al isolates is extracted
from Appendix 74 in this dissertation.

Coordinates
Point Axis I Axis 2

I

2

3

4

5

6

7

I

9

10

11

-3. 34 48990

-3.1611659

-3.7 484426

-4 .39 88629

-2.6348690

r. 80500 85

L.2507LLz

1.8176006

4.4281088

4.7336506

3.2s31598

-1.8770490

-0.7837296

-0. 19 3457 0

3.2847276

-0.3660943

-0.1875331

-0 . 86 28954

-0.5r83L44

0. 50 37968

0.5925495

0 . 40 79989

Origin is at x = 1.6933138 and y = -8.4665689
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