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Abstract. Ten isolates of six species of ectomycorrhizal 
fungi were grown in vitro at nine concentrations of three 
sodium salts (NaC1, Na2SO4, Na3C6HsO7) for 4 weeks. 
Colony diamater, biomass and protein content of fungi 
were evaluated. Isolates of Pisoli thus tinctorius and 
Suillus luteus were more tolerant of NaC1 and Na2SO4 
than of Na3C6HsO7. Fungi in the genera Cenococcum,  
Laccaria, and Thelephora were highly intolerant of 
Na3C6HsO7 and Na2SO4 in vitro. Biomass and protein 
content of fungi generally declined with increasing sub- 
strate salinity in solution culture. In situ ectomycorrhi- 
zal colonization by Laccara laccata and P. tinctorius 
and the dry weight of Pinus  taeda seedlings were signifi- 
cantly reduced by 80 mM NaC1 after 14 weeks. Only se- 
lect ectomycorrhizal fungi appear capable of growth and 
symbiosis in saline soils. 

Key words: Pisoli thus tinctorius - Laccaria laccata - Ce- 
nococcum geophi lum - Thelephora terrestris - Salt 
stress 

Introduction 

Saline soils occupy approximately 7% of the earth's 
land surface and agronomic and forest crop production 
of these sites is relatively low (Yeo 1983; Barrett-Len- 
nard et al. 1986; Jain et al. 1989). Properties of saline 
soils which inhibit or reduce plant survival and develop- 
ment include unfavorable pH, imbalance of essential ca- 
tions and anions, and altered soil structure and texture 
which reduce aeration and water holding capacity 
(Abrol and Sandhu 1985; Bettenay 1986). The introduc- 
tion of mycorrhizal fungi on some of these sites with un- 
favorable saline soil conditions may improve early plant 
survival and growth (Reddetl et al. 1986; Jain et al. 
1989; van der Moezel et al. 1989). 

The salt tolerance of selected plant genera has been 
evaluated in controlled experiments (Sands and Clarke 
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1977; Greenway and Munns 1980; Reddell et al. 1986; 
Hennessey et al. 1989). However, in many of these stud- 
ies, plants were supplied with adequate mineral nutrients 
and grown hydroponically or in artificial soil media 
(Yeo 1983). The effects of salinity on some symbiotic re- 
lationships (e.g., actinorrhizal or legume Rhi zob ium  
symbioses) have been assessed in a preliminary manner 
(Reddell et al. 1986; Marcar et al. 1991). 

Plants relying on symbiotic relationships for ade- 
quate mineral nutrition and water uptake may differ in 
salt tolerance, depending on host and symbiont toler- 
ance to soil salinity (Reddell et al. 1986; Perry et al. 
1987; Marcar et al. 1991). The relative sen,;itivity of 
symbiotic fungi and host feeder roots to sodium salts, 
individually or as their composite ectomycorrhizal asso- 
ciation, have not been evaluated. In addition to negative 
impacts on the host plant, extreme soil salinity could ad- 
versely affect mycorrhizal propagules in the rhizosphere, 
fungal colonization of feeder roots, and/or ectomycor- 
rhizal structure and function (Reddell 1986; Hennessey 
et al. 1989). Preliminary investigations suggest rhizos- 
phere organisms may be influenced by salt accumulation 
in soils (Barrett-Lennard et al. 1986). For example, the 
Basidiomycotina, a class with many ectomycorrhizal 
fungi, are highly intolerant of salt stress in vitro (Tresn- 
er and Hayes 1971). Salt tolerance may be important to 
the long-term survival, reproduction and spread of 
mycorrhizal fungi in saline soils (Perry et al. 1987; Jain 
et al. 1989). 

The purpose of this study was to evaluate: (1) the in- 
fluence of sodium salts on the survival, growth and me- 
tabolism of ten isolates of ectomycorrhizal fungi in vi- 
tro, and (2) the in situ salt tolerance of the loblolly pine 
(Pinus taeda L.) inoculated with select ectomycorrhi- 
zae. 

Materials and methods 

The effect of salinity on ectomycorrhizal fungi was evaluated us- 
ing three methods: (1) an in vitro study of fungal colony growth; 
(2) an in vitro analysis of fungi biomass production and protein 
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Table 1. Ectomycorrhizal fungi used in experiments in vitro and in situ 

Isolate Isolate Source and isolation date 
n o .  

Genococcum geophilum (Cg) 146 
Fr. 

Laccaria laccata (L1) 
(Scop.: Fr.) 

Pisolithus tinctorius (Pt) 
(Pets.) Coker & Couch 

Suillus luteus (S1) 
(L.: Fr.) S. F. Gray 

S. tomentosus (St) 
(Kauff.) Sing., Snell&Dick) 

Thelephora terrestr# (Tt) 
(Ehrh.) Ft. 

155 

256 

250 

301 

1 

244 

1088 

1 

223 

Quercus alba, Md., USA, isolated by E. Hacskaylo from ectomycorrhiza 

Quereus alba, Md., USA, isolated by E. Hacskaylo from ectomycorrhiza 

Pseudotsuga menziesii, Oreg., USA,  isolated by R. Molina 

Pinus taeda, Ga., USA, isolated by W. Daniel from sporocarp tissue 

P. taeda, Ga., USA, isolated by D. Marx from sporocarp tissue 

Pinus banksiana, Minn., USA, isolated from ectomycorrhiza by R. Dixon 

Pinus nigra, Me., USA, isolated by W. Otrosina from sporocarp tissue 

Pinus resinosa, Minn., USA, isolated by E. Stewart from sporocarp tisue 

Pinus resinosa, Minn., USA, isolated by E. Stewart from sporocarp tissue 

Pinus oearpus, Brazil, isolated by T. Krugner from ectomycorrhiza 

content; and (3) an in situ assessment of ectomycorrhizal coloniza- 
tion of loblolly pine (P. taeda L.). The ectomycorrhizal fungi used 
in the experiment and their cultural history are listed in Table 1. 
Loblolly pine was chosen as the host plant because of its known 
compatibility with the fungi tested and its widespread distribution 
on a variety of soil series worldwide. The fungi were selected for 
their potential utility in revegetation or reforestation programs, 
especially on substandard soils (Jain et al. 1989; Marx et al. 
1991). 

In  vitro co lony  analyses 

The test fungi were cultured on modified Melin-Norkrans medium 
(MMN) (Marx 1969). MMN contains 0.05 g CaCI2, 0.025 g NaC1, 
0.5 g KHzPO4, 0.25 g (NH4)zHPO4, 0.15 g MgSO4"7H20, 1.2 ml 
of 1% FeC13, 100 ~tg thiamine HC1, 3 g malt extract, and 10 g glu- 
cose per liter of distilled water. Agar was added to the MMN for- 
mulation at a concentration of 15 g/1. After autoclaving, the pH 
of the agar substrate was 5.5 to 5.7. Fungi were passed through 
loblolly pine seedlings and maintained on MMN medium prior to 
initiation of the experiments (Marx and Bryan 1975). 

A factorial experiment was employed: ten isolates of ectomy- 
corrhizal fungi were treated with three sodium salts at nine salt 
concentrations. Treatment combinations were replicated four 
times. Sodium chloride (NaC1) sodium sulphate (Na2SO4), and so- 
dium citrate (Na3C6HsO7) were the test salts. Selection of test salts 
was based on prior experiments with fungi in the Basidiomycotina 
(Tresner and Hayes 1971) and occurrence of these salts in saline 
soils (Barrett-Lennard et al. 1986). In addition to the control, salts 
were added to MMN agar medium at eight concentrations, (10, 
20, 30, 40, 60, 80, 100 and 120 mM). The range of salt concentra- 
tions tested was based on prior experimentation with rhizosphere 
organisms (Reddell et al. 1986; Marcar et al. 1991) and field as- 
sessments of soil salinity (Barrett-Lennard et al. 1986). 

In each plate, two 6-mm diameter discs of mycelium agar ino- 
culum were placed on agar MMN and incubated in darkness at 
28 ~ (Tresner and Hayes 1971). Colony diameter growth of fungi 
was measured weekly. The experiment was terminated after 4 
weeks. 

In  vitro analysis in solut ion cul ture  

Biomass and protein content of the ectomycorrhizal fungi were 
evaluated in vitro in MMN liquid culture (Marx 1969). Protein 

content was monitored as a relative index of fungal metabolism 
(Tresner and Hayes 1971). The experimental design was factorial: 
three isolates of fungi [Pisolithus tinctorius (Pt) 250, Suillus luteus 
(S1) 1088 and Thelephora terrestris (Tt) 223], three sodium salts 
(NaC1, Na2SO4, and Na~C6HsOv) and three salt concentrations (0, 
30 and 120 raM). Each treatment combination was replicated four 
times. 

Two 6-ram diameter discs of the test fungi were placed in ster- 
ile incubation vessels. Each vessel contained 100 ml of MMN li- 
quid medium treated with the sodium salt solutions. Cultures were 
incubated at 28 ~ 4 weeks. At the end of the experiment, myce- 
lium was harvested to determine dry weight and water soluble pro- 
tein content (Lowry et al. 1951). 

In  si tu analyses 

Vegetative mycelial inocula of T. terrestris 223, P. tinctorius 301 
and L. laccata 256 were produced using methods described by 
Marx and Bryan (1975). The three fungi were passed through lo- 
blolly pine and maintained on MMN agar prior to inoculum pro- 
duction. The inoculum was produced in the peat moss-vermiculite 
matrix containing MMN solution in 2-1 jars for 14 weeks. The ino- 
cula was thoroughly leached before adding to the growth medium 
of seedling containers. The vegetative mycelial inoculum was 
mixed into the growing medium at a ratio of 1 : 25 (v/v) (Marx et 
al. 1991). 

Seedlings of loblolly pine (P. taeda L.) were grown in 2-1 pots 
containing a sandy loam soil using methods described by Dixon 
and Hiol Hiol (1992). The experimental design was a factorial ar- 
rangement of these fungi treatments and five salt treatments: 0, 
20, 40, 60 and 80 mM of NaC1 assigned to randomized blocks. 
Salts were applied as a solution to growth medium in weekly appli- 
cations using methods described by Reddell et al. (1986). Each 
treatment combination was replicated seven times. Growth me- 
dium pH was 4.8-5.0, with a cation exchange capacity of 
3.45 meg/100 g, an organic matter content of 1.5%, and P, NO3, 
NH4, Fe, Mn, Zn, B, Mo and Cu contents of 6, 2, 6, 3, 1, 0.3, 
0.04, 0.01, and 0.1 ppm, respectively. 

The study was implemented in a glasshouse using methods de- 
scribed by Dixon and Hiol Hiol (1992). Daily photoperiod and 
photosynthetically active radiation (PAR) were 14 h and 
800 ~tE. m 2. s, respectively. Ambient temperature and relative hu- 
midity ranged from 22 to 32 ~ and from 45 to 90%, respectively. 



Seedlings received deionized water as needed and were fertilized 
with half-strength Hoagland nutrient solution weekly (Hoagland 
and Aron 1950). 

The study was terminated after 14 weeks and plants were har- 
vested. Seedling root and shoot weight were measured after oven 
drying (75 ~ 72 h). Ectomycorrhizal colonization of seedling pri- 
mary lateral roots was quantified using methods described by 
Marx et al. (1991). The percentage of ectomycorrhizal inoculation 
was computed as a ratio of the colonized lateral roots to total lat- 
eral roots (Dixon and Hiol Hiol 1992). The presence of a Hartig 
net was confirmed following microscopic examination of ectomy- 
corrhizal short roots excised from seedling lateral roots. 

Data from the three studies were subjected to analysis of var- 
iance and Duncan's multiple range test. 

Results 

In vitro colony analysis 

The  g rowth  o f  e c tomycor rh i za l  fungi  va r i ed  widely  wi th  
increas ing NaC1 concen t ra t ions  (Table  2). To le rance  to  
NaC1 var ied  s igni f icant ly  wi th in  a species and  be tween  
isolates  o f  the  same species.  F o r  example ,  S1 1088 had  a 
s igni f icant ly  larger  co lony  d i ame te r  c o m p a r e d  to S1 234 
and  S1 244. A t  30 to  120 m M  NaC1, to le rance  o f  fungi  
was as fo l lows:  P t  301 > P t  250 > S1 1088 > S1 234 > 
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St > LI > Tt  > Cg. In some t r ea tmen t s  low concen t ra -  
t ions  o f  NaC1 s t imula ted  the  g rowth  o f  the  test  fungi .  

The  effect  o f  Na2SO 4 on  d i f fe ren t  ec tomycor rh iza l  
fungi  was s imilar  to tha t  o f  NaC1 with few except ions  
(Table  3). Na3C6HsO7 s ignif icant ly  r educed  co lony  
g rowth  o f  the  test  e c tomycor rh i za l  fungi  c o m p a r e d  to 
NaC1 and  Na2SO4 (Table  4). The  a d d i t i o n  o f  
Na3C6HsO7 to the  g rowth  m e d i a  v i r tua l ly  inh ib i ted  fun-  
gal  g rowth  at  concen t ra t ions  grea ter  t han  30 raM.  

In vitro analysis in solution culture 

The  dry  weight  o f  Pisolithus, SuilIus and  Thelephora 
isolates  g rown in l iquid  cul ture  va r ied  s ignif icant ly  with 
the  type  o f  sod ium salt  and  concen t r a t i on  (Table  5). My-  
celial  d ry  weight  o f  P t  250 was grea ter  than  S1 1088 at  
120 m M  NaC1. In  the  Na2SO4 t r ea tmen t ,  myce l ia  d ry  
weight  o f  P t  250 and  S1 1088 did not  va ry  s ignif icant ly .  
The  dry  weight  o f  Tt  223 was s ignif icant ly  reduced  by 
NaC1 and  NazSO4 re la t ive  to  the  o ther  fungi .  In  the  
Na2C6HsO7 t r ea tmen t ,  the  dry  weight  o f  all test  fungi  
s igni f icant ly  decreased  with  increas ing salt  concen t ra -  
t ions .  

Table 2. In vitro colony diameter growth (mm) of ten ectomycorrhizal fungi after 4 weeks on MMN media with nine concentrations of 
NaC1. Means followed by a common letter within a row are not significantly different by Duncan's multiple range test (P= 0.05) 

NaC1 (mM) 

Isolates 0 10 20 30 40 60 80 100 1213 

Cg 146 18.5a 14.8ab 15.5ab 14.0b 15.5ab 17,0ab 14.5ab 15.3b 13.8b 
Cg 155 14.5ab 14.8a 15.5a 15.0a 15.3a 16.3b 15.5a l l .3b - -  
L1 256 14.8cd 19.3a 18.8ab 17.5abc 29.3a 17.8abc 14.3d 18.3abc 13.0d 
Pt 250 61.8ab 60.0c 64.8abc 65.0ab 54.8d 55,8d 57.8cd 64.3abc 67.0a 
Pt 301 64.8ab 65.0a 62.0abc 59.8cd 61.0bcd 64.8ab 58.8cd 62.0abc 53.3d 
S1 1 17.5b 19.3b 16.5b 24.5a 16.5b 16.3b 18.8b 18.8b 19.0b 
S1 244 15.3b 13.3b 15.8b 16.8a 17.3a 15.8ab 19.7a 17.0a 15.8ab 
SI 1088 68.8cd 72.8a 73.5a 71.5a 71.8a 70.3a 58.5d 62.0a 44.8d 
St 1 21.0b 20.3b 20.0b 21.5ab 21.8ab 23.8a 24.0a 25.0a 18.8b 
Tt 223 37.0a 34.5ab 29.8a 28.0c 22.0d 19.2d 13.8c 28.5c 14.0d 

Table 3. In vitro colony diameter growth (mm) of ten ectomycorrhizal fungi after 4 weeks on MMN media with nine concentrations of 
Na2SO4. Means followed by a common letter within a row are not significantly different by Duncan's multiple range test (P= 0.05) 

NazSO4 (mM) 

Isolates 0 10 20 30 40 60 80 100 120 

Cg 155 I7,3a 16.3a 15.0a 13,0a 12.0a 9,3b 9,8b 9.8b 7.0b 
L1 256 17.0a 15.8a 15.3a 15.8a 12.3a 15.5a 11.7ab 12.0a l l .3b 
Pt 250 75.3a 56.8cd 58.5bc 63,3b 51.3d 46,8d 39.3d 47.0d 32.8d 
Pt 301 67.0a 60.0b 54.8bc 51,8c 51.8c 53.5c 50.5c 52.8d 51.0c 
S1 244 25.3b 19.8c 21.5c 59.8cd 24.0bc 23.5c 25.3b 32.3ac 29.5ab 
S1 1 23.8b 22.8b 18.8c 20.3bc 26.8a 31.8b 26.0a 25.0ab 19.0c 
S1 1088 64.8bc 44.8d 50.5d 56.5d 60.5cd 70,3a 69.5a 68.5a 66.0ab 
St 1 18.5a 18.3a 18.3a 18.3a 19~a 23.5a 22.3a 22.8a 22.8a 
Tt 223 34.0a 29.8ab 30.0a 25.3bc 22,8c 22,5c 22,0cd 18.5d 18.0d 
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Table 4. In vitro colony diameter growth (mm) of ten ectomycorrhizal fungi after 4 weeks on MMN media with nine concentrations of 
Na3C6HsO7. Means followed by a common letter within a row are not significantly different by Duncan's multiple range test (P= 0.05) 

NasC6HsO7 (mM) 

Isolates 0 10 20 30 40 60 80 100 120 

Cg 146 19.8a 8.0b 7.0b 7.0b 7.0b 7.0b 7.0b 7.0b 7.0b 
Cg 155 18.3a 8.0b 7.0b 7.0b 7.0b 7.0b 7.0b 7.0b 7.0b 
L1 256 18.3d 32.8b 40.5a 41.5a 37.3ab 30.5c 34.3b 32.5bc 24.3d 
Pt 250 75.0a 72.5a 55.8b 36.0c 25.3d 16.3d ll.3d 9.3d 9.0d 
Pt 301 59.0a 56.5a 55.0a 42.3b 26.3c 16.5d 12.0d 10.3d 8.8d 
Sll 16.0c 24.8a 25.5a 21.8ab 18.5bc 13.0c ll.3cd 9.5d 8.3d 
S1 244 20.8d 36.8a 34.3ab 35.0a 29.5bc 27.3c 20.5a t8.5d 15.8d 
S1 1088 61.5b 76.3a 70.0ab 63.3b 45.0ac 12.0d 10.5d 8.0d 7.0d 
St 1 20.8bc 31.3a 21.7b 23.8b 21.5b 15.5cd 13.8d ll.3d 18.8d 
Tt 233 39.5c 58.5a 45.5b 33.3d 16.5d 8.8d 8.0d 7.3d 7.0d 

Table 5. Biomass (mg) of ectomycorrhizal fungi grown in vitro 
with three concentrations of different sodium salts. Means fol- 
lowed by a common letter within a column are not significantly 
different by Duncan's multiple range test (P=0.05). Tr, Trace 
amount 

Salt 

Species Concentration NaC1 NaaSO4 Na3C6HsO7 
(mM) 

Sl 1088 0 35cd 60a 47b 
30 47bc 49ab 47b 

120 49b 51a 3d 
Pt 250 0 63b 50a 42b 

30 70a 65a 85a 
120 82a 35bc 39bc 

Tt 223 0 16d 16d 17cd 
30 19d 14c Tr 

120 18d 20c Tr 

The soluble protein content of  S1 1088 and Tt 223 
mycelia increased with increasing levels of  NaC1 and 
Na2SO4, whereas the protein content of  Pt 250 de- 
creased at 120 mM NaC1 or Na2SO4 (Table 6). In the 
Na3C6H507 treatment, the protein content of  the fungal 
isolates varied widely. 

In situ analysis of  ectomycorrhizal relationships 

P. taeda seedlings inoculated with P. tinctorius, L. lac- 
cata, and T. terrestris developed abundant ectomycor- 
rhizae in the absence of  sodium salts (Table 7). Ectomy- 
corrhizal colonization by T. terrestris was significantly 
reduced when the salt concentration exceeded 40 mM. In 
contrast, ectomycorrhizal development of  P. taeda by 
P. tinctorius and L. laccata was not reduced until 
growth medium solution salt concentrations increased to 
80 raM. 

The dry weight of ectomycorrhizal P. taeda seedlings 
peaked at 20-40 mM salt (Table 7). Growth medium salt 
concentrations greater than 60raM reduced the dry 

weight of  seedlings colonized by all three fungi. Seedling 
phosphorus concentration was greater in plants inocu- 
lated with P. tinctorius and L. laccata. The phosphorus 
concentration of seedlings significantly declined when 
soil solution salt concentrations were 40-60 raM. 

Discussion 

The in vitro salt tolerance of  the test fungi varied signif- 
icantly. The genera Pisolithus, Laccaria and Suillus ap- 
peared more tolerant of  sodium salts than Thelephora 
or Cenococcum. In prior studies, genera within the As- 
comycotina and Basidiomycotina were uniformly into- 
lerant of sodium salts including NaC1 (Tresner and 
Hayes 1971). In contrast to earlier assessments, differ- 
ences in salt tolerance of  isolates within a species were 
apparent in this study. The presence of  NaC1 actually 
stimulated colony growth of  some test fungi. 

The morphological and physiological mechanism(s) 
of salt tolerance in soil-borne fungi have not been eluci- 
dated (Griffin 1977; Hennessey et al. 1989). In this 
study, fungal species with relatively thick, well-develop- 

Table 6. Protein content (~ of ectomycorrhizal fungi grown in 
vitro with three concentrations of three different sodium salts. 
Means followed by a common letter within a column are not sig- 
nificantly different by Duncan's multiple range test (P= 0.05) 

Salt 

Species Concentration NaC1 Na2SO4 Na3C6H~O7 
(mM) 

S1 1088 0 0.13b 0.09c 0.06a 
30 0.26b 0.I3c 0.4b 

120 0.63b 0.54b 0.5b 
Pt 250 0 1.13ab 0.85b 0.25b 

30 1.59a 1.65a 1.88b 
120 0.15b 0.68b 0.51b 

Tt 223 0 0.21b 0.37c 0.28b 
30 0.27b 0.37bc 0.01a 

120 0.41b 0.41b 0.01a 
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Table 7. Dry weight and ectomycorrhizal colonization of lobiolly pine seedlings inoculated with three fungi and grown at five NaCI 
concentrations. Means followed by a common letter are not significantly different by Duncan's multiple range test (P= 0.05) 

Seedling 
Ectomycorrhizal 

Ectomycorrhizal fungi NaCI Dry wt (rag) P 070 colonization (o70) 

Thelephora terrestr~ 0 281ef 0.22bc 42a 
20 319cd 0.24b 39ab 
40 283ef 0.20c 16ef 
60 261f 0.22bc l l f  
80 282ef 0.23bc 9f 

Pisofithustineto~us 0 300de 0.24bc 37abc 
20 35lab 0.29a 21e 
40 398a 0.26a 30cd 
60 329bcd 0.27a 22e 
80 256f 0.28a 24de 

Lacca~alaccata 0 296de 0.25ab 36abc 
20 341bc 0.27a 30cd 
40 395a 0.28a 29cd 
60 307de 0.29a 22e 
80 216g 0.27a 32bcd 

ed cell walls such as C. geophilum were highly sensitive 
to salts. Isolates with relatively thin cell walls (e.g., Lac- 
caria) were generally tolerant of  salt stress. Thus, mor- 
phological characteristics alone do not appear to be a 
primary factor in salt stress tolerance (Brownlee et al. 
1983). 

Studies of salt tolerance in plants reveal several 
mechanisms for NaC1 exclusion from roots and, to a 
lesser extent, compartmentalization of  salts in cell walls 
or vacuoles of root  and shoot tissue (Greenway and 
Munns 1980; Yeo 1983; Reddell et al. 1986). Foster and 
Sands (1977) observed salt deposits in hypodermal cells 
of  needles in salt-stressed radiata pine (Pinus radiata). 
Similarly, Reddell et al. (1986) and Dixon (1988) ob- 
served that Frankia and Suillus species compartemental- 
ized salt and toxic metals in vacuoles and cell walls, thus 
partially excluding these agents from metabolic path- 
ways. The reduction in protein content of  salt intolerant 
fungi in this study suggests that salinity influenced cyto- 
plasmic metabolic activity (Greenway and Munns 1980; 
Yeo 1983). 

Mexal and Reid (1973) observed that salt content in- 
fluences osmotic properties of the fungal substrate. In- 
creasing salt content enhances the water potential of the 
substrate and reduces growth of fungal colonies (Mexal 
and Reid 1973; Griffin 1979; Wilson and Griffin 1979). 
The salt concentrations tested in this study may have in- 
fluenced the water potential gradient of the substrate to 
fungi. Ectomycorrhizal fungi and other rhizosphere or- 
ganisms have demonstrated metabolic activity at water 
potentials which wilt the host plant (Mexal and Reid 
1973; Hennessey et al. 1989). Shemakhanova (1967) and 
Mexal and Reid (1973) suggested that fungus tolerance 
of  salt stress and tow water potential may involve cyto- 
plasmic osmoregulation. 

Compartmentalized accumulation of  salts in vacuoles 
and cell walls in ectomycorrhizal fungi and Frankia sug- 
gests these organisms have the capability to compensate 
for shifts in osmotic potential (Yeo 1983; Reddell et al. 

1986). A number of organic compounds (e.g., organic 
acids, proteins) may provide the necessary extra osmotic 
potential which prevents plasmolysis (Mexal and Reid 
1973; Foster and Sands 1977; Yeo 1983). In this study, 
protein content generally decreased with increasing salt 
concentration of liquid culture. 

With relatively tolerant ectomycorrhizal symbionts 
( e .g .P .  tinetorius), increasing soil solution salinity had 
little effect on plant growth and development. Seedlings 
inoculated with Pisolithus and Laccaria had roo t / shoot  
ratios of plants with balanced nutrition. In contrast, 
stunted seedlings grown in soils with high salt content 
had root / shoot  ratios often found in nutritionally defi- 
cient plants (Harley and Smith 1983). Moreover,  P con- 
centration of  seedlings declined at high salt concentra- 
tions, especially in those plants inoculated with T. ter- 
restris. Jennings (1964) reported that exposure of  Fagus 
ectomycorrhizae to NaC1 reduced plabnt PO4 uptake. 

Ectomycorrhizal fungi improve in situ plant tolerance 
to soil drought, nutrient deficiency, heavy metal toxicity 
ands extremes of pH (Harley and Smith 1983). The re- 
sults of  this study suggest that selected ectomycorrhizal 
fungi can tolerate soil salt-stress conditions encountered 
in the field (Jain et al. 1989; Marcar et al. 1991). More- 
over, some ectomycorrhizal symbionts may help im- 
prove host tolerance of  saline soil. Previous qualitative 
assessments suggest that some rhizophere organisms are 
more tolerant of soil salt others (Barrett-Lennard et al. 
1986; Reddell et al. 1986). 
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