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Abstract: Through biological inoculation technology, pot greenhouse experiments were conducted in attempt
to increase salinity tolerance of a halophytic plants; Phragmifes australis, by using arbuscular myecorrhizal
(AM) fungus Glomus fasciculatum isolated from saline soil. Mycorrhizal and non-mycorrhizal plants were
exposed to 0.0, 50, 100, 150, 200, 250 and 300 mM of NaCl. Plant growth was significantly stimulated at lower
salimty (0 and 50 mM NaCl), but sharply decreased at lugher salinity concentration (250 and 300 mM NaCl) but
AM plants still much higher than that of non-AM one. A positive correlation was observed between plant
growth and its level of succulence. Sodium ions (Na*) were greatly accumulated in Phragmites plants by rising
salinity levels however, AM plants accumulate more Na* ions in roots than that in shoots. NaCl salt-stress
stimulated the levels of organic solutes such as soluble sugars and glycinebetaine. Arbuscular mycorrhizal
plants significantly had higher levels of these solutes than that of non-AM. The results also revealed that the
increase in salinity generated a decrease in water potential and osmotic potential experimented plants, with this
decrease being lower in AM salinity - stressed plants. Mycorrhization also had positive effects on turger
potential and osmotic adjustment of salinity - stressed plants. Tt is evident that amelioration of salt stress
concentrations by mycorrhizal association can be related to improved osmotic adjustment but independent of
salt uptake of plants. Thus the results indicated that the mycorrhizal symbiosis had a beneficial effect on the
water status, accumulation of osmotica and growth of Phragmites australis plants under salinity - stress

conditions.
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INTRODUCTION

Salt stress has become an over-increasing threat to
food production, irrigation being a major problem of
agriculture fields due to gradual salinization. The most
common solution to this problem 15 to increase the salt
tolerance of conventional crop plants, but the gain mn
vield is generally low [1]. Another response to the salimty
problem 1s the development of salt tolerant crops through
breeding and genetic engineering. A recent approach is
to use domesticated halophytes to combat the salimty
problem [2]. Among the large pool of suitable plants, it is
expected to find candidates for domestication. Halophytes
represent an important potential as they can be used for
fodder, fuel, oil, wood and pulp and fiber production.
They Also can be used for land reclamation, dune
stabilization and landscaping. Some of 2500 species of
halophytes (graminae, shrubs and trees) occur m salme

coastal environment and inland deserts. Increasing
attention has been paid to research and development of
halophytes utilizing undiluted seawater on a large scale
for irrigation 3, 4].

The ability of plants to survive under high salt
conditions 1s mmportant for the ecological distribution
of plant species and agriculture n semi arid, ard
and salimzed region. Halophytes are known for their
ability to adapt to living in salty solution environment
and these plants adapt to salimity by altering their
energy metabolism [5-7]. The plant has to react
physiologically at least to four major constraints for
plant growth on saline substrates [6, 8-10]. Control
mechanisms (a) growth and plant
morphology, (b) resistance to water stress (reduction
of the water potential), (¢) regulation of CO, and H,O -
exchange by stomata and (d) avoidance of ion toxicity

mclude rate

and nutrient unmbalance.
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Arbuscular mycorrhizal (AM) fungi are obligately
symbiotic so1l fungi that colonize the roots of the majority
of plants. AM fuingi widely exist mn salt - atfected souls
[11]. Many studies have demonstrated that, mmoculation
with AM fung: the plant receives a variety of benefits that
may result in increased growth, improved water relations,
enhanced nutrient uptake over non-inoculated control
plants and modification of root morphology [12-14].

Phragmites  australis 13
occurring in both freshwater and saline habitats and
whose typical habitats are the fresh and brackish water
areas of swamps, riversides and lakesides. However,
the interaction between AM fungus and this species has

a widespread species

not been studied m depth. Therefore, the symbiosis of
Glomus fasciculatum with P. australis plants could report
a Iigher water use efficiency and osmotic adjustment
with which the plant more cope during salinity stress.
Thus this study 18 considered a good attempt to increase
the salimty tolerance of one of the most widespread
halophytic plant P. australis by using AM fungal
symbiosis.

MATERIALS AND METHODS

The soil used in the present study was an autoclaved
sandy soil. Soil fertilization 15 days prior to planting
mcluded 273 mg of ammonium sulfate, 145 mg of simple
super phosphate and 25 mg petassium chleride. Ca™ 14.5
mmol kg™'; Mg® 34.7 mmol kg, K* 2.9 mmol kg~'; Na”
6.0 mmolkg™; P 63.8 mg kg™, N 0.84 g kg™ ", clay
78g kg™ silt 320 g kg™ fine sand 33 g kg™, coarse sand
570 g kg™"; bulk density 1.3 g cm ™ and particular density
25g em ™

A soil sample was collected from the rhizosphere
area of grown Phragmites austrlis. The extraction of the
mycorrhizal spores was carried out by the method
reported by Gerdemann and Nicolson [15]. Soil water
suspension (1: 5) was subjected to a series of sieves
(50-500 um). The remaimng debris was transferred mto
Petr1 dishes to be finally exammed microscopically and
wdentified the author. Examination indicated that the
extracted mycorrhizal spores were of the species Glomus
Sfasciculatum. Spore population of the inoculum 1s being
around 470 spore/ml. The seeds were sterilized with
sodium hypochlorite (20%) for 2 min, rinsed repeatedly in
sterilized distilled water. Tnoculation was performed on
seedling stage by pippetting 50 ¢cm’ of the inoculum on
the soil surface at the base of each plant seedling. Two
seedlings per container were transplanted.

The experiment was designed as a 7 x 2 factorial,
which was compared of 7 NaCl concentrations (0, 50, 100,
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150, 200, 250 and 300 mM) and 2 levels of mycorrhizal
moeculation [inoculated (+M) and non-inoculated (-M)].
Increase doses of NaCl were applied to the soil 15 days
before planting. After salimization process, all treatments
had a soill pH of 7.3. The plants were harvested 70
days after planting. Succulence [g (H,0) g (dm)] and
biomasses of shoot and root of the plants were recorded.

Leaf water potential was determined using the
spanner type thermocouple psychrometers as described
by Scholander ef al. [16]. A part of the lamina of the same
leaf was frozen for 2 weeks, thawed and sap extracted by
crushing the material with metal rod. The sap was used
directly for osmotic potential determination in an
osmometer (Wescor 5500). Leaf turgor potential was
calculated by subtracting osmotic potential from leaf
water potential and the osmotic adjustment was calculated
as the difference m osmotic potential between salinized
and control plants [17].

Chlorophyll determined by
measuring the absorbance (654 nm) of an ethanol extract
solution as described by Winterman and De Mots [18].
Na concentration was measured by flam photometer
according to Allen et al. [19].

For glycinebetaine measurements Lever et al. [20],
0.5 g of plant material was boiled in 10 ml of distilled water
for 2 h at 100°C using a dry heat bath. Samples were
diluted with a 50 mM potassium dihydrogen phosphate
buffer adjusted to pH 4.6. This was the carrier buffer that
was also used in the HPLC system. The sample was
cooled and filtered using a 0.45 pm membrane filter
(Gelman, Ann Arbor, MI, USA) and then used directly to
measure glycinebetaine with Hewlett Packard HP 1050
modular 3D HPLC (Boise, ID, USA). The soluble sugars
were extracted with 80% ethanol and were estimated
by the method of Najuib [21].

The roots were cleared and stained by using the
methods by Philips and Hayman [22] and the percentage
of mycorrhizal colomization was estimated by the
methods of Trouvelot et al. [23].

Statistical analysis of the results was subjected
to the procedure of Steel and Torrie [24] and the
treatments means were compared using the least
significant difference (L.5.D.).

concentration was

RESULTS

The results of Table 1 clearly showed that the
frequency of mycorrhizal infection (F percentage) was
influenced by salinity. The mycorrhizal infection was
reduced from 63% at 50 mM NaCl to 31% at 300 mM NaCl.
It was observed that the highest mfection was recorded
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Tablel: Effect of NaCl - salt stress on my corrhizal root segments (% F); intensity of mycorrhizal colonization (% M) and arbuscule frequency in root systems

(% A) in Phragmiles australis inoculated with Glomus fasciculatum

NaCl levels 0 50 100 150 200 250 300
% 55 63 57 53 41 35 31
M% 41 48 37 36 29 19 17
A% 19 21 19 14 12.6 10 8
NaCl mM %o M% A%
5 55.0 41.0 19.0
50 63.0 48.0 21.0
100 57.0 37.0 19.0
150 53.0 36.0 14.0
200 41.0 29.0 12.6
250 35.0 19.0 10.0
300 31.0 17.0 8.0

Table 2: Effect of NaCl-salt stress on biomass of root and shoot of AM (+ M) and non-AM plants

Chlorophy 1l content

Root biomass (g plant ~4) Shoot biomass (g plant ~!) (ug™! dry weight)
NaCl mM -M +M -M +M -M +M
0 1281 147.9 355.2 372.0 1.21 3.01
50 141.0 164.6 361.7 397.0 1.23 4.53
100 91.0 122.4 204.7 316.7 1.06 342
150 435 88.5 125.6 227.1 0.95 2.66
200 16.2 443 53.2 156.8 0.81 2.31
250 11.5 40.7 32.6 141.6 0.79 2.10
300 10.8 40.1 30.1 1239 0.72 1.66
L.S.D. (P<0.05) 7.84 13.2 15.67 18.2 0.02 0.24

at law and moderate levels of salinity (30, 100, 150 mM
NaCl). Evidence from the data in Table 1 indicates that the
intensity of mycorrhizal colonization in the root tissue
(M%) and the rate of orbicular formation in root (A%)
follow sumilar trends of mycorrhizal infection (F%) with
the maximum its values were observed at 50 mM NaCl
salimty level.

The results given in Table 2 showed the effect of
mycorrthizal inoculation (AM fungi) on biomass of root
and shoot, chlorophyll content of leaves and total soluble
sugar concentration of Phrgmits australis plants under
various levels of salimty. With increasing salinity level
the biomass of root and shoot of plants were significantly
decreased specially in plants non-inoculated with AM
fungi. Both root and shoot, biomass was optimal at 50
mM NaCl in the presence and absence of AM fungi.
Mycorrhizal association mcreases salinity tolerance of
phrgmits plants at all salinity levels used in this study
relative to those of non-mycorrhizal ones.

The results also revealed that the effect of
inoculation of AM fungi on chlorophyll content of
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phrgmits plants under salinity conditions follow similar
trends of these inoculant’s on plant biomass under the
same salinity conditions (Table 2). The highest value
of chlorophyll was recorded at 50 mM NaCl in both
mycorrhized and non-mycorrhized plants.

The results of Table 3 indicated that sodium ions
(Na™) were greatly accumulated i root and shoot of
experimented plants by rising salimty levels during the
course of experiment either in the presence and absence
of AM fungi. In the absence of AM fungi, phrgmites
plants accumulate more Na™ ions in shoot system than
that m root system at all salimty levels. While, in the
presence of AM Fungi these plants accumulate more Na’
ions in roots than that in shoots. A close examination of
the results showed that there 1s no significant differences
between Na' ions concentrations at low and moderate
levels of salimity in shoot system of AM plant.

The effect of AM inoculation to phrgmites plants
grown under salimty stress on soluble sugars content
were represents in Fig. 1. Soluble sugar content of
phrgmites plants were significantly increase by rising
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Table 3: Effect of NaCl-salt stress on sodium (Na*) of root and shoot of AM(+M) and non-AM plants

Na content of AM plant (mg g™ dry weight)

Na content of non-AM plant (mg g~* dry weight)

NaCl
(mM) Root Shoot Root Shoot
0 146 312 132 276
50 4.72 3.08 3.86 5.18
100 7.53 4.22 4.65 597
150 9.81 4.67 4.01 7.62
200 1135 5.82 5.73 8.41
250 14.10 6.74 6.12 11.33
300 15.61 7.83 6.92 14.42
L.S.D. (P<0.05) 2.74 3.23 0.67 379
500 1 O+M ©O-M
450 - [ ]
T
g 400 1 —
s o
ey 3501
E
300
g
§ 250 1
= —
S 200 4 [ |
En
2 1504
2z
§ 100 +
Q
7 a]l
50 1
0 L] T L] L] L] L] 1
0 50 100 150 200 250 300
NaCl

Figure 1: Effect of different salinity levels on seluble sugar content (mmoel g™ plant™) of AM (+M) and non-AM plants

(-M)

NaCl concentrations during this experiment. Under
NaCl-stress conditions, AM plants had higher levels of
soluble sugars than that of non-AM plant especially at
higher levels of NaCl concentration (250-300 mM NaCl).

Figure 2 clearly showed that glycinebetaine content
in Phrgmites australis increased significantly with
mereasing NaCl concentration from about 1.14 and
1.87 mmol g™" at control (0.0 mM NaCl)to 9.1 and 18.73
mmol g~ at the 300 mM NaCl treatment in AM and nen-
AM plants, respectively. At the same NaCl level, plants
inoculated with AM fungi had significantly higher
glycmebetame content than non-inoculated plants. It was
found that at higher salinity levels glycinebetaine content
of AM plant was about two fold than that of non-AM
plants.
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Results of Table 4 showed that both leaf water
potential and osmotic potential values of phrgmites
leaves were high in non-stressed plants either in absence
or in the presence of AM fungi. Leaf water potential and
osmotic potential were exhibited progressive decrease
with increasing salinity level. Leaf water potential was
decreased from -0.67 MPa at 50 mM NaCl to -2.41 MPa at
300 mM NaCl in AM plant. While, osmotic potential was
decreased from -1.01 MPa to -561 MPa in AM plants at 50
and 300 mM NaCl, respectively. Comparisons of leaf water
potential and osmotic potential values at corresponding
salimty levels showed that AM plants sigmficantly
maintained lower than that of non-AM plants especially
at higher salimty levels. On the other hand, turger
potential and osmotic adjustment showed an increases in






