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Abstract: Salinity is one of the main factors responsible for soil deterioration and poor agricultural productivity.
Saline soils constitute an unfavorable environment for the plant growth. The presence of excess ions produces
irreversible biochemical and physiological perturbations in plants. Endophytic microorganisms are ubiquitous
in plants and colonize internal tissues without causing any harm or gaining benefit. These fungal and bacterial
microbes colonize in living tissues of plants and involved in promotion of plant growth. Colonization of host
plants by these endophytes believed to contribute to plant genotype adaptability to biotic and abiotic stresses.
Prosopis is one of the most common trees of India mainly known to grow in saline soils. In our studies we have
isolated the endophytic fungus and bacteria residing in the root, stem and leaves of the Prosopis plant and
observed their effect on germination of seeds of Fenugreek, Tomato and Mung beans. Pot assay was performed
to study the germination percentage of the seeds for 14 days. Seeds were treated with inoculums of different
fungi and bacteria isolated from different parts of the plants. Positive results were observed with fungi but no
effect of bacterial inoculums was observed. The results obtained showed strains of fungi isolated from roots,
stem and leaves had beneficial impact on the seed germination of Tomato as 100% germination percentage was
obtained which was more than normal and control set ups. The germinated seedlings of Tomato under salt stress
with fungi treated inoculums found to be healthier than seedlings grown in normal soil. No appreciable effect
of endophytic fungus was obtained on Mung beans and Fenugreek seeds. Fungi are reported to secrete growth
hormones which help in enhancing the germination of seeds. Promotion of plant growth was detected with the
help of qualitative test for the production of IAA. The results were found to be positive with some fungal strains
suggesting their establishment inside the host plant resulting in seed germination under stress conditions.
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INTRODUCTION
Salinity is one of the main factors responsible for
soil deterioration and poor agricultural productivity.
In semiarid and arid regions, the extended periods
of dryness as well as inappropriate intense irrigation
increases the concentration of solutes in soil so that
15% of soils in these regions endure problems of
salinity and a third of irrigated lands in the world are
affected by the salinity [1,2]. Approximately
300,000 ha irrigated lands lose their productivity
because of improper irrigation practices every year
in the world [3]. It is estimated that about one third
(400 to 950 million ha) of irrigated lands (Pakistan
14%, China 15%, India 27 to 60%, Egypt 30%, Iraq
50% and Turkey 50%) has been affected by salinity
problem in the world [4]. Saline soils constitute an
unfavourable environment for the plant growth. The
presence of excess ions produces irreversible
biochemical and physiological perturbations in
plants. Seed germination and early seedling growth
are considered as the most critical stages of plant
under extreme conditions [5]. Germination is the
initial of life cycle and always determines where and
when seedling can establish. Higher salinity induces
a reduction, a delay and even a complete inhibition
of germination due to an osmotic effect or/and ion
toxicity [6]. So seeds under salt conditions always
germinate after high precipitation where soil salinity
is reduced because of leaching [7]. Generally, saltalkali tolerance of seedlings is lower than seeds [8].
For most plants, especially crops (such as wheat),
the energy source for older seedling growth is
mainly from photosynthesis and root absorption,
while early seedlings are from endosperm. So the
two stages are actually greatly differed. In addition,
early seedlings seem more vulnerable because of the
delicate radicles. There are numerous reports on the
effects of salt stress and alkali stress on plant
seedlings [9-11]. Salinity affects plant physiology
through changes in the water and ionic status of the
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cells [12,13]. Ionic imbalance occurs in the cells due
to excessive accumulation of Na and Cl which
reduces the uptake of other mineral nutrients
including Ca, Mg, Mn and K [14-17]. Endophytic
microorganisms are ubiquitous in plants and
colonize internal tissues without causing any
substantive harm or gaining benefit other than
securing residency [18-20]. Fungal endophytes are
micro fungi that colonize living tissues of plants
without producing any apparent symptoms or
obvious negative effects. Fungi that are biotrophic
mutalists, benign commensals or latent pathogens
are included under the broad term ‘endophytes’.
Increasing evidence suggests that endophytic
fungus–plant interactions are an important
determinant of plant evolution and biodiversity
[21,22]. Endophytic bacteria are involved in
promotion of plant growth [23-26] accumulation of
pathogenesis related proteins, deposition of cell
wall barriers [27] inhibit growth of pathogens by
producing antimicrobial compounds like siderophores [28]. Endophytic bacteria, co-evolved with
plants, have been found in virtually every plant
studied, where they colonize the internal tissues of
their host plant and can form a range of different
relationships including symbiotic, mutualistic,
commensalistic and trophobiotic [29]. Endophytic
bacteria can not only promote plant growth and act
as biocontrol agents, but also produce nature
products to control plant diseases [30]. Prosopis
spp. is one of the most common tree of the India as
invasive plant, belonging to family Fabaceae. Green
(1973) suggests that, in a natural setting, seed
dormancy is ecologically significant because it
delays germination until conditions are right for the
establishment of seedlings. Life cycles of invasive
species, on the other hand, have developed rapid,
uniform germination characteristics that are integral
to rapid establishment in harsh environments. The
critical point in competition for resources arrives
quickly creating a hostile environment for native
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plants unable to acquire sufficient resources for
establishment and survival. Successfully competing
for factors necessary to plant establishment and
survival is a function of the plants ability to grow
rapidly and complete its life cycle before other
plants are able to commandeer these same resources
for similar purposes [31]. It has been reported that
endophytes give the plants to survive under biotic
and abiotic stress conditions. Literature survey had
revealed that seeds of Fenugreek, Tomato and
Mungbeans were able to sustain 0.3 to 0.8% of salt
concentration in the soil. The present work entitled
germination of common plants seeds under salt
stress with endophytic fungi isolated from Prosopis
spp. has been started with the following objectives
as, (a) isolation of endophytic fungi and bacteria
from the leaves, stem and roots of Prosopis spp. (b)
effect of isolated endophytes on seed germination of
Fenugreek, Tomato and Mungbeans, (c) qualitative
studies on production of IAA by endophytic fungi.

temperature for 7-10 days. After that the fungal
spores were scraped with sterile tween-80 solution.
Inoculums was prepared with 10 -8 spores/ml.
Bacterial colonies were inoculated in nutrient broth
separately and incubated at 37°C for 24-48 hrs.
Cells were maintained with 10 -6 cells/ml. Pot assay
for seed germination studies was performed. Soil
was autoclaved and mixed with isolated fungal and
bacterial inoculums. 10 seeds of Tomato, Fenugreek
and Mungbeans were taken in each pot. Salinity was
enhanced with the application of 1.2% NaCl
solution in each pot. 3 different set ups were made:
(a) Normal containing unsterilized soil without salt,
(b) Control containing sterilized soil and salty
watered, (c) Experimental set up consisting of
different inoculums and salty water. Efficiency of
germination was calculated as germination
percentage which was calculated as

MATERIALS AND METHODS

Endophytic fungi are little known for exogenous
secretion of phytohormones and mitigation of
salinity stress, which is a major limiting factor for
agriculture production worldwide. In our studies
qualitative analysis of Indole-3-acetic acid was
performed by the method Brick et al. [32].

Small Prosopis plants grown at the seashore of
Hazira, Surat, Gujarat were collected along with the
soil. For isolation of endophytic fungi, treated plant
materials, leaf, stem and root samples were cut into
small pieces and cut pieces are placed onto potato
dextrose agar (PDA) plate supplemented with 200
mg l-1 streptomycin. Then plates were incubated at
26±2ºC for 5-7 days. For isolation of endophytic
bacteria, treated plant materials were crushed with
sterile distilled water using mortar and pestle. About
1 ml of crushed sample was serially diluted and 0.1
ml aliquot from 10-2 to 10-4 were taken and spread
onto nutrient agar medium supplemented with 200
mg l-1 bevistein using sterile glass L-rod. Then
plates were incubated at 37ºC for 2-4 days in
incubator. Fungal and bacterial inoculums were
prepared which were further used for germination
studies. Potato dextrose slants were prepared for
fungus inoculation and incubated at room
Dec-Feb 2016

Germination percentage= Number of
germinated/ Total number of seeds X100

seed

RESULTS AND DISCUSSION
Isolation of endophytic fungi: A total of 12
endophytic fungi were isolated, of which 2 strains
from leaves, 6 strains from stem and 4 strains from
root. A total of 32 species belonging to 21 genera
were isolated from inner bark of P. cineraria [33].
During the present investigation, it was found that
the colonies represented a very wide spectrum of
color. Colored colonies were presented in
abundance than the white color colonies. The
colonization of the endophytic fungi is ubiquitous
yet selective in nature. This selective colonization
of the endophyte may lead to the production of
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special compounds within the host plant [34]. Fungi
have been widely known as a source of bioactive
compounds. An excellent example for this is the
anticancer drug taxol, which was previously
supposed to occur only in the plant tissues.
Endophytic fungi from tropical plants have recently
gained importance in biological control of plant
diseases and also as a source of pharmacologically

[A]

[B]

active compounds. Only a few plant species have
been investigated for their endophytic fungal
population [35]. Therefore, any information and/or
research on endophyte-plant symbiosis, such as in
this study is of value. Effective extracts could
provide potential leads towards the development of
novel and environmental friendly biologically
active agents.

[C]

[D]

[E]

Fig. 1: Colonies of isolated fungi [A] & [B] isolated from leaves [C] & [D] isolated from stem and [E]
isolated from roots of Prosopis
Isolation of endophytic bacteria: A total of 24
endophytic bacteria were isolated, of which 7 strains
isolated from leaves, 8 strains from stems and 9
strains from root in which all bacteria differ from
each other according to the morphology, cultural
characteristics, physiological and biochemical
properties. Literature revealed that endophytic
bacteria
were
characterized
by
colony
characteristics and molecular methods like 16S
rDNA gene sequences, phylogenetic tree and
Biology system analysis. A total of 29 endophytic
strains were grouped into seven according to
similarity. All bacteria were able to grow and to
produce some phytohormone in chemically defined
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medium with or without addition of a nitrogen
source. Only one was able to produce siderophores,
and none of them solubilized phosphate [35].
Seed germination assay: In general, all endophytic
fungal isolates significantly enhanced the seed
germination of tomato and mungbean seeds with
varying degree of enhancement but no effect was
observed on fenugreek seeds. No effect of bacterial
inoculums on germination of any of the seeds under
study was observed. Only tomato seeds had shown
sustainable results till 14 days of study while the
mung beans had shown initial enhancement for 7
days and later not able to sustain it.
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Fig. 2: Germination of Tomato seedings with different fungal inoculums in the soil
The final results of germination percentage obtained with different fungal strains were as follows:

Fungal Strains
PHL1
PHL2
PHS1
PHS2
PHS3
PHS4
PHS5
PHS6
PHR1
PHR3
PHR4
PHR5
Normal
Control

Germination percentage after 14 days
100
70
80
40
70
60
100
100
100
70
100
50
10
20

Preliminary germination studies done of tomato
seeds have revealed that endophytic fungal strains
isolated from Prosopis leaves, stem and roots have
considerable influence on seed germination under
salt stress. There is appreciable enhancement in seed
germination percentage with fungus treated isolates
in comparison to control and seed grown in normal
soil. Comparative studies of different inoculums
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had revealed that four strains PHL1 isolated from
the leaves, PHS5 and PHS6 isolated from stem and
PHR1 has resulted in 100% germination of seeds in
soil supplemented with high salt concentrations. It
might be concluded that endophytic fungus had
assisted the seed to germinate under salt stress
condition though more experimental work is
required to be conducted.
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Fig. 3: Comparison of different isolated fungal inoculums on germination percentage of seeds
Qualitative analysis of IAA: In this study,
Salkowski reagent was employed to assess the
ability of isolated endophytic fungi to produce IAA
in culture. Salkowski reagent recognizes and reacts
specifically with indole compounds to form a pink
color in solution. Reaction of Tryptophan alone with
Salkowski reagent resulted in faint yellow color. To
test the importance of Tryptophan as a precursor for
indole production, fungal isolate was grown in the
medium supplemented with Tryptophan and
without Tryptophan. Indole compounds were not
produced in the absence of Tryptophan. However,

in the presence of Tryptophan, indole compounds
accumulated to high levels, and the amount of
indole produced was different with different
endophytic fungi. Development of varying degrees
of colours describes the different amount of IAA
produced by different fungal strains. It was
observed that the strain producing maximum IAA
have shown low germination percentage. More
detailed studies have to be conducted to ultimately
conclude that whether production of IAA is
promoting seed germination or not.

Fig. 3: Production of IAA by some strains of isolated endophytic fungus
CONCLUSION
Seed germination is very crucial and delicate stage
in life cycle of plants. Under stress conditions this
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stage is most affected and plants are not able to
grow. Ever increasing demand of agricultural land
and society resistance to transgenics putting
pressure on researchers to explore new ways to
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make our seeds adapted to adverse conditions like
salt stress. With our studies the bioprospecting
potential of endophytes have been observed which
requires lot more work. Studies conducted on
germination of three commonly grown seeds of
tomato, fenugreek and mungbeans in the presence
of inoculums of different isolated fungi and bacteria
from roots, stem and leaves of Prosopis plant.
Endophytic fungi and bacteria were differentiated
by their colony characteristics and microscopic
observation and found to be different. All
endophytes were used to investigate their growth
promoting activity in which some fungus shows
positive response to tomato and mung bean seeds
germination but not to fenugreek seeds. Bacterial
endophytes has not shown any effect on seed
germination. IAA production signals were also
observed in the strains capable of promoting the
germination of seeds under salt stress showing that
this secreted chemical might be assisting in seed
germination.
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