
Introduction

Among the abiotic stresses salt stress is having a greater impact

on farmlands worldwide. It is reported that about 7% of the total

land on earth and 20% of the total arable area are affected with

high salt content1. In view of another projection, 2.1% of the

global dry land agriculture is affected by salinity. Over 30% of

the cultivable area of Bangladesh lies in the coastal and offshore

zones. Out of 2.86 million hectares of coastal and offshore lands,

about 1.05 million hectares are affected by varying degrees of

salinity2. The area under salinity is increasing with time (from

0.83 m ha to 1.056 m ha in 36 years;2) due to rise in sea water

level with increased global temperature.

Associated agricultural production losses were estimated to be

close to $12 billion per year due to soil salinization3. It has been

estimated that more than 50% of the arable land would be

salinized by the year 20504. On the other hand the human race is

increasing and is believed to reach 8.3 billion by 2030. It is

difficult to feed this increasing population as the productive land

is decreasing day by day.

Researchers are desperate to find out suitable techniques to

combat with these concerning problem ie. looking for an

alternative to bring the uncultivated land under cultivation. But

these techniques seems to very costly and unaffordable to

underdeveloped countries, whereas microorganisms specially

arbuscular mycorrhiza have the potential to reduce the sodium

and chloride toxicity in crops could be a more cost effective

environmental friendly option that is available in a shorter time

frame. Arbuscular mycorrhizas (AM) are pervasive and they are

found in 80% of vascular plant families in existence today and

fungi belonging to the order glomeromycota. AM have been

shown to promote plant growth5, enhance nutrient uptake such

as nitrogen, phosphorus, magnesium, and micronutrients from

the soil6, improve soil structure, and also able to enhance plant

tolerance under different stresses such as drought and salinity7.

Plants treated with AM fungi have been shown to enhance the

growth and yield, and maintains the osmotic and ionic balance to

a normal level so that plants will thrive well under these stress

conditions5.
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Lentil (Lens culinaris) var. BARI Masur-5 belongs to the family

Fabaceae and is commonly used as an important pulse crop in

Bangladesh. In Bangladesh, during 2015-2016 about 154,515 ha

of land is under lentil cultivation and the total production is about

158,228 metric tons8. An ideal sustainable agricultural system is

one which maintains and improves human health, benefits

producers and consumers both economically and spiritually,

protects the environment, conserve ecosystem and produces enough

food for an increasing world population. Plant associated

microorganisms ie. arbuscular mycorrhiza can play an important

role in conferring resistance to alleviating salinity stresses in plants.

Taking the current leads available, concerted future research is

needed to have an appraisal or summing-up of the present state of

land areas affected by salinity. Therefore, the overall goal of the

investigation was to evaluate the potential of arbuscular mycorrhizal

inoculation on the germination (%), nodulation, and sporulation

of lentil treated with different concentration of NaCl.

Materials and Methods

Seed collection and Soil preparation

The experiment was carried out during rabi season from

December, 2014 to March, 2015 and December, 2015 to March,

2016 in the net house of Soil Science Division, BARI, Joydebpur,

Gazipur (230 59’38'’ N latitude, 900 24’89'’ E longitude and 8.4

m elevation). Seeds of lentil (BARI Masur-5) were collected from

Pulse Research Centre, BARI, Gazipur. The silted (sandy clay

loam) soils were collected from the bank of Turag river at Kodda,

Gazipur mixed with cowdung at 5:1 ratio and was used as the

potting media. Each pot (28 cm in diameter and 23 cm in height)

was filled with approximately 8-kg soil leaving upper 3 inches

of pot was vacant to facilitate watering. The pH of cowdung was

6.7 and the nutrient contents were: organic matter 14.1%, N 0.8%,

P 1.26%, K 0.88%, Ca 1.55%, Mg 0.82%, S 0.62%, Fe 0.25%

and Mn 0.112%. The physical and chemical properties of the

soil are presented in Table 1. The soil contained 12 AM (100-1 g

soil) spores of indigenous mixed AM fungal species and the

experiment was conducted under unsterilized soil condition.

Methods of chemical analysis

Soil pH was measured by a combined glass calomel electrode9.

Organic carbon was determined by Wet Oxidation Method10. Total

N was determined by modified Kjeldahl method11. Calcium, K

and Mg were determined by NH4OAc extraction method12. Copper,

Fe, Mn and Zn were determined by diethylenetriaminepentaacetic

acid (DTPA) extraction followed by Atomic absorption

spectroscopy (AAS) reading. Boron was determined by CaCl2
extraction method. Phosphorus was determined by Modified Olsen

method (Neutral + Calcareous soils) according to Olsen et al.13.

Sulphur was determined by CaH4(PO4)2.H2O extraction followed

by turbidimetric turbidity method with BaCl2.

Chemical fertilizers @ 23.06 kg N: 19.8 kg P: 23.09 kg K: 12.35

kg S: 1.20 kg Zn: 0.73 kg B: 0.34 kg Mo ha-1 was applied14. All

fertilizers were applied as basal during final land preparation.

Preparation of NaCl solution and Mycorrhizal inoculum

Different concentrations of NaCl solution was prepared according

to experimental design and 250 mL of each percentage of NaCl

solution were applied per pot as irrigation water in each treatment

before sowing of lentil seed. The developed soil salinity was

within the range of 1.04 to 3.75 dSm-1.

The arbuscular mycorrhizal inoculum was prepared from the roots

and rhizosphere soils of sorghum. Mycorrhizal species was

originally isolated from different Agro-Ecological Zones (AEZ),

using the wet sieving and decanting method. The spores were

left to multiply for 6 months on sorghum plants using unsterilized

soil, collected from the same site, in the net house of Soil Science

Division, BARI. Plants were irrigated with tap water as needed.

A mixture of infected sorghum root and soil which contained

spores was used as mycorrhizal inoculum. The soil based AM

fungal inoculum containing 150 g of rhizosphere soil

(approximate 209.67 ± 5.5 spores/100 g soil) and infected

sorghum root fragments with a  minimum infection level was

inoculated to each mycorrhizal pot. Photo 1 represents different

mycorrhizal spore identified in the Soil Microbiology Laboratory,

Soil Science Division, BARI and used for the experiment. The

mycorrhizal inoculum were first placed in each pot at 3-5 cm

depth and was covered with a thin soil layer of 1 cm immediately

prior to the seed sowing of lentil to facilitate fungal colonization

of plant roots.

Experimental design

The experiment was designed in factorial randomized completely

block design (RCBD) with 10 treatments combination and 4

replications. Twenty seeds were sown in each pot at 1 cm soil

depth. The treatment was sustained with 11-14 vigorous seedlings

in mycorrhizal and non-mycorrhizal pot and the other seedlings

were removed from the pot. The 10 treatment combinations were:

T1: NaCl 0%, T2: NaCl 0% + AM, T3: NaCl 1%, T4: NaCl 1% +

AM, T5: NaCl 2%, T6: NaCl 2% + AM, T7: NaCl 3%, T8: NaCl

3% + AM, T9: NaCl 4% and T10: NaCl 4% + AM.

Determination of germination percentage

The germination test was carried out according to ISTA rules15.

For each treatment, 100 seeds were put into Petri dishes. The

Petri dishes were put on a laboratory table at room temperature

(25 ± 2oC). After 8 days, normal, abnormal and diseased seeds

were counted. Germination of lentil seed in the laboratory table

was 85%. Twenty seeds were sown in each pot. After 9, 12, 15,

18, 21 and 24 days germinated seeds were observed and counted.

Germination percentage was calculated by the following formula:

Number of germinated seeds in each pot

Germination (%) =                                  x 100

Total number of seeds sown in each pot

Crop harvest

Lentils were harvested after 90 days of sowing. Nodule number,

nodule weight and root infection (%) were measured after 51

Rahman et. al

74



days after sowing (DAS) ie. at the time of 50% flowering stage

of lentil.

Assessment of spore population density

Assessment of spore population was done following the Wet

Sieving and Decanting Method 16. Soil samples from the

rhizosphere of the respective plant species were mixed thoroughly

by breaking up any large lumps. Any large unwanted particles

such as stone, roots, twigs etc. were removed from the soil. Then

100 g of mixed soil was kept in a bucket (8 litres) and filled three

quarters with tap water. The soil with water was agitated by stirring

vigorously by hand and washed into the bucket and left to settle

for one minute. The suspension was sieved by following the wet

sieving and decanting method16. Two sieves (400 µm and 100

µm mesh) were used throughout the experiment. The supernatant

was poured through a 100 µm sieve into the second bucked (10

litres) to avoid the loss of useful materials. After allowing the

suspension to settle for one minute, the supernatant was decanted

into the 400 µm sieve. This time water was discarded and the

material was back washed from the sieve into a beaker (250 mL)

with a small quantity of water. The solution with spores was

distributed in 4 equal size test tubes evenly and balanced up the

tubes with water for equal weight. The tubes were plugged

properly and then centrifuged for 4 minutes at 3,000 rpm. The

supernatant was poured in test tubes and the test tubes were filled

with sucrose solution and stirred vigorously with the round-ended

spatula to re-suspend the precipitate. The test tubes were balanced

properly to equal weight and they were plugged. Then the plugged

test tubes were centrifuged for 15 seconds at 3,000 rpm. After

centrifuge, the sucrose supernatant was poured through a 400

µm sieve and rapidly washed with water to remove the sucrose

from AM spores by back washing the materials from the sieve

into watch glass for observation.

Counting of AM spores

All the AM spores were isolated from the extract with the help of

a fine forcep into a watch glass with small quantity of water. The

extract, with AM spores, was observed under stereomicroscope

and the number of spores was counted. Spore numbers from the

three replicates per samples were averaged and the result was

expressed as number per 100 g of dry soil basis.

Assessment of root colonization infection

The percentage of AM infection was estimated by root slide

technique17. One hundred root segments were examined for each

sample. The stained root pieces were mounted in acidic glycerol

on slides and the cover slip was placed and slightly pressed. The

roots were observed under microscope. A root segment was

considered as positively infected, if it showed mycelium, vesicles

and arbuscules or any other combination of these structural

characteristics of AM infection. The presence or absence of

infection in the root pieces was recorded and the percent infection

was calculated as follows:

 Number of AM positive segments

% root colonization =                    x 100

 Total number of segments scored

Statistical analysis

Data were statistically analyzed using Analysis of Variance

(ANOVA) following CropStat package while the all pair

comparisons were done by Statistix 10.

Results

Effect of AM inoculation

The effect of mycorrhizal inoculation on seed germination at 9,

12, 15, 18 and 21 DAS, nodule number plant-1, nodule weight

(mg plant-1), and spore population/100 g soil have been presented

in Tables 2-3. On the other hand, germination% at 24 days after

sowing (DAS) and root infection (%) at 50% flowering stage

have been presented in Figures 1-2. Figure 3 represents different

mycorrhizal structure found in the root cortex of lentil plants.

Mycorrhizal inoculation significantly increased germination

(40.00, 55.75, 68.00, 74.50, 77.25 and 78.25%) at 9, 12, 15, 18,

21 and 24 DAS, nodule number (18.58 plant-1), nodule weight

(17.74 mg plant-1), spore population/100 g soil (71.13) and root

colonization (21.60%) at 50% flowering stage in 2014-2015 and

increased germination (59.75, 74.25, 80.25, 83.00, 85.00 and

85.50%) at 9, 12, 15, 18, 21 and 24 DAS, nodule number (18.95

plant-1), nodule weight (17.15 mg plant-1), spore population/100

g soil (103.90) and root colonization (30.63%) at 50% flowering

stage in 2015-2016 (Tables 2-3 and Figures 1-2).

Figure 1. Effect of AMF on germination (%) after 24 DAS of

lentil

Figure 2. Effect of AMF on root colonization (%) of lentil

Figure 3. Effect of NaCl on germination (%) after 24 DAS of

lentil
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Effect of NaCl

Effect of different concentration of NaCl on lentil has been

presented in Tables 4-5 and Figures 4-5. Significant differences

were found in case of germination (%) at 9, 12, 15, 18, 21 and 24

DAS, nodule number plant-1, nodule weight (mg plant-1), spore

population/100 g soil and root infection (%).

The highest germination (69.38, 81.88, 88.75, 93.75, 94.38 and

94.38%) at 9, 12, 15, 18, 21 and 24 DAS, respectively, nodule

number (14.33 plant-1), nodule weight (13.05 mg plant-1), spore

population/100 g soil (79.58) and root colonization (25.00%) in

2014-2015, and highest germination (78.13, 86.88, 90.00, 89.38,

90.63 and 90.63%) at 9, 12, 15, 18, 21 and 24 DAS, respectively,

nodule number (13.96 plant-1), nodule weight (12.75 mg plant-

1), spore population/100 g soil (123.50) and root colonization

(38.34%) in 2015-2016 were observed in 0% NaCl treatment

(Tables 4-5 and Figures 4-5). The lowest germination (11.25,

20.00, 35.63, 51.25, 55.00 and 56.25%) at 9, 12, 15, 18, 21 and

24 DAS, respectively, nodule number (05.35 plant-1), nodule

weight (05.21 mg plant-1), spore population/100 g soil (40.83)

and root colonization (12.50%) in 2014-2015, and lowest

germination (31.25, 50.00, 60.63, 65.63, 70.63 and 72.50%) at

9, 12, 15, 18, 21 and 24 DAS, respectively, nodule number (09.00

plant-1), nodule weight (08.00 mg plant-1), spore population/100

g soil (78.00) and root colonization (15.00%) in 2015-2016 were

observed in 4% NaCl treatment (Tables 4-5 and Figures 4-5).

The highest germination (%) at 9, 12, 15, 18, 21 and 24 DAS,

nodule number plant-1, nodule weight (mg plant-1), spore

population/100 g soil and root infection (%) in 2014-2015 were

Table 1. Initial fertility status of the soil samples

Soil Properties Texture pH OM(%) Ca Mg K Total N(%) P S B Cu Fe Mn Zn

meq 100 g-1 µg g-1

Result Sandy clay 7.6 0.32 6.6 2.3 0.09 0.017 12 25 0.10 1.0 14 1.3 0.85

loam

Critical level - - - 2.0 0.5 0.12 - 10 10 0.20 0.2 4.0 1.0 0.60

Table 2. Effect of AMF on germination (%) of lentil

Effect of AMF Germination (%)

09 DAS 12 DAS 15 DAS 18 DAS 21 DAS

2014-2015

Without AMF 23.50b 39.2b 55.25b 68.75b 71.25b

With AMF 40.00a 55.7a 68.00a 74.50a 77.25a

SE (±) 1.27 1.36 1.23 1.26 1.38

F test ** ** ** ** **

2015-2016

Without AMF 48.75b 65.5b 72.50b 72.50b 76.25b

With AMF 59.75a 74.3a 80.25a 83.00a 85.00a

SE (±) 1.32 1.30 1.52 1.32 1.39

F test ** ** ** ** **

AMF: Arbuscular mycorrhizal fungi. The values represent means of 04 replicates. Different letters within each column indicate significant differences between

treatments. Test CropStat and Statistix 10. **Significant Pd”0.01

Table 3. Effect of AMF on nodule number, nodule weight, and spore population of lentil

Effect of AM Nodule number plant-1 Nodule weight (mg plant-1) Spore population/100 g soil

2014-2015

Without AMF 0.00b 0.00b 48.63b

With AMF 18.58a 17.74a 71.13a

SE (±) 0.32 0.44 0.88

F test ** ** **

2015-2016

Without AMF 3.01b 2.80b 95.35b

With AMF 18.95a 17.15a 103.90a

SE (±) 0.26 0.26 2.40

F test ** ** *

AMF: Arbuscular mycorrhizal fungi. The values represent means of 04 replicates. Different letters within each column indicate significant differences between

treatments. Test CropStat and Statistix 10. **Significant Pd”0.01, *significant Pd”0.05
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found in 0% NaCl level which was significantly higher over all

other NaCl levels while the highest germination (%) at 9, 12, 15,

18, 21 and 24 DAS in 2015-2016 were found in 0% NaCl level

which was significantly higher over 2% NaCl, 3% NaCl and 4%

NaCl level but identical  to 1% NaCl level. The highest nodule

number plant-1, nodule weight (mg plant-1), spore population/100

g soil and root infection (%) in 2015-2016 were found in 0% NaCl

level which was significantly higher over all other NaCl levels.

Interaction effects of mycorrhizal inoculation and NaCl

Interaction effects of mycorrhizal inoculation and NaCl on lentil

have been presented in Table 6 and Figures 6-8. Interaction effects

of mycorrhizal inoculation and NaCl on germination (%) at 12,

15, 18, 21 and 24 days after sowing (DAS), spore population/100

g soil and root infection (%) were not significant except germination

(%) at 09 and 12 DAS; nodule number plant-1 and nodule weight

(mg plant-1). This indicates that mycorrhizal inoculation was

equally effective to all the NaCl levels in all the parameters except

germination (%) at 09 and 12 DAS, nodule number plant-1 and

nodule weight (mg plant-1). However, germination (%) at 09 and

12 DAS was considered as a very early growth stage for lentil.

Un-inoculated treatments produced less number of nodule

compared to inoculated treatments subsequently given less nodule

weight compared to inoculated treatments.

Figure 4. Effect of NaCl on root colonization (%) of lentil

Figure 5. Interaction effects of arbuscular mycorrhizal fungi

and NaCl on nodule number plant-1 of lentil. T1: NaCl 0%, T2:

NaCl 0% + AM, T3: NaCl 1%, T4: NaCl 1% + AM, T5: NaCl

2%, T6: NaCl 2% + AM, T7: NaCl 3%, T8: NaCl 3% + AM, T9:

NaCl 4% and T10: NaCl 4% + AM.

Figure 6. Interaction effects of arbuscular mycorrhizal fungi

and NaCl on nodule weight (mg plant-1) of lentil. T1: NaCl 0%,

T2: NaCl 0% + AM, T3: NaCl 1%, T4: NaCl 1% + AM, T5: NaCl

2%, T6: NaCl 2% + AM, T7: NaCl 3%, T8: NaCl 3% + AM, T9:

NaCl 4% and T10: NaCl 4% + AM.

Table 4. Effect of NaCl on germination (%) of lentil

Effect of Germination (%)

NaCl 09 DAS 12 DAS 15 DAS 18 DAS 21 DAS

2014-2015

NaCl 0% 69.38a 81.88a 88.75a 93.75a 94.38a
NaCl 1% 42.50b 64.38b 80.63b 82.50b 83.75b
NaCl 2% 23.13c 45.00c 60.00c 70.63c 74.38c
NaCl 3% 12.50d 26.25d 43.13d 60.00d 63.75d
NaCl 4% 11.25d 20.00e 35.63e 51.25e 55.00e
SE (±) 2.01 2.14 1.94 1.99 2.19
F test ** ** ** ** **
2015-2016
NaCl 0% 78.13a 86.88a 90.00a 89.38a 90.63a
NaCl 1% 76.25a 84.38a 85.00a 83.75a 85.00ab
NaCl 2% 49.38b 66.88b 76.25b 77.50b 81.88b
NaCl 3% 36.25c 61.25b 70.00b 72.50b 75.00c
NaCl 4% 31.25c 50.00c 60.63c 65.63c 70.63c
SE (±) 2.09 2.07 2.41 2.08 2.20
F test ** ** ** ** **

The values represent means of 04 replicates. Different letters within each column

indicate significant differences between treatments. Test CropStat and Statistix

10. **Significant Pd”0.01

Figure 7. Different mycorrhizal structure found in the root cortex

of lentil (Lens culinaris).

Arbuscular mycorrhizal fungi on Lentil at Different NaCl Levels

77



Table 5. Effect of NaCl on nodule number, nodule weight and spore population of lentil

Effect of NaCl Nodule number plant-1 Nodule weight (mg plant-1) Spore population/100 g soil

2014-2015

NaCl 0% 14.33a 13.05a 79.58a

NaCl 1% 11.10b 10.77b 68.42b

NaCl 2% 9.00c 9.00b 60.67c

NaCl 3% 6.68d 6.34c 49.92d

NaCl 4% 5.35e 5.21c 40.83e

SE (±) 0.51 0.70 1.39

F test ** ** **

2015-2016

NaCl 0% 13.96a 12.75a 122.25a

NaCl 1% 12.29b 11.38b 109.50b

NaCl 2% 10.33c 9.25c 98.63bc

NaCl 3% 9.31cd 8.50cd 89.75c

NaCl 4% 9.00d 8.00d 78.00d

SE (±) 0.41 0.41 3.80

F test ** ** **

The values represent means of 04 replicates. Different letters within each column indicate significant differences between treatments. Test CropStat and Statistix 10.

**Significant Pd”0.01

Table 6. Interaction effects of AMF and NaCl on germination (%), spore population and root colonization of lentil

Treatments Germination (%) Spore Root

population/ colonization

100 g soil  (%)

09 DAS 12 DAS 15 DAS 18 DAS 21 DAS 24 DAS

2014-2015

NaCl 0% 65.00 80.00 87.50 92.50 92.50 92.50 68.83 20.00

NaCl 0% + AM 73.75 83.75 90.00 95.00 96.25 96.25 90.33 30.00

NaCl 1% 40.00 63.75 78.75 80.00 82.50 83.75 56.33 18.00

NaCl 1% + AM 45.00 65.00 82.50 85.00 85.00 85.00 80.50 25.00

NaCl 2% 12.50 38.75 56.25 66.25 70.00 71.25 49.83 16.00

NaCl 2% + AM 33.75 51.25 63.75 75.00 78.75 80.00 71.50 20.00

NaCl 3% 0.00 11.25 30.00 57.50 58.75 58.75 37.83 13.00

NaCl 3% + AM 25.00 41.25 56.25 62.50 68.75 71.25 62.00 18.00

NaCl 4% 0.00 2.50 23.75 47.50 52.50 53.75 30.33 10.00

NaCl 4% + AM 22.50 37.50 47.50 55.00 57.50 58.75 51.33 15.00

SE (±) 2.84 3.03 2.75 2.82 3.09 3.00 1.96 1.19

F test ** ** ** NS NS NS NS NS

CV (%) 17.9 12.8 8.9 7.9 8.3 8.0 6.6 12.9

2014-2015

NaCl 0% 72.50 82.50 87.50 86.25 88.75 88.75 115.50 33.34

NaCl 0% + AM 83.75 91.25 92.50 92.50 92.50 92.50 129.00 43.34

NaCl 1% 71.25 80.00 81.25 78.75 81.25 81.25 107.00 29.17

NaCl 1% + AM 81.25 88.75 88.75 88.75 88.75 88.75 112.00 36.67

NaCl 2% 45.00 65.00 71.25 72.50 77.50 77.50 94.75 25.00

NaCl 2% + AM 53.75 68.75 81.25 82.50 86.25 86.25 102.50 31.50

NaCl 3% 32.50 57.50 66.25 66.25 68.75 71.25 84.50 21.00

NaCl 3% + AM 40.00 65.00 73.75 78.75 81.25 82.50 95.00 25.00

NaCl 4% 22.50 42.50 56.25 58.75 65.00 67.50 75.00 13.34

NaCl 4% + AM 40.00 57.50 65.00 72.50 76.25 77.50 81.00 16.67

SE (±) 2.96 2.92 3.40 2.94 3.11 3.23 5.38 1.56

F test NS NS NS NS NS NS NS NS

CV (%) 10.9 8.4 8.9 7.6 7.7 7.94 11.9 11.4

AM: Arbuscular mycorrhizal fungi. The values represent means of 04 replicates. Different letters within each column indicate significant differences between

treatments. Test CropStat and Statistix 10. **Significant Pd”0.01, NS non significant.
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Figure 8. Different mycorrhizal spore identified in the Soil Microbiology Laboratory, Soil Science Division, BARI and used for the

experiment

 

  

Acaulospora foveata Acaulospora denticulate Gigaspora albida 

Gigaspora rosea Gigaspora spp. Gigaspora spp. 

Not identified Not identified Not identified 

Glomus fusianum Glomus warcuppiGlomus macrocarpum
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Discussion

Mycorrhizal treatments significantly increased germination (%)

because AMF entangle soil particles within the hyphae, tapping

carbon resourses, reduce damage caused by pathogen, influence

soil microbial activity, increased mobilization and transfer of

nutrients and increased availability of added or fixed phosphorus.

Eight varieties were used for evaluation of salt tolerance on the

basis of seed germination; seed germination was decreased

significantly in all cultivars when levels of salinity increased 3 to

14 dSm-118.

Nodule number and nodule weight significantly increased in the

mycorrhizal treatments because AMF influences soil microbial

activity or increase the population of soil microorganisms. Our

results of decreasing root colonization corroborates with the

findings of Juniper and Abbott19, they also reported that salt stress

can affect AM fungi by slowing down root colonization, spore

germination and hyphal growth. The reason behind the increase

of colonization at low concentrations of salt and decrease at high

concentrations of salt may be AM fungal species have varying

tolerance to salinity. Johnson-Green et al.20 reported that

arbuscular mycorrhizal fungi could resist 50 mg total salt ml-1

soil water. Root coloization by AMF is reduced by NaCl and is

reported by Giri et al.21 in Acacia nilotica, Sheng et al.22 in Zea

mays. It indicates that AMF is suppressed by NaCl stress22.

Application of NaCl significantly reduced growth responses,

flower parameters, mineral contents, and levels of mycorrhizal

colonization of mycorrhizal and non-mycorrhizal kalanchoe

plants comparing to control plants, mainly at high

concentrations23. From the reports it was concluded that the

hyphal growth was sensitive to increasing concentration of NaCl.

AM fungi colonization was found to be effective in several crop

plants such as sunflower, maize, soybean, potato, and wheat24.

Lin et al.25 reported phosphorus in double concentrations in the

shoots and roots of mycorrhizal Trifolium repens, indicating that

AM colonization provides higher percentage of phosphorus

concentration than non-mycorrhizal plants26.

Conclusion

Results of the experiment revealed that mycorrhizal plants showed

better performance in terms of germination (%), nodule number

plant-1, nodule weight (mg plant-1), spore population/100 g soil

and root infection (%) than non-mycorrhizal plants i.e. inoculation

of mycorrhiza in NaCl contaminated soil have improved the

growing conditions of plants, significantly. With the increase of

NaCl concentration, germination (%), nodule number plant-1,

nodule weight (mg plant-1), spore population/100 g soil and root

infection (%) decreased significantly. The highest germination

(96.25% in 2014-2015 and 92.50% in 2015-2016), nodule

number plant-1 (28.67 in 2014-2015 and 24.34 in 2015-2016),

and root colonization (30% in 2014-2015 and 43.34% in 2015-

2016) was found in 0% NaCl + AM treatment. The lowest

germination%, nodule number plant-1 and root colonization%

was found in 4% NaCl treatment. Mycorrhizal inoculation

increased germination on an average by 9.68% during 2014-2015

and 11.07% during 2015-2016, and increased root colonization

on an average by 40.47% during 2014-2015 and 25.14% during

2015-2016 over non-mycorrhizal inoculation. The study clearly

indicates that mycorrhizal inoculation could reduce the harmful

effects of NaCl toxicity to the host plants, thus increase plant

survival allowing the plants growth under extreme condition.
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