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ABSTRACT

Entisol soil is hard and compact in nature, rendering it high in bulk density, which influences
root penetration adversely and thereby poor plant growth. In this experiment, used seven
treatments in different combination in normal soil, were used as growth media for the
Terminalia arjuna seedling. T3 (60% entisol) found the best as it gave the highest biomass in
the species regardless of arbuscular mycorrhizal fungi (AMF) treatment. AMF treatment
enhanced the growth and biomass of plants significantly in all the given treatments. AMF
colonization observed a maximum in tertiary roots. T1 (100% entisol soil) exhibited the highest
degree of AMF colonization in tertiary roots, resulting in the highest mycorrhiza dependency
of plants for this soil. The addition of normal soil to entisol soil was found to decrease the
bulk density, resulting in increased root diameter, and T3 plants exhibited the highest biomass
and AMF compatibility for T arjuna species. The T. arjuna plant’s growth and biomass
responded positively to AMF in all types of treatments. The plant’s growth and biomass were
highest in the T3 treatment, which had a bulk density of 1.50g/cm3. In this study, we
combined the entisol with mycorrhizal inoculation of the nursery growing medium to promote
plant growth and biomass, improve the plant’s ability to hold water and absorb nutrients, and
lower the entisol's bulk density. The T. arjuna (Roxb) plant responds very favorably to
mycorrhiza inoculation in nursery conditions with the entisol growth medium.
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1. Introduction and thus difficult for root penetration and plant
establishment. Therefore, after tedious efforts, only a
few forest species survive with poor growth [2,12].

Biofertilizers are more suitable microbial inoculants,
defined as preparations containing live or latent cells of
efficient strains of nitrogen-fixing, phosphate-solubilizing,
or cellulolytic microorganisms.

Arbuscular mycorrhizal fungi (AMF) are widely
present in nature and extensively utilized worldwide

in agriculture, horticulture, and forestry [13]. AMF

Entisols are very extensive soils all over the world.
They occupy approximately 18% of the Earth’s sur-
face. In India, this soil group is present in 80.1 Mha
and covers 24.27% of the total soil area [1]. Entisols
are soils distinguished by the absence or near absence
of soil-forming horizons (layers). During the mon-
soon season, entisol soil lands are primarily utilized
for grazing, with the growth of some spare grass.

This land is dominated in Chbhattisgarh (India),
characterized by gentle slopes and excessive gravel
due to a spherical mass of soil called murrum [2-4].
The entisol soil is generally hard and compact, even
forming a laterite pan at a shallow depth below the
surface. Soils are deficient in organic matter and
these lands
unsuitable for agricultural purposes [5-7]. Entisol

nutrients, which makes completely
soil is poor in productivity and is often barren or
suitable only for coarse millets and therefore treated
as permanent pastures due to poor water holding
capacity, heavy biotic pressure, and low microbial

activity [8-11]. Although entisol soil is very compact

form associations with plants called symbiotic asso-
ciations, which are usually beneficial to both organ-
isms. In exchange for carbohydrates produced by the
host through photosynthesis, the fungi help the plant
take up water and immobile soil nutrients [14,15].
Endomycorrhizas form associations with most plants
(approximately 80% of all plant species) [16]. They
occur on bryophytes, pteridophytes, agricultural
crops, horticultural trees, and the majority of forest
tree species [17]. These fungi require association
with plant roots for growth, as they cannot be grown
in pure culture. They form branched structures
called arbuscules within the host’s root cells, and
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thus they are known as AM fungi. Fungal root
infection is a complex process that includes spore
germination, hypha differentiation, appressorium for-
mation, root penetration, intercellular growth, vesicle
and arbuscular formation, and nutrient transfer [16,
18-20]. As roots develop, the conditions for inocula-
tion by AMF improve, and the carbohydrates are
used by AMF for the extension of the hyphal net-
work. AMF may increase plant tolerance to biotic
and abiotic stresses [21].

The interactions between soil and plant roots
result in a decrease in soil bulk density in compact
soil [19,22]. The production of extensive hyphae in
AMF makes its surface area much larger. This helps
plants grow in harsh conditions like drought stress
[23-25] and nutrient deficiency, which is common
in entisol soil [26]. The main objectives of the
research are to increase the growth and biomass of
the Terminalia arjuna plant used by the AMF in the
amendment and anamendment of entisol. In this
research, mycorrhiza was used as an experiment
because mycorrhiza is a symbiotic fungus that sus-
tains the environment and provides various nutrients
without having harmful effects on plants.

2. Materials and methods

The researchers conducted the experiment in the
Forestry Department Nursery
Vishwavidyalaya Bilaspur, Chhattisgarh, India. The
nursery recorded an average monthly minimum tem-
perature of 12.8°C in December and an average maxi-
mum temperature of 42.5°C in May of 2014-2017. The
area is low in altitude (267 m above sea level), with an
average annual precipitation of 1259mm. Most rainfall
occurs from July to September. The plants (T. arjuna)
were planted in a randomized block design with seven
treatments replicated. The AMF composition developed
the experimental purposes. The Funneliformis mosseae
AMEF species used were cultivated for their use in the
experiments of the present study. Therefore, the present
experiment was conducted to find out the most suitable
mixture of entisol soil for plant growth by mixing enti-
sol soil and normal soil in different ratios (T1 = 100%
entisol soil, T2: 80% entisol soil + 20% normal soil, T3:
60% entisol soil + 40% normal soil, T4: 50% entisol soil
+ 50% normal soil, T5: 40% entisol soil + 60% normal
soil, T6: 20% entisol soil + 80% normal soil, and T7:
100% normal soil) followed by AMF inoculation. The
soil mixtures autoclaved in 2h at 105°C to make an
AMF -and microbial-free substrate.

Different soil mixtures mixed in a definite pro-
portion were filled in a polythene bag of size
23 x 1llcm. Each poly bag was inoculated with
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20g of mixed AMF (isolated from entisol soil)
containing 800 viable spores and 10g of infected
roots. Seeds of T. arjuna were grown separately
(single seed in one polybag) in sterilized normal
soil and then transferred to bags after one month
as per the experimental design. The seed of T.
arjuna was collected in nearby Bilaspur city. The
experiment consisted of seven treatments with 10
replicates, each having 10 seedlings in a block. We
carried out inter-culture operations such as water-
ing and weed cleaning according to the needs of
the seedlings. The seedlings of the experiment
were uprooted after six months of AMF inocula-
tion, and 10 seedlings (one from each replicate)
were selected randomly from each treatment, and
the following measurements were considered for
recording.

2.1. Soil and root sample collection

The soil and root samples were collected in 3 pits
of 30cm size within the plantation, and samples
were collected from 0 to 30cm depth. Samples
collected separately from each tree species were
thoroughly mixed, dried, and sieved (2mm sieve
size). We kept the soil and root samples separate
without drying and imported them to the depart-
ment for further analysis of symbiosis and spore
population. AMF colonization and the develop-
ment of mycelia, vesicles, and arbuscules were
observed to characterize the colonization expres-
sion of AME

2.2. Bulk density (Mg m~3)

The bulk density of the soil is a measure of the mass
and volume of oven-dried soil samples. Measuring
the size of the sampling cylinder or the quantity of
sand or water allows for obtaining the volume of a
soil sample [27]. Calculate the dry soil pb using the
formula:

pb=Ms/Vs

where pb is in g/cm?, Ms is the weight of the satu-
rated soil sample g, and Vs is the volume of the dry
soil sample in cm® [28].

2.3. Seedling growth parameter

At the beginning of experiments, we measured seed-
ling height (cm) using a digital forestry caliper
before harvesting, and collar diameter (cm) using a
digital caliper at the same time.



2.4. Number of root in plant

The number of plant roots (primary, secondary, and
tertiary) was measured during the harvesting of the
plant. Beginning with the seed germination and end-
ing six months later with the seedling plant.

2.5. Dry biomass (g/pl.)

The total oven-dry weight (80°C during 24h) of
each seedling-sapling part was determined using the
following formula [29,30]:

dw = (sdw - fw) / sdw

where dw is the total dry weight (kg), sdw is the dry
weight of the sample (g), and fw is the total fresh
weight (kg).

2.6. AMF spore counting

The 500-ml conical flask was filled with 10g of soil
and 100ml of water. We stirred the mixture ferociously
to dislodge the AMF spores from the soil. After allow-
ing it to settle for 15-45min, the supernatant was
decanted through customary sieves. We took spores

under a dissecting microscope using a pipette or nee-
dle [31].

2.7. Root colonization (%)

We treated plant root samples with a 10% KOH
solution and stained them with trypan blue. The fol-
lowing formula was used to determine the percent-
ages of mycelial, arbuscular, vesicular, and total
colonization:

%ofroot  no.of colonized rootsby AM fungi
= X

colonization total no.of roots observed
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2.8. Mycorrhiza dependency (%)

Mycorrhizal dependency was calculated using the
formula below, according to [32]:

MD(%) =100 x (dry weight biomass of
inoculated seedlings / dry weight

biomass of control seedlings).

2.9. Statistical analysis

For calculation and interpretation of the data, we
used the SPSS 16.0 version (SPSS Inc., Chicago, IL)
to perform the statistical analyses. Pearson’s cor-
relation coefficients were employed to determine
the colonization
parameters and environmental factors. We calcu-
lated standard errors of means for all the parame-
ters studied and used the Duncan multiple range
(DMR) test to compare means at a 5% p level in
one-way ANOVA.

relationships between fungal

3. Results

Results are summarized in Tables 1 and 2 and Figure
1. The result reveals that bulk density decreased from
1.70g/cm’ in T1 (100% entisol soil) to 1.29g/cm’ in
T6 while it was observed at its lowest of 1.16g/cm in
T7 (normal soil) (Table 2). Plant height and collar
diameter significantly increased and were recorded as
highest in T3 (60% entisol and 40% normal soil com-
bination) and lowest in T1 (Figure 1(a,b)). AMF inoc-
ulation was found to be compatible and beneficial for
growth attributes, as it exhibited higher results in
mycorrhized plants compared to control plants with-
out inoculation (Figure 1(a-c)).

The plants of T1 soil rendered the highest num-
ber of primary, secondary, and tertiary roots, which
followed a declining trend consistently with the
addition of normal soil in treatments T2-T7, giving
a significant treatments at

difference between

Table 1. Primary root diameter, secondary root diameter, number of first root, number of second root, number of third root,
third root colonization, second root colonization, first root colonization of Terminalia arjuna seedling/plant after AMF inocu-
lation with different amended entisol soil and normal soil composition.

Primary root  Secondary root

Number of roots plant™

AMF root colonization (%)

diameter (cm/  diameter (cm/

Treatments plant) plant) Primary root ~ Secondary root  Tertiary root  Primary root Secondary root Tertiary root
T1 0.12e 0.03 ¢ 70 a 346.33 a 648.67 a 12.08 a 3733 a 6833 a
T2 0.13 de 0.06 bc 43 bc 31833 a 596.33 ab 11.25 a 36.66 a 65.00 a
T3 0.18 cde 0.06 bc 58.66 ab 306.67 a 523.00 abc 11.08 a 40.00 a 6433 a
T4 0.19cd 0.06 ab 43.33 bc 311.00 a 438.33 bc 1091 a 3633 a 63.66 a
T5 021 ¢ 0.06 ab 37.66 bc 289.00 a 434.33 bc 10.50 a 35.00 a 62.00 a
T6 028 b 0.08 ab 3033 ¢ 231.00 a 364.33cd 9.75 a 34.66 a 59.00 a
T7 047 a 0.1a 2633 ¢ 215.00 a 25533 d 9.58 a 32.00 a 5833 a
Avg/total 0.22 0.06 44.19 288.19 465.76 10.73 36 62.95
Significant .001 .05 .05 ns .05 ns ns ns

ns: nonsignificant.

The letters in the different columns represent a non-significant difference at p < .05% as the DMR test.
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Table 2. The impact of different ratio of soil amendments on fresh and dry
biomass of Terminalia arjuna seedling with AMF (AMF+) and without inocula-
tion (AMF-) as long as different amended entisol soil and normal soil

composition.

Shoot dry biomass Root dry biomass Mycorrhizal
Soil Bulk density (g/plant) (g/plant) dependency
composition (g/cm3) AMF— AMF+ AMF- AMF+ (%)
T 1.7 a 3.71d 511 e 227 e 327 e 140.16 a
T2 159 b 7.95 ab 8.98 b 530d 7.64 bc 12537 a
T3 150 ¢ 9.01 a 1132a 9.01 abc 1045 a 120.76 a
T4 1.46cd 6.21 abc 773 ¢ 9.10 abc 9.44 ab 11211 a
T5 140 d 4.54 bc 6.33 d 8.34 bc 9.11 abc 119.84 a
T6 129 e 5.09 bc 6.51 d 8.18 bc 8.64 bc 114.16 a
17 1.16 f 3.74d 510 e 7.45 ¢ 8.69 bc 123.26 a
Significance .001 .05 .001 0.001 0.001 Ns
Significance .001 .001

ns: nonsignificant.

DMR test applied at .5% level similar alphabets does not show significant difference.
The letters in the different columns represent a non-significant difference at p < .05% as the

DMR test.

p < .001 for the species (Table 1). Primary root and
secondary root diameter were lowest in T1, which
increased significantly toward an increasing ratio of
normal soil from T1 to T7. This shows that the
extra normal soil in entisol soil helps to lower the
bulk density of the soil, which makes the collar
diameter of the roots bigger than in T1 in this
species.

All treatment results show a decrease in the
number of primary, secondary, and tertiary roots.
The lowest number of roots was primary at 26.33
per plant, secondary at 215 per plant, and tertiary
at 255.3 per plant, recorded under T7 soil (Table 1).
The results were significant for primary and tertiary
roots at p < .05, but secondary root development
showed a non-significant result. AMF colonization
was not significantly different considering the treat-
ment factor, but showed significant differences com-
pared to AMF colonization in primary, secondary,
and tertiary roots. AMF colonization in tertiary
roots ranged from 58 to 68%, in secondary roots
from 32 to 37%, and in primary roots from 9 to
12% (Table 1). This is indicative that tertiary roots
are a primary site of AMF compared to other roots,
which helps in the higher uptake of nutrients and
water by forming strong AMF symbioses. The plant
species had the most shoot, root, and total biomass
of AMF inoculants and non-AMF inoculants in T3,
which confirms the best result. On the other hand,
the plant species was most dependent on AMF in
T1, which shows how important mycorrhiza is for
plants that grow in soils with a higher bulk density
(Table 2).

The highest dry biomass shoot found was 10.39g
and root 9.59g/plant in T3 inoculated with AMF in
T. arjuna, which was 29.71% and 19.72% higher
compared to non-inoculated control plants grown in
the same ratio of soil (Table 2). This treatment ren-
dered the highest total biomass with AMF

inoculation (Figure 1(c)). Plants grown in T1 exhib-
ited the lowest biomass, but the highest mycorrhizal
dependency calculated for the plant species in this
soil indicates the positive effects of AMF in entisol
soil for better symbiosis with hosts, enabling effi-
cient utilization of nutrients and higher resistance
mechanisms in plants.

4. Discussion

AMF inoculation in amended soil might enhance
the bulk density in entisol and help in plant growth,
as in the case of the current investigation and also
as described by [33,34]. Moreover, improved growth
and biomass due to amendment and AMF were the
result of higher nutrient and water uptake by the
plants, which can be expected in response to better
AMF growth [13,35,36].
Colonization with AMF can result in root morpho-
logical changes that are well known [37]. Similar to
the present findings, Miransari [38] reported that
AMF is important for soil aggregation, where direct
hyphal involvement is thought to be most pro-
nounced and differences in root architecture also

and fungal network

determine the overall influence of root penetration.
Some researchers also investigated that the demand
for food material AMF from the plants and regular
supply of the nutrient of the plant by AMF influence
the growth and biomass of the AMF plant [39-41].
Due to environmental factors (temperature, mois-
ture, etc.), tertiary roots expose more than the pri-
mary and secondary roots. According to some
investigations, whenever roots face any severe condi-
tion, plant roots exudate strigolactone hormones,
one of which is responsible for the AMF and root
[42,43]. Strigolactone hormones and
AMF spores produce myc factors for the association,

association

and this association is structured in the epidermal
cell of the root [42]. Mycorrhiza is always associated



MYCOBIOLOGY 187

Figure 1. Effect of different ratio of soil substrate on (a) height (cm/plant); (b) collar diameter; and (c) total dry biomass (g
plant™) of Terminalia arjuna seedling inoculated with AMF and its comparison to control plant grown in different ratio of
entisol and normal soil. Same letter of different column represent non-significant difference at p < .5% as DMR test and bar

on the column =+ standard error.

with the feeder root as compared to the main root
[44]. Further accentuated that the AM is especially
important in degraded soils for a number of reasons,
such as higher availability of nutrients and improv-
ing soil structure through extraradical hyphal net-
works, which release glomalin and help in water

infiltration [44-46]. Managing soil could thus be a
potential way to optimize the proliferation of indig-
enous AM fungi. In the present study, fertile normal
soil was mixed with entisol soil, resulting in
decreased bulk density and an improvement in
porosity that resulted in elevated plant biomass
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compared to entisol without any amendments.
Additionally, it has been demonstrated by Ryan et al.
[47], Joner and Jakobsen [48], and Debashis and
Somdatta [49], that the addition of organic matter
can increase soil porosity and decrease mechanical
soil resistance to the formation of AMF hyphae.
AMF gives better results in adverse conditions as
compared to normal soil. It is also concluded that
the high bulk density of entisol affects root diameter
but favors tertiary roots, which causes more AMF
colonization and helps in developing an efficient plant
mechanism when soil conditions are adverse in terms
of nutrients, water, and physical adherence [50,51].
We can increase the biomass and plant height by
using 40% of the normal soil (1.50g/cm?). According
to our experiment, we can conclude that 40% of the
normal soil is required to mix in the entisol soil for
the better growth of the plant [52]. The high mycor-
rhiza dependency value suggests that the AMF in
MycoSilvi is good for growing high-quality seedlings
in the field and in nurseries. It is also resistant to root
pathogen attacks, drought, heavy metal stress, and not
having enough nutrients in the soil [53]. AMF has
been shown to have a high dependence in many
tropical tree species, including Acacia nilotica [54],
Acacia melanoxylon [55], Acacia mangium [54],
speciosa  [56], Dyera polyphylla, and
Aquilaria filarial [57]. Tawaraya [58] found from the
same study that the tree species group had the high-
est mycorrhizal dependence when compared to field
crops, wild grasses, and forage crops.

Hancornia

5. Conclusions

AMF was mixed with various proportions of fertilizer,
as normal, to test its compatibility with the growth
and biomass of the T. arjuna plant. AMF colonized
the tertiary roots in the pure entisol to the highest
degree, resulting in the highest MD of plants in this
soil. When normal soil was added to entisol soil, the
bulk density went down. This made the roots bigger
and gave the T arjuna species the most biomass and
AMF compatibility. This research finds that pure enti-
sol decreases the root penetration of the plant. The
mixture of normal soil and entisol decreases the bulk
density of the soil. They increase the number of roots,
root diameter, and biomass of the plant. The AMF
associations of the entisol increase the nutrient and
water uptake in the plant. Entisol is found in large
areas of the world, and it decreases the plant growth
characteristics that are required in mycorrhiza inocu-
lation for better growth. In the future, this research
will be very helpful in developing more quantities of
forest seedlings for use in entisol.
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