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Arbuscular mycorrhizal fungi (AMF) are the key factor for the growth of plants in nature. In the present study, 10
common invasive plant species and one native dominant tree species Tectona grandis were selected to understand
the colonization pattern of AMF in the roots. Rhizosphere soil and root samples of selected invasive plant species
were taken from the Tropical Dry Deciduous Forest of Belgahna Range of Bilaspur district, Chhattisgarh. The
roots were observed under a microscope followed by clearing with KOH and staining with lactophenol cotton
blue. In all invasive plant species and in 7. grandis, arbuscular mycorrhizal (AM) colonization was more than 85%
(89.00 = 1.70 to 97.70 + 0.88). All three morphological types of AM colonization, i.e., Arum-type, Paris-type, and
Intermediate-type were observed in all samples. The shape of vesicles ranged from irregular to rounded shape.
Different intra-radical vesicles’ sizes and shapes suggested that different species of AM fungus had colonized roots.
In most of the samples, vesicles were mostly irregular in shape, elliptical, oval, spherical, and rectangular, indicating
the dominance of Acualospora spp. and Glomus spp. The present study, regarding the occurrence of AM fungi in
10 invasive plants and 1 native plant 7. grandis will provide basic information on the diversity of AM colonization
patterns, which may be utilized to understand the interaction between AMF and invasive plant’s roots. The similarity
in colonization patterns in invasive and native species shows that AMF association may be one of the reasons for the
existence and proliferation in the Tropical Forest of Central region.

1. INTRODUCTION

AMF-phylum Glomeromycota are known to play a significant role

Arbuscular mycorrhizal fungi (AMF) are one of the essential microbial
communities thriving in the rhizosphere [1]. AMF colonization starts
with the spores, they start the catabolism of stored lipids and then
feed the byproducts to the pre-developmental hyphae for germination
[2]. The mycelium that grows outside of the root is referred to as
extraradical mycelium. The location of fungal structures within roots
has led to the classification of Arbuscular mycorrhizal (AM) fungal
colonization into three types: Arum, Paris, and Intermediate. The
linear fungal hyphae of the Arum-type, which is common in field
crops, propagate intracellularly and develop into arbuscules on brief
lateral branches [3]. The fungal hyphae in the Paris-type, which is
more prevalent in naturally developing plants, spread intracellularly
across cells to create hyphal or arbusculate coils [4,5].
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in terrestrial ecosystems because they help to improve plant nutrition,
particularly through the absorption of low mobility nutrients from soil
solutions such as P, Zn, and ultimately Cu, to increase plant ability to
withstand drought, salinity, and pathogen tolerance, and to improve
soil quality framework [6-8]. AM symbiosis can be expressed as
the relationship between soil-borne fungi and the roots of higher
plants, which corresponds to an advantageous relationship without
jeopardizing the plant [9].

A significant portion of the plant approximately 72% of plant
species on land that these ancient groups of fungi establish
connections with has obligatory symbionts as an important part. They
form their relationship with soil and plants by extending their extra
radical mycelium in the soil beyond the depletion zone, they improve
the uptake of water and nutrients, especially immobile nutrients like
phosphorus [P], which is important for agroecosystems [10-13].
According to DNA sequence evaluations and fossilized evidence, the
relationship between fungi and the roots of plants has existed for at
least 450 million years [14,15]. To date, 334 AM fungi have currently
been identified worldwide [16].

The functions of AMF in ecosystems have not received much attention;
however, a number of functions related to plant growth responses to
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AM colonization, beyond just phosphorus uptake, have been reported
[17,18]. Moreover, there is evidence suggesting that variations in
the composition of AMF communities may have distinct effects on
plants, and may contribute to plant diversity, ecosystem variability,
and productivity.

Although the distribution of AMF is worldwide but the diversity of
AMF is more in tropical regions. Tropical forests, play an important
role in the proliferation of AMF in the biodiverse ecosystems. The
distribution of AM fungi in tropical forests is influenced by various
factors including soil type, climate, vegetation, and land-use practices.

Invasive plants are a new challenge for the growth and development
of native plant species. Natural activities and human activities both are
responsible for the introduction and invasion of alien plant species in
the natural forest [19].

Invasive species known as weeds invade controlled and natural
settings, in which they supposedly fight with other plants for resources
including water, nutrients, sunshine, and space [20]. Enemy release,
resource utilization efficiency, and the new weapons hypothesis are a
few of the highly complicated mechanisms and processes underlying
plant invasion in non-native locations [17-23]. Climate change,
enemy release, and several other theories have been the subject of
numerous studies. Still, little is known about biotic resistance and how
it influences how some soils become more prone to plant invasion than
others [23,24]. It has been demonstrated that invasive plants benefit
from these typically common beneficial fungi during invasion [25,26].

The role of below-ground diversity is very important and has a
positive relation with above-ground diversity, which has been poorly
studied in relation to the expansion and invasion of invasive species in
tropical forests. AMF is one of the major components of below-ground
diversity which have a unique role in plant growth and development.
In view of the role of AM fungi in the regeneration, growth, and
development of native and invasive plants, the present study aimed to
study the colonization pattern of AMF in the root of common invasive
plants and dominant tree species of the tropical forest to understand the
possible mechanism of sustainable invasion of invasive plant species.

2. MATERIALS AND METHODS
2.1. Study Area

Tropical Dry Deciduous Forest and Tropical Moist Deciduous Forests
are the two main types of forests found in Chhattisgarh. The study site

is situated at 22° 30'32” N, 82° 4’6" E, in Bilaspur Forest Division,
Chbhattisgarh, India. This location is 55 km away from Bilaspur district.
This study site is dominated by Teak trees. Along with teak and other
forest tree, many invasive plant species also thrive in Belgahna forest.
The samples were collected from 10 common invasive plants and the
teak plant from the teak-dominated tropical dry deciduous forest area
of Belgahna.

2.2. Selection and Identification of Plants

The plants have been selected on the basis of their presence near the
forest tree species. Plants were identified on the basis of morphological
traits. Ten common herbaceous plants were selected on the basis of
availability near the forest tree (Table 1).

2.3. Sample Collection

The investigation was carried out in the teak-dominated forest area
of Belgahna, Forest Area. Root samples were collected from the
rhizosphere of the 10 selected invasive plants and the dominant tree
Tectona grandis. Root samples were collected in triplicate. Samples
were brought to the laboratory for processing of root samples. Root
samples were processed immediately.

2.4. Root Clearing and Staining Process

The “Rapid Clearing and Staining Method” was used to assess AM
colonization in the roots [23,27]. Roots were gently washed 2—3 times
with distilled water and chopped into small segments approximately
1 cm long. These root segments underwent a 24-hour cleaning
procedure at 90°C in 10% KOH for 1 hour, then a 20-minute 1% HCI
acidification. After acidification roots were stained with Lactophenol
cotton blue stain for 24 hours, following this, stained root segments
were placed in Lactophenol for a day to remove extra stain and then
put into a glass tube for further process and study.

2.5. Assessment of AM Fungal Root Colonization

AM colonization was assessed based on the presence of AM fungal
structure inside the root. Approximately 100 segments of the root of
each plant species were studied for the assessment of AM colonization.
Stained roots were placed on the slide and were mounted in a lactic
phenol solution. Each slide has 10 root pieces, observed under a
microscope for the presence of AM colonizing structures, i.e., hyphal
coil, arbuscules, vesicles, intraradical spore, and colonization pattern

Table 1. Invasive plants selected for AMF colonization pattern from the tropical dry deciduous forest of Belgahna.

S.No. Plants name

—_

Acmella radicans | Jacq.] R.K.Jansen
Ageratum conyzoides L

Alternanthera sessilis [ L.] DC

Blumea lacera [ Burm.f.] DC

Chromolaena odorata [ L.] RM.King & H.Rob.
Elephantopus scaber L

Malvastrum coromandelianum [ L.] Garcke
Senna tora [ L.] Roxb

Sida rhombifolia L.

Urena lobata L.

o ® N 0k wDd

—_ =
- o

Tectona grandis L.f.

Common name Family
White Spot-Flower Asteraceae
Billygoat-Weed, Chick Weed, Asteraceae
Carpet Weed Amaranthaceae
Jangli Muli Asteraceae
Butterfly Weed, Christmas Bush, Asteraceae
Tronweed, Asteraceae
Three lobe False Mallow Malvaceae
Sicklepod, Sickle Senna Fabaceae
Arrow leaf, Bala, Malvaceae
Caesar weed or Congo Jute Malvaceae
Teak Lamiaceae
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Table 2. Different attributes of AMF colonization.Nd = Not detected, I = Intermediate type, A = Arum type, P = Paris type.

S. No. Plant name Spore (%) Vesicles (%)
1. Acmella radicans 25.66+2.60 77.33+1.76
2. Alternanthera sessilis Nd Nd
3. Ageratum conyzoides 18.00+0.57  78.00+1.15
4. Blumea lacera 24.00 £0.90 84.30 £ 1.20
5. Chromolaena odorata 12.33+ 1.45 87.67+0.88
6. Elephantopus scaber 15.00+2.08  73.67+1.76
7. Malvastrum coromandelianum 18.00+£2.08 7430+ 1.20
8. Senna tora 56.00+1.20  86.67+1.45
9. Sida rhombifolia Nd 81.00+£0.58
10. Urena lobata 32.33+£0.66 74.00+1.20
11. Tectona grandia 8.00£1.15 99.00 + 0.47

Arbuscules Hyphal coil Mycelium c:;?):filz:tli\:n Type of AM

(%) (%) (%) (%) colonization
73.00 £ 1.15 16.33 +0.88 95.00+1.15 95.00+1.15 I

Nd Nd Nd Nd ND
70.00 £ 1.15 59.00 £ 1.15 89.00 +1.70 89.00 £ 1.70 1
68.00 +3.21 53.00 £ 1.20 94.67 = 0.88 94.67 +0.88 I

Nd 57.00 £ 1.52 94.70 £ 1.45 94.70 + 1.45 P
57.00 +0.57 Nd 92.67+2.72 92.67+2.72 A
59.33+1.76 57.67 +0.66 92.30 + 0.88 92.30 +0.88 I
69.33 +0.88 5430+ 1.45 97.70 = 0.88 97.70 = 0.88 I

Nd 60.33 +1.76 95.00+1.80  95.00+1.80 P
61.70 + 1.45 7133 +1.45 97.67 +0.88 96.33 +0.88 I

Nd Nd 99.00 + 0.47 99.00 + 0.47 A

of AM fungi. The root slide technique was used to evaluate the root
colonization [28].

2.6. Micrography and Data Analysis

The micrographs of AM colonization were taken by magnus
MX211Iledfs11 microscope and micrographs were analyzed by using
HP Wide Vision HD Camera. The mean value of AMF colonization,
number of vesicles, hyphal coil, arbuscules, and spores were recorded
manually. Mean value, standard deviation, and standard error have
been calculated by using MS Excel.

3. RESULTS

The colonization percentages of various plant species by AMF across
different colonization parameters, including, vesicles, arbuscules,
hyphal coils, mycelium, and total colonization percentage in the
cortical cells of plant root.

The result of the present study has shown AMF colonization in all
invasive plants except Alternanthera sessilis and the native tree
species 1. grandis plant species from Belgahna Teak Forest. The roots
have shown three morphotypes of AMF which are Arum-type, Paris-
type, and Intermediate-type. Arum-type, characterized by arbuscules,
and Paris-type, characterized by coils; nevertheless, data indicates
that, depending on the host plant and the fungus, there may be a
continuum between both. Intercellular or intracellular linear hyphae
in intracellular hyphal coils or arbuscules indicate intermediate-type
AM morphology. No detectable AM fungal structures were observed
in A. sessilis indicating a lack of association with AMF, hence, a non-
mycorrhizal plant (Table 2; Fig. 1 ALT 1-3).

The root pieces of all eight invasive species and one native tree
species 1. grandis were observed under the microscope representing
a variety of AMF colonization patterns. The percentage root segment
colonization of AM fungi was more than 89% in invasive as well as
in native plant roots. All three types of AM colonization patterns
were observed in the study area. Among the three morphotypes of
AM fungi, intermediate types of AM colonization were dominant
with the roots of six invasive plant species namely Acmella
radicans, Ageratum conyzoides, Blumea lacera, Malvastrum
coromandelianum, Senna tora, and Urena lobata plant species
(Table 2; Fig. 1, ACM-1-3, AZE-1-3, BLU-1-3; Fig. 2. MAL 1-3,

Figure 1. Different attributes of AM fungi in invasive plants. ACM, Acmella
radicans; ALT, Alternanthera sessilis; AZE, Ageratum conyzoides; BLU,
Blumea lacera; CHR, Chromolaena odorata; V, Vesicles; ARB, Arbuscules;
HC, Hyphal Coil; S, Spore; and Bar-100 pm.

SEN-1-3, URE 1-3). Paris-type of AM colonization was observed in
Chromolaena odorata (Fig. 1 CHR 1-3) and Sida rhombifolia (Fig.
2. SID 1-3). Arum-type had fungal hyphae in the intercellular space
and arbuscules emerged from intercellular hyphae present in the
cortical cells of Elephantopus scaber (Fig. 2, ELE-1-3). Arum-type
od AM colonization was predominantly detected in the dominant
tree species 7. grandis (Fig. 3 TEC 1-3) with the highest degree of
AM colonization in the study area.
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Figure 2. Different attributes of AM fungi in invasive plants. ELE,
Elephantopus scaber; MAL, Malva spp; SEN, Senna tora; SID, Sida
rhombifolia; URE, Urena lobata; Tectona grandis, L., V, Vesicles, ARB,
Arbuscules; HC, Hyphal Coil; S, Spore; and Bar-100 pm.

Figure 3. Different attributes of AM fungi in dominant native plant 7ectona
grandis. V, Vesicles; S, Spore; Bar-100 pm.

Arbuscules are the site of nutrient transfer from the host cell to the
hyphae of AMF and vice versa. In the rest of the 10 plant species,
arbuscules were observed in seven invasive species. The presence of
arbuscules percentage ranged from 57.00 = 0.57 to 73.00 + 1.15 root.
Arbuscules were not detected in the roots of A4. sessilis, C. odorata,
and S. rhombifolia. Another important structure of AMF fungi is the
hyphal coil which was present in eight invasive plant species and 7.
grandis (Table 2; Fig. 3 TEC 1-3).

A maximum number (87.67 £+ 0.88) and minimum number (73.67 +
1.76) of vesicle percentage was found in C. odorata and E. scaber,
respectively. Different shapes and sizes of vesicles were observed in
the host plants. Oblong and spherical vesicles were the most common
followed by elliptical rectangular and irregular vesicles. Some vesicles
had hyphal attachments in the base (Figs. 1 and 2). Oval and elliptical
vesicles between the cortical cells can be considered Glomus species
(Figs. 1 and 2, BLU-1; CHR1-2; SID-2,3; SEN-1). Irregularly shaped
vesicles or rectangular vesicles can be an indication of Acaulospora
species. giant oblong vesicles were also observed but could not be
linked to any particular genus (Fig. 1, ACM-1).

Some of the host plants had spores in the cortical cells (Fig. | CHR-2).
One of the host plants had sclerotium (Fig. 1, CHR-3). Though various
spores were seen during the microscopic study in different host plants,
a thin-walled small spore was captured in the roots of C. odorata
(Fig. 1, CHR-2). There was no correlation observed between AM
colonization and intraradical spores. The higher degree of spores was
observed inside root cells was in S. fora, and the minimum number of
spores was in 7. grandis, irrespective of the highest AM colonization
(Table 2).

4. DISCUSSION

AMFs are known to be multifunctional in natural ecosystems as
well as in agricultural land and improve soil by improving the
physical, chemical, and biological properties of soil [29,30]. The
level of mycorrhizal association is more or less similar in invasive
plant species and native tree species. The degree of AMF association
can affect nutrient competition and absorption rates in an invaded
environment [31]. Out of 10 invasive plants, 9 have shown great AM
colonization which can suggest higher AMF dependency of plants
[32]. Some previous studies also suggest that some invasive plants
can be non-mycorrhizal [33,34]. Invasive plant species unveiled
noteworthy differences in structures of vesicles, hyphae, hyphal
coil, arbuscules, and AMF percent colonization rates some previous
studies also suggested that the symbiosis of AMF may vary in
native and invasive plants [35,36]. Some of the plants use alternate
methods for disrupting AMF colonization in native plants which is
reported in previous studies that invasive plants may release some
bio-chemicals in soil which affects native plants’ growth and creates
significant competitiveness [18,34,37]. The presence of AMF in all
the examined host plants suggests the widespread association of
AMF in invasive plants. Some previous studies have also reported
the AMF association with invasive plants and their description
[38—41]. AMF morphotype identification was earlier reported in the
plants of the family Solanaceae [29]. The vesicle is known as one
of the typical organs of mycorrhizal fungi that store nutrients, and
it plays a role in the host plants’ survival [31,42]. For the host plant
to withstand unfavorable environmental circumstances, the creation
of a vesicle structure can protect its limited supply of carbohydrates
[31,43]. The variations in the structures of vesicles show how
they alter different plants and their development in identical
surroundings. In addition, with recent findings [31,44.,45], hyphal
development and penetration can be the primary method for AMF
infection in invasive species. One of the most important aspects of
an AM fungus’s life cycle is the production of storage organs such as
spores and vesicles [46]. Oval and elliptical vesicles in intercellular
space are significant for Glomus species and have been reported
previously in different plants [47,48]. Irregular, oblong-lobed
vesicles were linked to Genus-Acaulospora in this study similarly
some previous studies also reported that irregular-lobed vesicles
are a characteristic feature of the Genus Acaulospora [47-49]. A
comparative study of AM colonization in invasive plant species and
the dominant tree species shows a similar level of AM colonization.
This may be one of the reasons that invasive plants very well thrive
in the tropical forest.

5. CONCLUSION

AMF are mutualistic fungi, ubiquitous in nature. AM fungi play
an important role in the plant’s growth and distribution. Invasive
plants grow well in adverse conditions and compete for nutrition
and space with the seedlings of forest trees. A similar type of AM
fungal colonization pattern was detected in the roots of invasive and
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native plants. Although these invasive plants compete with native
plants; on the other hand, these invasive plants are a good source
for the proliferation of AM fungi in the forest soil. These annual
invasive plants’ roots may provide a good source of inoculum for the
regeneration of native and invasive plants in favorable seasons.
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