We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Mycorrhizae Applications in
Sustainable Forestry

Dayakar Govindu, Anusha Duvva and Srinivas Podeti

Abstract

Arbuscular mycorrhizal (AM) association is the most common symbiotic
association of plants with microbes. AM fungi occur in the majority of natural
habitats and they provide a range of important biological services, in particular by
improving plant nutrition, abiotic resistance, and soil structure and fertility. AM
fungi also interact with most crop varieties and forest plants. The possible benefit of
AM fungi in forestry can be achieved through a combination of inoculum methods.
The mycorrhizal inoculum levels in the soil and their colonization in different forest
plant roots which leads to reduce the fertilizers, pathogen effects and fungicides
and to protect topsoil, soil erosion, and water-logging. Currently, several reports
were suggested that AM symbiosis can improve the potential for different plant
species. Two steps could be used to produce high yielding of different plant bio-
mass that would be both mycorrhizal dependency and suitability for sowing into
the field with high inoculum levels Therefore, the wide-scale inoculation of AM
fungi on forest trees will become economically important. The successful research
is required in the area of mass production of AM fungal inoculum and AM fungi
associated with roots which will contribute to sustainable forestry.

Keywords: mycorrhizae, sustainable forestry, mycorrhizal dependency, biomass

1. Introduction

Arbuscular mycorrhizal fungi are ubiquitous soil microorganisms. AM fungi have
great potential to increase plant growth and soil aggregate formation which improves
soil quality and development of plant health [1] AM fungi and microorganisms in
the rhizosphere contaminate roots and fabricate rich nutrients condition for plant
development [2]. The advantage of AM growths in the field conditions with singular
organisms is commonly identified with the rate and degree of mycorrhiza arrangement
[3]. Management of AM fungi is required in forestry for high yielding and biomass
production to be derived from economic and environmental conditions. Determining
the magnitude of benefits from improved AM fungi management the three important
factors are required. 1. Mycorrhizal dependency 2. Nutrient status of soil 3. Potential
of AM fungal inoculum. The terrestrial plant roots develop AM fungi with natural
resources of 80-90% symbiosis [4]. Global occurrence in forest ecosystems and form
50% of microbial biomass in the tropical ecosystem [5]. Among different important
functions of the plant-fungal symbiosis, plant growth promotion activity is stimulated
by the phosphorus uptake [6]. AMF increase nutrient uptake for the plants, particularly
immobile nutrients such as phosphorus (P), copper (Cu), and zinc (Zn) in the soil
which are not accessible to plant roots in normal condition due to slow immobility [7].
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Moreover, AM fungi support tolerance to the plants from different environmental
stresses such as salinity, drought, heat, and pollutants in the rhizosphere soil [8, 9].
Presently, effective management of AM fungi is possible by agronomic practices.

Mycorrhizal dependency (MD) is the most important in developing the manage-
ment of crop plants and forest trees. Forest plant species derive profit from AM fungi
to facilitate equally, another crop species is highly dependent on AM fungi for nutri-
tion, biomass, and growth [10]. The most agricultural plants and forest tree species
are hosts of AMF, not all benefit equally. The RFMD (relative field mycorrhizal
dependency) proposed by Plenchette et al. [11] expresses the difference in dry bio-
mass between mycorrhizal and non-mycorrhizal treatments as a percentage of the
biomass of mycorrhizal treatment. This method is very useful in the ranking of dif-
ferent host plants with an individual experiment but absolutely the values of RFMD
will depend on the nutrient status of the soil. Abbot and Robson [12] have suggested
the need to assess the importance of AM to a host across a full range of soil P levels
by determining the response curves for mycorrhizal and non-mycorrhizal plants.

In some forest soils, the response of some crop species to AM fungi is expressed
as N as well as phosphate benefits [13]. AM inoculation did not significantly
increase shoot dry matter of rice, but it produced significantly higher in biomass
than the non-mycorrhizal ones.

A perusal of the Table 1 reveals that all the 10 tree saplings have shown mycorrhizal
infection. However, the percent of colonization varied with the tree species. Maximum
colonization was observed in Azadirachta indica followed by Albizia lebbeck, Gliricidia
maculate. Least colonization was observed in Tamarindus indica. The differences in
infection are due to edaphic conditions and the age of the plant. With few exceptions,

a direct correlation can be observed between the percent of mycorrhizal colonization
and phosphorus content of the plants. Although the saplings with a high percent of
colonization show high MD, there is no direct correlation between these two parame-
ters. For instance, the Leucaena leucocephala with 78 colonization has shown more MD
than Azadirachta indica with the highest AM fungal colonization. Thus it is obvious

S. No. Plant species % of P content (%) Mycorrhizal
colonization Mycorrhizal Non-mycorrhizal De}:\;lllc;e)ncy
Shoot Root Shoot Root

1 Acacia nilotica 67 0.20 0.30 0.12 0.20 170

2 Albizia lebbeck 88 0.80 0.90 0.60 0.70 240

3 Albizia procera 72 0.70 0.90 0.50 0.60 210

4 Hardiwikia 76 0.50 0.70 0.23 0.28 196
binata

5 Gliricidia 80 0.70 0.80 0.30 0.40 215
macula

6 Leucaena 78 0.60 0.80 0.31 0.70 213

leucocephala
7 Acacia 71 0.40 0.40 0.20 0.26 183
melanoxylon

8 Azadirachta 90 0.90 0.90 0.71 0.80 253
indica

9 Tamarindus 54 0.10 0.10 0.09 0.12 104
indica

10 Tectona grandis 78 0.60 0.80 0.70 0.83 212

Table 1.

Mycorrhizal dependency of some foresty tree species saplings.
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that the extent of mycorrhizal colonization has no relation with MD. The plants even
with moderate infection may also exhibit high Mycorrhizal dependency. Mycorrhizal
dependency of Acacia nilotica lowers as the P-level in soil was increased [14].

2. Distribution of AM fungi in forestry

Forests play a progressively more crucial role in gathering the demand for timber
and ecological protection, nearly 25% (one fourth) of India’s total land area is now
under forest land and tree cover. The diminishing soil quality is the main warn-
ing to sustainable forest management, mostly in planted forests. Microorganisms
show significant functions in soil formation, aggregation nutrient cycling, nutrient
uptake, and reclamation of ecosystems [15]. The arbuscular mycorrhizal fungi
(AMF) form symbiotic associations by the plant roots of more than 80% of plants
[16], and they play a crucial role in the successful organization and maintenance
of plant communities [17]. AMF hyphae can add phosphorous (P), which cannot
be absorbed by root hairs, and the AMF soil mycelial arrangement provides many
profits to host plants [18] as well as plant growth promotion [19, 20] and develop-
ment of plant resistance to abiotic stress and disease [21]. Additionally, AM fungi
can be favorable to soil aggregation as the outcome of the activities of hyphae
and glomalin protein secretion [22] therefore, the incidence and colonization of
AM fungi would be helpful to the survival of forest seedlings and the sustainable
managing of forests. Furthermore, the AM fungal species associated with plant
species have elucidated different functions to host plants and influences on the dis-
tribution, diversity, and restoration of plant community [23]. The diversity of AM
fungi is significantly important to forest ecosystems and can be important for plant
community and productivity [24, 25]. Though, information about the diversity of
AMF associated with tree species in forest plants is inadequate. It is a known fact the
AM fungi are extensive in different ecosystems, and their colonization and spore
propagules are also affected by soil physicochemical characteristics [26]. The abiotic
factors could influence on root colonization and fungal spore population.

The AM fungi colonization and spore commune compositions in the rhizosphere
of the tree species were estimated. The outcome of this study would provide close
on the utilization and supervision of AM fungi to keep sustainable management of
forests [27].

2.1 Forest soils

Table 2 reveals that AM fungal spore population was found highest in
Kothagudem soil of Albizia lebbeck, while it was lowest in Godavarikhani soils of
Acacia nilotica. The AM fungal spore population range was varying in the rhizo-
sphere soils of Kothagudem followed by Yellendu, Bhopalpally, and Kothagudem. On
other hand, rhizosphere soil showed a great variation in the incidence of different
AM fungi both qualitatively and quantitatively. Glomus species was dominating in
all the rhizosphere soils, followed by Gigaspora species was recorded highest in the
rhizosphere of Acacia nilotica of Bhopalpally soil and it was least in Kothagudem.
Similarly, Sclerocystis species was found highest in Kothagudem soil of Acacia
nilotica, while it was least in Godavarikhani soil of Acacia nilotica. Acaulospora
species was recorded highest in Bhupalpally and it was lowest in Godavarikhani soil.
No Acaulospora species was observed in Godavarikhani and Yellandu the soils of
Albizia lebbeck. Scutellospora was least in Godavarikhani and Bhupalpally soils. In the
rhizosphere soils of the analyzed tree species, bountiful spore numbers, and high
decent varieties of AMF species were found (Figure 1) [28].



Location Plant species Cumulative spore number Individual spore incidence
Glomus Gigaspora Sclerocystis Aculospora Scutellospora
Kothagudem A.lebbeck 155.0 + 1.53 98 21 32 4 —
A.nilotica 92.7 + 145 63 12 1 6 —
Bhupalpally A.lebbeck 106.7 £ 1.20 76 12 9 6 3
A.nilotica 1370 +1.73 72 35 16 9 5
Godavarikhani A.lebbeck 823+ 0.88 48 16 12 — 6
A.nilotica 637 +1.45 39 13 8 3 —
Yellandu A.lebbeck 982+0.33 57 23 18 — —
A.nilotica 118.7 £ 1.45 80 15 10 7 6
Table 2.

Incidence of AM fungi in two Agroforestry tree species of four forest sites of North Telangana. Fovest soils.
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Figure 1.
Isolation and selection of AM fungi for host plant.

2.2 Coal mine soils

Table 3 results showed that AM spore number in rhizosphere soil was studied in
different Coal mine sites of North Telangana. The results are depicted that AM spore
population was observed in two different plant species. AMF root colonization is pre-
sented in Figure 2, highest root colonization was recorded in the Kothagudem sample
of Albizia lebbeck, while it was a significantly higher level of AM fungal spore popu-
lation was also seen in the same sample. The lowest colonization was found in Acacia
nilotica of Godavarikhani, but the moderate spore population was observed. The low-
est level of mycorrhizal colonization was found in Godavarikhani and Bhopallpally
rhizosphere samples of Albizia lebbeck and Acacia nilotica respectively. However,
the AM fungal spore population incidence varies. The highest AM fungal spore
population was recorded in Kothagudem soil followed by Bhopalpally and the same
trend was observed in Godavarikhani and Yellandu. The AM fungal spore population
varied from species to species. Glomus species was dominated in all the rhizosphere
soil samples of two plants. Past investigations have additionally detailed Glomus and
Acaulospora to be the dominant genera in different woods [26, 29]. Gigaspora species
was highest in the rhizosphere of Albizia lebbeck of Kothagudem, while it was signifi-
cantly lowest in Yellandu soils followed by Sclerocystis, Acaulospora, and Scutellospora.
Similarly, Acaulospora species was found highest in the rhizosphere of Albizia lebbeck
of Bhopalpally. Sclerocystis species was found highest in Kothagudem soils, while it
was lowest in Bhopalpally soils. Scutellospora spore incidence was observed more in
the rhizosphere of Acacia nilotica than A.lebbeck, but it was found less number in
other samples. Interestingly, No Scutellospora species was recorded in the rhizosphere
of Albizia lebbeck in Godavarikhani soil as shown in Table 4.

Some AM fungi react diversely to soil disturbances, for instance, Hart and
Reader [30] identified that species from the suborder Glomineae were substantially



Location Plant species Cumulative spore number Individual spore incidence
Glomus Gigaspora Sclerocystis Aculospora Scutellospora

Kothagudem OCS A.lebbeck 79.7 £1.45 31 26 11 8 3

A.nilotica 613 +1.76 26 15 9 6 4
Bhupalpally A.lebbeck 55.7 +2.33 33 1 4 5 2
0cs A.nilotica 63.3+0.88 29 12 10 9 3
Godavarikhani A.lebbeck 73.0 +173 44 14 10 5 —
0cs A.nilotica 48.7+1.20 17 15 6 6
Yellandu A.lebbeck 53.7 + 145 29 10 7 5 2
0cs A.nilotica 443+ 0.88 15 13 10 4 2

Table 3.

Incidence of AM Fungi in two Agroforestry tree species of four coal mine Opencast sites(OCS) of North Telangana.
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Figure 2.

Percentage of root colonization in two different soil types. KDM-Kothagudem, GDK- Godavarikhani, BPL-
Bhopallaly, YLD-Yellandhu.

S.No Treatments Root Height Biomass Phosphorus
colonization of (g) (mg/g)
(%) plant Fresh Dry Shoot Root
(cm) wt. wt.
Albizgia lebbeck
1 Glomus fasciculatum 726 1121 1252 108.8 0.36 0.12
(Rhizophagus
fasciculatum,)
2 Glomus aggregatum 764 120.2 142.6 116.3 0.42 0.38
(Rhizophagus
aggregatus)
3 Gigaspora gigantea 50.2 83.2 1111 86.2 0.36 0.16
4 Acaulospora foveata 524 96.6 1283 110.6 0.26 0.18
5 Sclerocystis sp. 39.7 86.5 98.2 65.3 0.14 0.10
6 Control — 76.0 90.0 62.4 0.32 0.15

Acacia nilotica

1 Glomus fasciculatum 70.0 160.1 168.1 1419 0.46 0.34
(Rhizophagus
fasciculatum)
2 Glomus aggregatum 624 1489 152.6 133.6 0.32 0.27
(Rhizophagus
aggregatus)
3 Gigaspora gigantea 69.6 154.2 156.1 139.2 041 0.29
4 Acaulospora foveata 50.4 120.2 136.2 99.3 0.25 0.16
5 Sclerocystis sp. 376 97.0 111.2 84.5 0.32 0.22
6 Control — 68.8 72.8 59.1 0.22 0.12
Table 4.

Screening of Albizia lebbeck and Acacia nilotica for efficient strains of AM fungi.

less tough to soil disturbances than species from the suborder Gigasporineae, likely
because of the qualities of either colonizing plant roots generally by hyphae or
by spores.
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Figure 2 shows the highest root colonization in the rhizosphere of Albizia
lebbeck of Yellendu, while it was least in Bhopalpally soil. The percentage of root
colonization was significantly varied with the type of soil. AM colonization was
recorded moderately in the soil of Godavarikhani. No correlation could be observed
between AM colonization and the spore population.

3. AM fungal inoculum development

AMF resting spores collected by stereo binocular microscope were surface steril-
ized with 200 ppm streptomycin for 15 min and washed in sterile distilled water for
several times. The starter culture was prepared by soil funnel techniques [31]. A glass
funnel was filled (3/4th) with autoclaved soil and sand (1:1) and the neck was loosely
plugged with cotton wool. The funnel was kept over a conical flask (filled with sterile
water). Spores were spread near the neck and covered with a thin layer of soil. Seeds of
Pennisetum glaucum (surface-sterilized) were evenly sown and watered (sterile). After
10-15 days, the roots can be seen sprouting from the neck. Meanwhile, they get infected
by AMF spores at the neck. After 25 days, roots were examined for root colonization.

When an adequate amount of growth was obtained by frequent sowing of
seeds, this inoculum was transferred into small plastic pots filled with sand and
soil (2:1) and mixed uniformly. Pots were transferred to the greenhouse and seeds
of Zea maize and Pennisetum glaucum were sown. Pots were watered now and then
with Hoagland nutrient solution without phosphorus and placed under uniform
daylight. At the time of flowering of plants, the upper shoot system was cut off
and fresh seeds were sown. After 2-3 months, the roots were mixed with soil and
employed as inoculum for further experiments. Figure 1 explains the isolation and
screening of AM fungi for the selected host plants.

4. Screening of AM fungal species for efficiency

The effect of native AM fungi on the mycorrhizal intensity in terms of root
colonization and spore number in rhizospheric soil of Albizia lebbeck and Acacia
nilotica has been presented in Table 4 respectively. In the comparative studies, all
the Glomus species showed a significant difference in colonization.

Biomass of treated plants in the form of fresh weight recorded in Albizia lebbeck
(A.l) and Acacia nilotica (A.n) is ranging from 90.0 to 142.6 g and 72.8 t0 168.1 g,
respectively. Likewise, root/shoot dry weight ranging from 62.4 to 116.3 g and 59.1
to 141.9 g, respectively, at the time of growth in the transplanted site. Minimum
root/shoot growth was recorded in control plants. In comparison to control, all
other treated plants showed the highest root/shoot growth. The maximum root/
shoot growth of Albizia lebbeck (142.6 g) was recorded in Glomus/Rhizophagus
aggregatus treatment. In Acacia nilotica (168.1), the highest growth was observed in
Glomus fasiculatum and followed by Gigaspora gigantea.

In this study, all the five treatments gave the best results when compared with
control (non inoculated tree species) Glomus/Rhizophagus aggregatus supports
Albizia lebbeck showed the highest root colonization and helps the plants to uptake
the nutrients such as root/shoot Phosphorus content (0.42/0.38 mg/g). In Acacia
nilotica the highest shoot/root phosphorus content (0.46/0.34 mg/g) showed by
treatment with Glomus fasiculatum.

Among all the five monoculture treatments Glomus/Rhizophagus fasciculatum
and Rhizophagus aggregatus gave the best plant growth in all the parameters records
plant height, biomass, and Phosphorus content. In this study percentage of AMF
root colonization is directly proportional to the biomass and phosphorus content.
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5. NPK fertilizers

The use of NPK fertilizers to enhance crop plant production include fertilization
is specified to the soil and liquid forms of NPK that are sprayed on top of crop plants.
In this time, plants are mostly fulfilled by giving solid fertilizers containing macronu-
trients, especially N inorganic continuously and without pains to restore the nutrients
and absorb the essential elements with plants and causing the decrease of soil fertility
[32, 33]. The use of extreme fertilizer is a waste of money and disturbs the stability
of nutrients in the soil and increases environmental pollution [34, 35]. To improve
the crop productivity and quality of outcome is required to be useful by reasonable
tertilizer influences as a result that the proportion of nutrient absorption by plants is
balanced and use of one type of fertilizer based on site-specific suggested doses [36].
The site-specific nutrient considers the potential of soils to give usual nutrients recov-
ery [37]. To develop the nutrient status in the soil which administers the N-inorganic
tertilizers in the required amounts of P, and K fertilizers are essential to increase crop
production.

The compound fertilizers are containing the mineral elements, which need for
the successful growth and development of plants. Mineral elements are necessary for
optimal doses. Nitrogen, phosphorus, and potassium have enormous effects on plant
growth and development. The deficiencies results indicate clear effects on the growth
and yield of the crop plants. Nitrogen is a chlorophyll element, which promotes green
color and vegetative growth of plants [44]. In agricultural systems, the most impor-
tant crop nutrients are nitrogen (N), phosphorus (P), and potassium (K) [37].

Nitrogen fertilizing doses increase the protein levels and crop plant biomass, but
the completion of N elements only without P and K will cause plants to simply drop,
very sensitive to pest attacks disease, and reduced the quality of crop production
[38]. Phosphorus nutrients in the soil absorbed by plants will be supported by P
elements specified during fertilization [39]. Nutrient uptake of N, P, and K plants
increases with an increasing dosage level of K fertilizer. Potassium is an important
component involved in maintaining plant water conditions; it is responsible for
regulating stomata opening and closing activities [40]. The multiple inorganic
fertilizers added to plants can be either solid form or liquid. The spray of liquid
fertilizer to the plants can play a role in improving the properties of the soil and
supporting to enhance crop production [41, 42]. The application of liquid inorganic
fertilizers is to make it an easy and efficient use of fertilizers by crop plants.

6. Effect of agrochemicals on interactions of Rhizobium and AM fungi
on the growth of two forest trees

Different combination of agrochemicals (Captan, Sevin, TCP, Urea, 2, 4-D,
DAP) along with Rhizobium and AM fungi were inoculated to test plants com-
binations are as follows Captan + Glomus fasiculatum (G.f.) (A), Sevin + G.f.(B),
TCP + G.f.(C), Urea + G.f. + Rhizobium sp.(D), 2,4-D+ G.f. + Rhizobium sp.(E),
DAP + G.f. +Rhizobium sp.(F), Control+ SS+ Rhizobium sp.(G).

AM fungal infection was maximum in plants receiving treatment of E followed
by D and F in descending order, while it was low in plants receiving treatment of A
and B (Table 5). The spore population also increased in the presence of C, D, and F.
Treatments C and D, promoted the plant growth. However, E promoted the maximum
height followed by F and D plants, while it was least in B treated plants. Similarly, the
treatment of E stimulated nodulation and biomass production. On the other hand,

F and D influenced nodulation to an intermediate degree. The addition of tricalcium
phosphate adversely affected growth-promoting activity. The degree of nodulation

9



(1)

Trestments Infection(%) No. of spores/ 100 g soil Plant height No. of nodules/ Biomass Phosphorus content

(cm) plant (mg/plant)

Freshwt. Drywt. Shoot Root

Albizia lebbecl
Captan + G.f (A) 478 +1.28 83.0 + 0.82 53.0 + 0.82 — 22.5+0.22 154 +0.16 0.15+0.01 0.17 +0.01
Sevin+Gf.(B) 49.0 + 0.54 104.0 + 1.63 373 +1.25 — 20.8 + 0.29 175+ 0.25 0.28 + 0.01 0.34 £ 0.02
TCP + G.£.(C) 425+0.21 114.0 + 0.82 54.3£1.25 — 351+0.53 263+ 0.34 0.22 +0.01 0.35+0.02
Urea + G.f. + Rhizobium sp.(D) 56.5 +1.25 118.0 + 0.82 62.0 +1.63 46.0 +1.63 28.0 £1.30 18.7 £ 017 0.24 £ 0.01 0.34 £ 0.02
2,4-D+ G.f. + Rhizobium sp.(E) 58.5+0.22 1273 +1.70 66.0 +1.63 56.0 + 1.63 38.3+0.39 26.6 + 0.42 0.36 + 0.02 0.23 +0.02
DAP+G.f. + Rhizobium sp.(F) 564 +0.15 112.0 £ 1.63 64.0 +1.63 55.3+249 37.3+£0.70 291+ 0.29 0.14 + 0.02 0.28 + 0.01
Control+ SS + Rhizobium 46.5+1.25 104.0 £ 1.63 48.0 £ 0.82 — 272+ 0.82 164+ 0.25 044 £0.22 0.47 +0.01
sp.(G)
Acacia nilotica
Captan + G.f (A) 55.2+0.78 129.0 + 0.82 529+0.29 — 7.06 + 0.01 3.92+0.02 0.12+0.01 0.15+0.01
Sevin+Gf.(B) 64.5 + 0.50 183.6 +2.05 64.4 +0.17 — 745+ 0.02 4.14 + 0.03 0.17 +0.01 0.14 + 0.02
TCP + G.£.(C) 61.2+0.49 165.6 +2.05 674 + 0.87 — 8.75+0.02 4.56 £ 0.01 0.21+0.01 0.16 + 0.02
Urea + G.f. + Rhizobium sp.(D) 68.1+0.37 2123 +1.70 676+ 0.59 34.0 £1.63 9.16 + 0.02 5.06 + 0.01 0.22+0.01 0.14 +0.01
2,4-D+ G.f. + Rhizobium sp.(E) 578 +1.25 1543 £1.25 63.0 + 0.62 376 +1.25 8.05+ 0.03 6.26 + 0.01 0.17+0.01 013+0.01
DAP+G.f. + Rhizobium sp.(F) 54.5+0.68 1226 £1.25 483 +1.03 276 +1.25 6.94 + 0.01 3.72+0.02 0.13+0.01 091+0.01
Control+ SS + Rhizobium 33.0 £ 0.62 109 + 0.82 42.7 £ 0.37 — 542+ 0.02 3.03+0.02 091+0.01 0.61+0.01
sp.(G)

Mean + S.D. G.f. Glomus fasiculatum, and SS = Sterile soil.

(415240, PUD 2NININATY UL UOLIDZIJIY) - LU [DZ1YALOIAAT

Table 5.
Effect of agrochemicals on intevactions of rhizobium and AM fungi on the growth of two forest trees.
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decreased in the presence of captan and sevin which may also partly be due to the
absence of Rhizobium. The biomass production varied with the agrochemicals tried.
The maximum biomass production was recorded in the treatment E, while it was low in
sevin treated plants. Similarly, the phosphorus content in shoot and root increased. The
increase was more in root than in shoot. Treatments of F and C have adversely affected
both the tree species. Maximum root infection was observed in A. nilotica plants receiv-
ing treatment D followed by B (Table 5). Root infection was least in E and F treatments.
The stimulatory effect was comparatively more in treatment B than A. similar trend
was observed in the spore population. The maximum spore population was recorded in
plants receiving D treatment followed by B. It was low in F treated plants. Treatments
A, C, and F adversely affected the AM infection and spore population.

The biomass production varied with the agrochemicals tried. The maximum AMF
root colonization and biomass production was observed in the treatment E, while it
was low in sevin treated plants. Similarly, Maximum plant height was recorded with
tertilizers, while it was low in F treated plants. Nodulation increased in plants treated
with E along with Rhizobium, while it was low in D and F. Treatments of A, B and
C were responsible for inhibition of nodulation. On the other hand, the increased
biomass production was recorded in plants treated with D and least in F. [43, 44] have
recorded the adverse effect of some agrochemicals on AM colonization and growth
and development of plants studied by them. Marginal change in physico-chemical
characteristics of soils with the addition of different agrochemicals. The pH of the
soils ranged between 7.0 and 8.1, and in C, E, and B soil was comparatively more alka-
line. Maximum EC was recorded in D plants, while it was least in C plants. Organic
matter was maximum in E plants, while it was low in B treated plants. Available
phosphorus was also considerably increased in soils receiving different agrochemicals.
Maximum available phosphorus was recorded in E treated soils followed by F and D
treated plants. Available potassium was maximum in G. fasciculatum treated plants,
followed by F plants and it was considerably low in D.

The root-based hyphal network in soils is the primary inoculum for seedlings that
become established on natural grasslands. However, the inoculants colonized roots
have some profound disadvantages since they may contain more than one mycor-
rhizal fungus and may also contain pathogenic organisms. Spores are possibly the best
inoculants for laboratory experiments because the features diagnostic of individual
species are present only in the spores developed primarily on extra metrical hyphae.
Natural soil of crops and forests may contain varying numbers of spores of differ-
ent AM fungal species. The dual culture using sterile soil with some kind of quality
control is believed a practical approach to produce a high level of inoculants for
commercial applications. A pot culture of Glomus versiforme on Sudan grass (Sorghum
vulgare) can produce up to 107 spores per month over an extended period [45]. Spores
from colonized soil near the colonized roots collected from field or pot cultures can be
extracted using the traditional wet-sieve method. This approach and the later modi-
fied techniques are widely used in extracting spores from soils with modifications.

7. Applications of AM fungi

Arbuscular mycorrhizae show up as an exceptionally encouraging and mon-
etarily reasonable device for the foundation of practical models of rural creation,
because of their ability to expand the assimilation of fundamental supplements to
plant development and increment their resistance to unfavorable ecological condi-
tions, consequently keeping up soil quality and its gainful potential. Although
enhancements in soil quality and plant nutritional status, for mycorrhizae applica-
tion, was less investigated [46]. Various investigations have indicated that AM
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Fungi can expand plant health and yield [47, 48]. These symbionts offer an eco-
accommodating natural sound substitute to compound composts and pesticides
for managing both plant quality and quantity in farming, cultivation, and ranger
service. AM Fungi is currently viewed as the base of sustainable farming; so, there
is a need to speed up its management in rural establishment frameworks [49].

The development of AM fungal hyphae is promoted by root exudates and is depen-
dent on the arrangement of an appressorium increases the chance of hyphal entrance in
the root framework. Dry weight and mycorrhizal dependence are the two most com-
monly utilized methods for assess AM fungal impact on plants [50]. Fungal impacts on
plant physiology, for example, mineral nutrition especially phosphorus, plant execu-
tion, and plant assurance are significant segments in surveying contagious productivity.

AM fungi may similarly have connections among plant development advancing
rhizosphere (PGPR) life forms. The impact of AM immunization may shift since
numerous elements can impact the event of AM fungi [12].

8. Conclusion

The plant root infection and spore population were good in the forest soils and
they were less in the overburden coal mine spoils. AMF exhibit different distribu-
tion patterns between these two soil types, where Glomus is dominant among all the
species, Scutellospora and Aculospora were least in population. The high Mycorrhizal
dependency value suggests that mycorrhizal inoculation would be useful in producing
vigorous seedlings. In the nursery, which establish better and withstand some amount
of drought and pathogenic infection. Seedlings inoculated with the indigenous AMF
monoculture showed the highest biomass and phosphorus content when compared to
non-mycorrhizal (controls), those plants grew very poorly. Within the AM fungi selec-
tion of perfect efficient indigenous mycorrhiza inoculations are needed for revegeta-
tion of disturbed sites. By the efficient AMF inoculation, the agroforestry tree species
showed the best results in the form of increasing biomass and phosphorus uptake.

AM fungi and Plant Growth Promoting Rhizobacteria (PGPR) are significant
parts in forest development and helps to increase biomass production [51]. There is
aneed of long term field studies to screen the efficent AM fungi in the revegetation
sites and synergistic effects on indigenous microflora on tree growth.

Author details

Dayakar Govindu, Anusha Duvva and Srinivas Podeti*
Department of Biotechnology, Kakatiya University, Warangal, Telangana State,
India

*Address all correspondence to: srinivas7586 @gmail.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

12



Mycorrhizae Applications in Sustainable Forestry

DOI: http://dx.doi.org/10.5772/intechopen.94580
References

[1] Zou, Y. N., Srivastava, A. K., Wu, Q.
S. Glomalin: a potential soil conditioner
for perennial fruits. Int. J. Agric. Biol.
(2016). 18, 293-297. doi: 10.17957/
IJAB/15.0085.

[2] Rodriguez A., Sanders I. R. (2015).
The role of community and population
ecology in applying mycorrhizal fungi
for improved food security. ISME J. 9,
1053-1061. 10.1038/isme;j.2014.207.

[3] Graham, J. H., Eissenstat, D. M. and
Drouillard, D. L. 1991. On the relationship
between a plant’s mycorrhizal dependency
and rate of vesicular-arbuscular
colonization. Funct. Ecol. 5: 773-779

[4] Parniske M (2008) Arbuscular
mycorrhiza: the mother of plant root
endosymbioses. Nat Rev Microbiol 6:
763-775

[5] Olsson PA, Thingstrub I,
Jakobsen I, Baath E (1999) Estimation of
the biomass of arbuscular mycorrhizal

fungi in a linseed field. Soil Biol
Biochem 31:1879-1887

[6] Ortas I, Kaya Z, Cakmak I (2001)
Influence of VA-mycorrhiza inoculation
on growth of maize and green pepper
plants in phosphorus and zinc deficient
soils. In: Horst W], Schenk MK, Burkert
A et al (eds.) Plant nutrition: Food
security and sustainability of agro-
ecosystems through basic and applied
research. Kluwer Academic Publishers,
Dordrecht, pp 632-633

[7]1 Ortas I (2003) Effect of selected
mycorrhizal inoculation on phosphorus
sustainability in sterile and non-

sterile soils in the Harran plain in

South Anatolia. ] Plant Nutr 26:1-17.
doi:10.1081/pln-120016494

[8] Aranda E, Scervino JM, Godoy

P et al (2013) Role of arbuscular
mycorrhizal fungus Rhizophagus
Custos in the dissipation of PAHs under

13

root-organ culture conditions. Environ
Pollut 181:182-189. doi:10.1016/j.
envpol.2013.06.034.

[9] Bowles TM, Barrios-Masias FH,
Carlisle EA et al (2016) Effects of
arbuscular mycorrhizae on tomato
yield, nutrient uptake, water relations,
and soil carbon dynamics under deficit
irrigation in field conditions. Sci Total
Environ 566:1223-1234. doi:10.1016/j.
scitotenv.2016.05.178.

[10] Mehdi, Z., S.R. Nahid., H.A.
Alikhani and A. Nasser. Responses of
lentil to co-inoculation with phosphate-
solubilizing rhizobial strains and

arbuscular mycorrhizal fungi. J. Plant
Nutr., (2006) 29: 1509-1522.

[11] Plenchette, C., Fortin, J.A. &
Furlan, V. Growth responses of several
plant species to mycorrhizae in a soil
of moderate P-fertility. Plant Soil 70,
199-209 (1983).

[12] Abbott L.K, Robson. A.D (1991).
Factors influencing the occurrence
of vesicular arbuscular mycorrhizas

agriculture ecosystems and environment
35,121-150.

[13] Wellings, N. P., & Thompson,

J. P. (1993). EFFECTS OF VAM

AND P FERTILIZER RATE ON. In
Proceedings of Second Asian Conference
on Mycorrhiza: Bogoy, Indonesia, 11-15
March 1991 (No. 42, p. 143).

[14] Sharma, M.P., Atimanav Guar,

N.P. Bhatia, Alok Adholeya (1995).
Response of Acacia nilotica to
indigineous VAM fungal inoculation
and single superphosphate fertilization
in degraded waste soils. In mycorrhizae
biofertilizers for the future. (eds).
Proceedings of the third national
conference on Mycorrhiza, pp. 534-540.

(15] Liu, D.; Liu, Y.; Fang, S.; Tian, Y.
Tress species composition influenced



Mycorvhizal Fungi - Utilization in Agriculture and Forestry

microbial diversity and nitrogen
availability in rhizosphere soil. Plant
Soil Environ. 2015, 10, 438-443

[16] Fernandez, N.; Fontenla, S.;
Messuti, M.I. Co-occurrence of
arbuscular mycorrhizas and dark
septate endophytes in pteridophytes
from a Valdivian Temperate Rainforest
in Patagonia, Argentina. In Mycorrhiza:
Occurrence in Natural and Restored
Environments; Pagano, M., Ed.; Nova
Science Publishers: New York, NY, USA,
2011; pp. 99-126

[17] Smith, S.E.; Read, D.J. Mycorrhizal
Symbiosis, 3rd ed.; Academic Press:
New York, NY, USA, 2008; pp. 13-41.

18] Cardoso, E. J. B. N., Vasconcellos, R.
L. F,, Bini, D., Miyauchi, M. Y. H., Santos,
C.A.D., Alves, P.R. L., ... & Nogueira,
M. A. (2013). Soil health: looking for
suitable indicators. What should be
considered to assess the effects of use
and management on soil health?. Scientia

Agricola, 70(4), 274-289.

[19] Wicaksono, W.A.; Sansom, C.E.;
Jones, E.E.; Perry, N.B.; Monk, J.;
Ridgway, H.J. Arbuscular mycorrhizal
fungi associated with Leptospermum
scoparium (manuka): E ™ ffects on
plant growth and essential oil content.
Symbiosis 2018, 75, 39-50.

[20] Zhang, T.; Hu, YJ.; Zhang, K.; Tian,
CY.; Guo, J.X. Arbuscular mycorrhizal
fungi improve plant growth of Ricinus
communis by altering photosynthetic
properties and increasing pigments
under drought and salt stress. Ind. Crop.
Prod. 2018, 117, 13-19.

[21] Li, J.; Sun, Y.; Jiang, X.; Chen, B.;
Zhang, X. Arbuscular mycorrhizal fungi
alleviate arsenic toxicity to Medicago
sativa by influencing arsenic speciation

and partitioning. Ecotoxicol. Environ.
Saf. 2018, 157, 235-243.

[22] Leifheit, E.F.; Veresoglou, S.D.;
Lehmann, A.; Morris, E.K.; Rillig,

14

M.C. Multiple factors fluence the role
of arbuscular mycorrhizal fungi in soil
aggregation-a meta-analysis. Plant Soil
2014, 374, 523-537.

[23] Van der Heijden, M.G.A;
Klironomos, J.N.; Ursic, M.; Moutoglis,
P; Strietwolf Engel, R.; Boller, T.;
Wiemken, A.; Sanders, I.R. Mycorrhizal
fungal diversity determines the plant

diversity, ecosystem variability and
productivity. Nature 1998, 398, 39-72.

[24] Bever, ].D.; Schultz, P.A.;
Pringle, A.; Morton, H.B. Arbuscular
mycorrhizal fungi: More diverse than

meets the eye, and the ecological tale of
why. Bioscience 2001, 51, 923-932.

[25] Jiang, ].; Moore, J.A.M.; Priyadarshi,
A.; Classen, AT. Plant-mycorrhizal
interactions mediate plant community

coexistence by altering resource
demand. Ecology 2017, 98, 187-197.

[26] Jamiotkowska, A.; Ksi ,e zniak, A.;
Gat ,azka, A.; Hetman, B.; Kopacki,
M.; Skwary-Bednarz, B. Impact of
abiotic factors on development of the
community of arbuscular mycorrhizal
fungi in the soil: A Review. Int.
Agrophys. 2018, 32, 133-140.

[27] Chen, Y. L., Liu,R.J.,Bi, Y. L., &
Feng, G. (2014). Use of mycorrhizal
fungi for forest plantations and minesite
rehabilitation. In Mycorrhizal Fungi:

Use in Sustainable Agriculture and Land
Restoration (pp. 325-355). Springer,
Berlin, Heidelberg.

[28] Wang, ]., Wang, G. G., Zhang, B.,
Yuan, Z., Fu, Z., Yuan, Y, ... & Zhang,
J. (2019). Arbuscular mycorrhizal fungi
associated with tree species in a planted
forest of Eastern China. Forests, 10(5),
424,

[29] Zhao, ZW.; Wang, G.H.; Yang, L.
Biodiversity of arbuscular mycorrhizal
fungi in a tropical rainforest of

Xishuangbanna, southwest China.
Fungal Divers. 2003, 13, 233-242.



Mycorrhizae Applications in Sustainable Forestry

DOI: http://dx.doi.org/10.5772/intechopen.94580

[30] Hart, MM; Reader, R]. Do
arbuscular mycorrhizal fungi recover
from soil disturbance differently?
Tropical Ecology, 2004, 45, 97-111.

[31] T.H.Nicolson (1996) Vesicular-
arbuscular Mycorrhiza -a plant
symbiosis sci prog.,0xf,55,561-581

[32] S. L. Tisdale, Nelson and J.D.
Beaton, Soil Fertility and Fertilizers
(Machimilan Publising Co, New York,
1985),pp. 143-144.

[33] Bastari, Penerapan Anjuran
Teknologi Untuk Meningkatkan Efisiensi
Penggunaan Pupuk (Pusat Penelitian
Tanah dan Agroklimat, Bogor, 1996),
pp. 7-36.

[34] S. Adiningsih, J. S. Moersidi, M.
Sudjadi and A.M. Fagi, “Evaluasi
Keperluan Fosfat pada Lahan Sawah
Intensifikasi di Jawa,” in Prosiding
Lokakarya Nasional Efisiensi
Penggunaan Pupuk (Pusat Penelitian
Tanah dan Agroklimat, Bogor, 1989),
pp. 67-68.

[35] S. Rochayati, Muljadi and J.S.

Sri Adiningsih, “Penelitian Efisiensi
Penggunaan Pupuk di Lahan Sawah,” in
Prosiding Lokakarya Nasional Efisiensi
Penggunaan Pupuk (Pusat Penelitian
Tanah dan Agroklimat, Bogor, 1991),
pp- 107-143.

[36] Dirjentan, “Program dan kebijakan
pemerintah dalam pengembangan
agribisnis jagung,” in Prosiding Seminar
dan Lokakarya Nasional (Pusat
Penelitian dan Pengembangan Tanaman
Pangan, Bogor, 2005), pp. 1-10.

[37] A. Dobermann and T. Fairthurts,
Rice nutrient disovders and nutrient
management (Internasional Rice
Research Institute (IRRI), Los Banos,
2000), pp. 192.

[38] A. Rauf, B. M. Shepard and M. W.

Johnson, Int. J. Pest. Manage 46, 257-
266 (2000).

15

[39] Fi’liyah, Nurjaya and Syekhfani,
Jurnal Tanah dan Sumberdaya Lahan
3(2), 329-337 (2016)

[40] Jones, J. B. Wolf and F. L. A. Mills,
Plant Analysis Handbook (Micro-Macro
Pub. Inc., USA, 1991), pp.213.

[41] Indrakusuma, Proposal Pupuk
Organik Cair Supra Alam Lestari (PT
Surya Pratama Alam, Yogyakarta,
2000),pp. 67.

[42] M. Sutedjo, Pupuk dan Cara
Pemupukan (Rineka Cipta, Jakarta,
1999), pp. 45.

[43] Anasuya, D. J. Soil Biol. Ecol., 1996,
16, 35-39.

[44] .Rachel, E.K., Shailaja, K.M., Reddy,
S.R. and Reddy, S.M. ].(1996). Effect of
some agrochemicals of VAM infection

and growth of sunflower. Indian bot.
Soc., 1996, 75, 179-181.

[45] B.A Daniels,A.Menge.(1981).
Evaluation of the commercial potential
of the vesicular arbuscular mycorrhizal
fungus, Glomus epigaeus. New

phytologist. 87(2), 345-354.

[46] Da Silva Folli-Pereira M., Garlet J.,
Bertolazi A.A. Arbuscular Mycorrhizal
Fungi and Their Potential Applications
for Sustainable Agriculture. In:

Yadav A., Mishra S., Kour D.,

Yadav N., Kumar A. (eds) Agriculturally
Important Fungi for Sustainable
Agriculture. Fungal Biology. Springer,
Cham(2020)

[47] Mader P., Edenhofer S., Boller T.,
Wiemken A., Niggli U.. Arbuscular
mycorrhizae in a long-term field

trial comparing low-input (organic,
biological) and high-input
(conventional) farming systemsin a
crop rotation. Biol. Fertil. Soils (2000) 31
150-156. 10.1007/s003740050638

[48] Hijri M “Analysis of a large dataset
of mycorrhiza inoculation field trials



Mycorvhizal Fungi - Utilization in Agriculture and Forestry

on potato shows highly significant
increases in yield”. Mycorrhiza. 2016
Apr; 26(3):209-14.

[49] Lone, Rafiq, et al. "Arbuscular
mycorrhizal fungi for sustainable
agriculture." Probiotics and Plant Health.
Springer, Singapore, 2017. 553-577.

[50] Giovannetti, Manuela, et al.
"Analysis of factors involved in fungal
recognition responses to host-derived
signals by arbuscular mycorrhizal
fungi." New Phytologist 133.1 (1996):
65-71.

[51] Haselwandter, Kurt, and

Glynn D. Bowen. "Mycorrhizal
relations in trees for agroforestry and
land rehabilitation." Forest Ecology and
Management 81.1-3 (1996): 1-17.

16



