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resistance to soil-borne pests and disease, improved resistance to 
drought, tolerance to heavy metals and better soil structure [5-7]. 
The AMF host obtains maximum benefit when the mineral nutrient 
regime is least favorable for growth [8]. In turn, plants direct four per 
cent to 20 percent of photo assimilate to mycorrhizas [9]. Hyphae 
work as conduits that transport carbon from plant roots to other 
soil organisms involved in nutrient cycling processes. Though the 
AMF association can offer multiple benefits to the host plant, it may 
not be mutualistic at all points in time and it is possible under some 
conditions, host plants lose C with no apparent benefit, sometimes 
resulting in the decline in plant growth [10]. Hence appropriate 
selection of the AMF species and standardization of application is 
crucial. 
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INTRODUCTION

Arbuscular Mycorrhizal Fungi (AMF), a group of obligate bio trophic 
fungi belonging to the Phylum Glomeromycota, are among the oldest 
fungi in terrestrial systems on earth. The symbiotic relationship of 
these fungi with plants which appeared 400-460 million years ago is 
assumed to have played an essential role in the establishment of pre-
vascular plants on the land [1,2]. Around 230 morphospecies of these 
fungi has been identified and described [3]. Symbiotic associations 
of AMF and plant roots are widespread in the natural environment 
and can provide a range of benefits to the host plant. Its presence 
can significantly increase root surface area by the production of 
extensive hyphae, increase transpiration, reduce leaf temperature 
and restrain the decomposition of chlorophyll [4]. This helps in 
improved nutrition absorption, especially phosphorus, enhanced 

ABSTRACT
Aim: Exotic tree species to get established outside their place of origin have to form new associations with the local 
Arbuscular Mycorrhizal Fungi (AMF) species that are sufficient to compensate the gap that the native AM fungal 
symbionts provide to them in their place of origin. The present study throws some aspects on the efficacy of three 
native species of AMF on growth and seedling quality of Swietenia macrophylla, an exotic to peninsular India.

Methods: Polybag raised seedlings were inoculated with (Funelliformis mosseae, Rhizophagus intraradices, Rhizophagus 
proliferus) at different levels (10, 20 and 50 g inoculum per seedling).

Results: Among the AMF species, seedlings treated with Funelliformis mosseae showed improved growth. The 
physiological parameters of these seedlings were also good. The Mycorrhizal Efficiency Index (MEI) of seedlings 
inoculated with Funelliformis mosseae was 58.28%. Root colonization (35.33%) and total pore count was also found to 
be higher for this mycorrhizal symbiosis. The experiment showed that mycorrhizal association also helped to reduce 
the nursery period of the inoculated seedlings.

Conclusions: It was demonstrated that the native AM fungal community can be efficiently used for improving 
the growth and nutrient status of AM-inoculated mahogany seedlings. Funneliformis mosseae proved to be one such 
native species of AMF. It also contributed to the increase in the physiological aspects of the mahogany seedlings. If 
properly managed, the nursery time of the seedlings can be substantially reduced which can bring down the cost of 
production to a greater extent. 
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Mahogany (Swietenia marcophylla King.) is one of the most 
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important tree species that is widely used for raising plantations 
and afforestation in the tropics [11]. Recent years have seen a higher 
demand for this species motivating the farmers to grow this species in 
homesteads of tropical areas like peninsular India [12,13]. However, 
being an exotic tree, the species do have limitations in the absence 
of pre-adaptation strategies, which includes an ideal AMF partner to 
tide over the stress factors in the new locality. The success of exotic 
plantations also depends on the use of potential microbiological 
inoculants. This is more pronounced in the nursery stages, where 
the goal is to produce high quality seedlings. Studies have shown 
that exotic plant species commonly form symbioses with AMF in 
low host specificity that in turn improves water and nutrient uptake 
and increases the invasion success [14,15]. In many tree seedlings, 
the inoculation of AMF was found beneficial resulting in seedlings 
of higher quality [16,17]. The high percentage of root colonization 
in AMF treated seedlings is found to be directly correlated with 
improved growth and physiology. Despite these, AMF is an 
unexploited potential bio-fertilizer in forest nurseries that can be 
utilized for quality tree seedling production. 

Evolving appropriate nursery management strategies to enhance 
productivity and thereby reducing the long nursery period 
has remained a basic challenge for successful exotic species 
establishment. The use of AMF in the nursery has been a boon to 
forest nursery managers in the context of producing quality seedlings 
cost effectively. Being exotic in India, mahogany seedlings are poorly 
studied about their physiological responses to AMF applications. A 
preliminary screening of the suitability of some of the native strains 
of AMF on this important exotic tree species was found to enhance 
the stress tolerance levels in the nursery. The present study has been 
designed to assess the symbiotic efficiency of selected native strains 
of AMF on the growth and quality of Swietenia macrophylla seedlings. 
The hypothesis to be tested was that different strains of native AMF 
at varying inoculation strengths help in the establishment of the 
seedlings and also how it influences the quality of seedlings in the 
nursery.

MATERIALS AND METHODS

The present investigation was conducted in a nursery at the College 
of Forestry (COF), Kerala Agricultural University, Vellanikkara, 
Thrissur, Kerala during the period 2013 to 2015 (10°32’N latitude 
and 76°26’E longitude). The area experiences a warm and humid 
climate with distinct rainy seasons and a total rainfall of 3000 mm.

The experiment was laid out as a 32 factorial Completely 
Randomized Design (CRD) with the three species of AMF viz., 
Funneliformes mosseae, Rhizophagus intraradices and R. proliferus as the 
first factor and three levels of inoculation viz., 10 g, 25 g and 50 g of 
inoculum as the second factor. The three AMF strains were selected 
after a preliminary screening experiment to select the most suitable 
species for the local edaphic conditions. The experiment had nine 
treatment combinations, each of which was replicated five times 
with 30 seedlings per replication. A separate set of materials without 
inoculation served as the control.

Vermi-paste (1000 spores in 100 g) containing pure cultures of 
these native species were obtained from The Energy Research 
Institute, New Delhi (TERI) and stored in refrigerated condition. 
Mass multiplication of the AMF was done in grow bags filled with 
autoclaved soil as a medium and Zea mays as a host. The plants were 
irrigated daily using sterile water. Each plant was supplied with 50 ml 
of hoagland's solution at an interval of 10 days [18]. The maize roots 

were checked for colonization frequently [19]. The shoot portion 
of the maize was removed when the root colonization was more 
than 80 per cent and the soil containing the roots were thoroughly 
mixed to obtain inoculum and stored in 4°C for inoculating the 
seedlings. The spore count obtained at this stage was 10 per g of 
soil. The mahogany seeds were collected locally from good mother 
trees. Mature mahogany pods were collected from the tree and kept 
in shade for after-ripening. The seeds were dewinged and treated 
with 100 ppm Benzyl Adenine (BA) for 12 hours before sowing. 
The pretreated mahogany seeds were surface sterilized (0.01 per cent 
sodium hypo-chloride for 10 min), washed in sterile water and sown 
in sterilized sand in trays. The trays were irrigated daily to ensure 
moisture for the seeds to germinate.

Potting media containing soil (sieved in 0.5 mm mesh) and sand 
mixture (1:1) was sterilized by solarization (8 days) and fumigation 
with 0.5 per cent formaldehyde for 20 days. The potting media was 
kept in open and then mixed repeatedly to remove the formaldehyde 
residues. The fumigated mixture was then transferred to the 
greenhouse and polythene bags (11.43 × 15.24 cm, gauge 75 micron) 
were filled with potting media, leaving 4 cm space at the top. The 
inoculums of the three different mycorrhizae at three different 
concentrations as per the treatments were placed in polybags (Table 
1). These were covered with 1:1 homogenous mixture of sterile 
soil and sand up to 2 cm. Thirty days old seedlings obtained from 
the sand beds were transplanted to these polybags and maintained 
under open condition. These seedlings were arranged in three blocks 
of 30 seedlings each and grown in open condition throughout the 
experimental period and irrigated well.

Observations were taken after 150 days of inoculation of seedlings 
with AMF. For the seedling height and collar diameter 12 plants per 
replication were taken. Another set of 12 seedlings were destructively 
sampled simultaneously to determine root measurements, biometric 
and growth observations. The vigour index I and vigour Index 
II, quality index and bio-volume index were also estimated at the 
end of the study period [20]. Chlorophyll content (SPAD-502, 
Minolta), photosynthetic and transpiration rate (LI-6400, LICOR 
Inc., Nebraska), the pre-dawn water potential (Scholanders pressure 
bomb, Plant Moisture Stress (PMS) instruments, Oregon) and 
Relative Water Content (RWC) of seedlings were measured. 

The percentage AMF colonization in the root samples of different 
treatments at the end of the study was determined following the 
procedure of. The extrametrical chlamydospores produced by 
the AMF were estimated following the wet sieving and decanting 
technique [21]. Mycorrhizal use Efficiency Index (MEI) or mycorrhizal 
dependency allows assessment of the growth improvement produced 
by inoculation of plants with a mycorrhizal fungus. MEI were 
estimated for the seedlings from all the treatments [22]. 

The data were subjected to One-Way Analysis of Variance (ANOVA) 
using R-agricolae package [23]. Based on the outcome of ANOVA 
on all data, posthoc analysis was performed to separate the means.

RESULTS 

There were significant differences in the growth, physiology and 
quality of mahogany seedlings produced due to inoculations (Table 
1-4). For all the biometric characters, except the leaf area, the 
inoculated seedlings showed a significant difference when compared 
to the un-inoculated seedlings. Among the inoculated seedlings those 
treated with Funneliformis mosseae showed the best performance for all 
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the characters. The different concentrations of the mycorrhizae tried 
in this experiment did not show any significant difference for any of 
the growth characters of the seedlings. Inoculating the seedlings with 
AMF also influenced the growth parameters of the seedlings. Vigour 
index 1 and 2, were higher for the seedlings treated with Funneliformis 
mosseae. The interaction effect was also found to be significant for 
vigour index 1, vigour index 2 and relative growth rate. The relative 
growth rate was highest for the combination Funneliformis mosseae at 
25 g. The net assimilation rate was highest for the seedlings when 
the combination was Rhizopahagus proliferus at 25 g. The values for 
all the other combinations were at par. The physiology of mahogany 
seedlings, influenced by different treatments, were also studied 
(Table 2). The photosynthesis rate was significantly different for 
inoculated seedlings when compared to the un-inoculated seedlings 
of mahogany. The photosynthesis rate of the seedlings inoculated 
with the two species of Rhizophagus was at par and it was observed that 
the values (5.87 µ mol CO

2
 m-2 s-1) were higher when compared for 

the seedlings treated with Funneliformis mosseae (3.96 µ mol CO
2
 m-2 

s-1). The difference in the concentration of the mycorrhizal treatment 
did not influence the photosynthetic rate. No significant difference 
in stomatal conductance and rate of transpiration was observed 
between different AMF treatments, however, the un-inoculated 
seedlings showed higher values for both stomatal conductance 
(0.93 mol H

2
O m-2 s-1) and rate of transpiration (1.61µmol H

2
O 

m-2 s-1), when compared to the inoculated seedlings. The AMF × 
concentration interaction had a significant influence on the stomatal 
conductance and rate of transpiration of the seedlings. The stomatal 
conductance and the rate of transpiration were significantly higher 
for all the treatment combination except for the seedlings treated 
with Funneliformes mosseae at 10 g, the lowest value obtained were 
(0.01 mol H

2
O m-2 s-1) and (1.48 61 µ mol H

2
O m-2 s-1) respectively 

for stomatal conductance and rate of transpiration. The seedlings 
treated with Funneliformis mosseae showed the lowest leaf temperature 
(30.42°C). It was also observed that the seedlings treated with 
different concentrations of AMF showed a significant difference in 
the leaf temperature. Seedlings inoculated with 10 g of AMF showed 
the lowest value (30.74°C) when compared to other treatments. 
The AMF × concentration interaction effect was not significant. 
inoculated with different species of chlorophyll content of the 
seedlings AMF did not vary significantly. However, the different 
concentrations of AMF had a significant effect on the chlorophyll 
content of the seedlings. The highest value 51.03 and 49.26 (Soil 
Plant Analysis Development (SPAD) units), were observed when the 
concentrations of AMF were 25 g and 50 g respectively. The AMF 
× concentration interaction effect was not significant. The plant 
water potential of the seedlings inoculated with different species 

of AMF did not vary significantly, whereas the concentrations of 
AMF had a significant effect on the plant water potential of the 
seedlings. The highest plant water potential (0.57 megapascal) was 
observed for the seedlings when the concentrations of AMF were 
50 g, whereas the plant water potential of the seedlings for the other 
two concentrations was at par. The AMF × concentration interaction 
effect was not significant for the treatments compared. The relative 
water content of the seedlings treated with different AMF showed 
significant differences with the species of the AMF. The seedlings 
treated with Funneliformis mosseae showed the highest relative content 
(72.32 %) when compared to other AMF species. Similarly, it was 
observed that the relative water content of the seedlings increased 
as the concentration of the AMF increased. However, the AMF × 
concentration interaction effect was not significant for various 
treatments that were compared. The root colonization percent of 
mahogany seedlings as influenced by different mycorrhizal treatments 
revealed that the AMF and concentration effect on the seedlings 
were significant (Table 3). The total spore content and colonization 
percentage were highest for the seedlings treated with Funneliformis 
mosseae. The effect of the concentration on both the total spore 
count and colonization was found to have a linear relationship. The 
interaction effect was also found to be significant. The total spore 
count of the soil and colonization percentage was highest for the 
treatment combination of the AMF Funneliformis mosseae at 50 g. 
The lowest spore count was observed for the treatment combination 
Rhizophagus sp. at 10 g concentration. The difference in the quality of 
the seedlings subjected to different mycorrhizal treatments (Table 4). 
The result showed that the bio-volume of the seedlings treated with 
Funneliformis mosseae was the highest. For the other two Rhizophagus 
sp. the value for the bio-volume was at par. The mycorrhizal efficiency 
index of the seedlings treated with Funneliformis mosseae too was the 
highest. For the other two Rhizophagus sp. the value for the mycorrhizal 
efficiency index was again at par. The concentration of the AMF did 
not show any significant difference for the bio-volume index, quality 
index and mycorrhizal efficiency index. The AMF × concentration 
interaction was significant for the bio-volume index, quality index 
and mycorrhizal efficiency index. The highest bio-volume was 
observed for the treatment combination Rhizophagus intraradices at 10 
g and the lowest value was observed for the treatment combination 
Rhizophagus proliferus at 10 g. The lowest value for the quality index 
of the seedlings was observed for the combination Rhizophagus 
intraradices at 10 g. The mycorrhizal efficiency index of the seedlings was 
at par for the seedlings treated with Funneliformis mosseae irrespective of 
the concentration level and for the treatment combination Rhizophagus 
intraradices at 10 g and Rhizophagus proliferus at 50 g.

Table 1: Effect of different Arbuscular Mycorrhizal Fungi (AMF) treatments on the biometric and growth parameters of Swietenia macrophylla seedlings.

Treatments
Shoot 
height 
(cm)

Collar 
diameter 

(mm)

Leaf 
area 
(cm2)

Shoot dry 
weight (g)

Root Dry 
weight (g)

Shoot-root 
biomass 

ratio

Vigour 
index 1

Vigour 
index 2

Relative 
growth 

rate

Arbuscular 
mycorrhizal 

fungi 

Funneliformis mosseae 42.61 6.92 410.16 3.88 2.56 3.12 9.13 1.5 55.2

Rhizophagus intraradices 34.92 6.28 289.2 3.01 2.33 2.32 6.77 1.48 45.5

Rhizophagus proliferus 30.8 5.86 474.35 2.28 2.6 2.5 7.15 1.41 48.32

Concentration

10 gm 37.81 6.38 351.3 3.42 2.43 2.73 7.89 1.5 50.93

25 gm 35.03 6.15 334.24 2.62 2.39 2.38 6.64 1.45 48.33

50 gm 35.49 6.53 488.17 3.13 2.67 2.83 8.52 1.44 49.76
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Control 22.00* 5.50* 120.44 1.15 2.09* 1.16* 35.40* 3.65* 1.38*

SEM 2.19 0.34 90.07 0.48 0.32 0.43 2.04 0.99 0.03

LSD 4.41 0.68 181.04 0.97 0.64 0.86 4.1 1.99 0.05

df 20 20 20 20 20 20 20 20 20

Note: (*): With control indicate significant differences between AMF inoculated seedlings; SEM: Scanning Electron Microscopy; LSD: Lysergic Acid 
Diethylamine; df: Degrees of Freedom applicable only to the AMF treatments.

Table 2: Effect of different treatments on the physiology of Swietenia macrophylla seedling.

Treatments
Chlorophyll 

(SPAD 
units)

Photosynthesis 
(µmol CO2 m

-2 
s-1)

Transpiration 
(µmol H2O 

m-2 s-1)

Leaf 
temperature 

(°C)

Stomatal 
conductance 

(mol H2O 
m-2 s-1)

Relative 
water 

content 
(%)

Plant 
water 

potential 
(Mpa)

Main effects

Arbuscular 
mycorrhizal 

fungi 

Funneliformis mosseae 46.33 3.96 1.08 30.42 0.07 72.32 0.49

Rhizophagus intraradices 50.51 5.87 1.4 30.99 0.08 71.08 0.5

Rhizophagus proliferus 46.03 5.12 1.24 31.46 0.07 70.54 0.52

Concentration

10 gm 42.59 4.32 1.04 30.74 0.06 67.7 0.46

 25 gm 51.03 4.82 1.26 30.9 0.08 72.22 0.48

 50 gm 49.26 5.81 1.43 31.22 0.08 74.02 0.57

Control 34.63* 7.45* 1.61* 31.63* 0.93* 63.80* 0.42*

SEM 1.99 0.68 0.23 0.05 0.02 2.6 0.03

LSD 3.99 1.37 0.45 0.1 0.03 5.23 0.06

Note: (*): With control indicate significant differences between Arbuscular Mycorrhizal Fungi (AMF) inoculated seedlings; SEM: Scanning Electron 
Microscopy; LSD: Lysergic Acid Diethylamine; df: Degrees of Freedom applicable only to the AMF treatments.

Table 3: Effect of different treatments on the root colonization percentage of Swietenia macrophylla seedling.

Treatments Total spore count Colonization percentage

Main effects

Arbuscular mycorrhizal fungi 

Funneliformis mosseae 85.44 35.33

Rhizophagus intraradices 62.33 34.11

Rhizophagus proliferus 48.11 24.78

Concentration

10 gm 39.56 20.44

25 gm 60.78 29.78

50 gm 95.56 44

Scanning electron microscopy 3.38 1.79

Lysergic acid diethylamine 6.79 3.59

Degrees of freedom 20 20
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dry weight as against those grown in soils uninoculated with AMF. 
The seedlings inoculated with Funneliformis mosseae responded better 
for all the growth characters of the seedlings. One of the reasons 
for this may be since besides higher photosynthetic rate the plant 
water status of the seedlings treated with Funneliformis mosseae was at 
a higher level as exemplified with high values for the relative water 
content and lower leaf temperature.

Higher water potential of AMF inoculated plants would help to 
increase photosynthetic assimilation and in turn meet the carbon 
demands of the AMF as reported [30]. It is also documented that 
the symbiosis with AMF also helps the plants through improvement 
in absorption of soil water in addition to the nutrient absorption 
and enhancing the conductivity of roots and regulating the 
concentration of cellular osmolytes [31,32]. Thus, it can be concluded 
that physiologically these seedlings were sound. A similar result 
was observed for inoculated mahogany seedlings under stressed 
conditions in the nursery. Studies on Tectona grandis, Azadirachta 
indica, Acacia mangium, Anacardium occidentale and Santalum album 
also confirmed our results [33-35]. There are many reports on the 
host preference among AMF [36]. Several authors have also stressed 
the need for selecting efficient AMF strains that can be used for 
inoculating different mycotrophic plants [37,38]. There are many 
reports, where indigenous AMF were found to be ineffective or 
less effective when compared with exotics [39,40]. For example, 
unsuitable AMF did not affect the growth of sandal seedlings. So, 
it becomes inevitable to select the best performing mycorrhizae for 
the establishment of exotic like mahogany. The present investigation 
indicated that the photosynthetic rate of the seedlings inoculated 
with both the species of Rhizophagus were higher when compared 
to the Funneliformis mosseae inoculated seedlings, but this was not 
transformed to the increased growth of the plants and thus the quality 
of seedlings was not good compared to those treated with Funneliformis 
mosseae. This might be due to the utilization of the photosynthate 
for the maintenance respiration and also for higher root respiration. 
Higher root respiration resulting in the loss of the photosynthate was 
observed for Plantago major for AMF inoculated seedlings [41]. There 
may be another possibility that the carbon flux out of the plant in 

DISCUSSION 

Raising exotic tropical tree seedlings particularly for the plantations is 
still challenging and knowledge on the interaction of AMF with the 
nursery substrate appears to be an important step for AMF-dependent 
tree species like mahogany. The knowledge on the AMF specificity 
for a beneficial interaction is necessary for the early establishment 
and growth of mahogany seedlings. However, concerning the use 
of native or non-native AMF as inoculum it is argued that besides 
the higher costs involved, the application of commercially available 
AMF inoculum is not favorable when compared to the local 
inoculum production and application for reforestation. The main 
arguments are that when inoculated seedlings with non-native 
fungi are planted into the field, exotic fungi often have difficulty in 
establishing within the pre-existing fungal community and if they do 
establish, they may become fast spreading invaders out-competing 
the local fungal community as reviewed [24]. A study has shown that 
local fungi were found to be finally more effective in colonization 
[25]. In the Southern part of India, studies have shown that the 
predominant genus of AMF is Rhizophagus, Funelliformis [26,27]. This 
was the reason behind the selection of this native AMF species in 
this experiment. Three native species of AMF (Funneliformis mosseae, 
Rhizopahagus intraradices and Rhizopahagus proliferus) were selected at 
different levels (10, 25 and 50 g inoculum per seedling). The data 
shows that exotic mahogany seedlings are a mycorrhizal dependent 
species as the results show that inoculated seedlings performed 
better than the uninoculated seedlings. Besides this, however, 
it is revealed that they preferred the mycorrhizae as shown by the 
difference in their response to the difference in mycorrhizal species 
and quantity of the inoculum used in the experiment (Table 1-4). 
Many other studies also indicated clear colonization of vesicles and 
arbuscules in the secondary roots of seedling and mahogany trees 
in natural areas, in young plantations [28,29]. It is reported that 
about twenty-three AMF species belonging to genera Acaulospora, 
Glomus, Gigaspora and Rhizophagus were found to have a symbiosis 
with mahogany trees growing in its natural habitat. Mahogany plants 
grown in the presence of AMF showed a general increase in plant 
growth parameters like plant height, stem girth, leaf area and total 

Table 4: Effect of different treatments on the quality indices of Swietenia macrophylla seedling.

Treatments Bio-volume index Quality index
Mycorrhizal efficiency 

index

Main effects

Arbuscular mycorrhizal 
fungi

Funneliformis mosseae 298.2 0.774 58.28

Rhizophagus intraradices 228.1 0.682 29.65

Rhizophagus proliferus 184.1 0.734 39.62

Concentration

10 gm 250.8 0.723 44.33

25 gm 222.3 0.694 35.44

50 gm 237.3 0.772 47.78

Control 121.16* 0.703* 0.00*

SEM 26.18 0.05 9.87

LSD 52.61 0.1 19.84

df 20 20 20

Note: (*): With control indicate significant differences between Arbuscular Mycorrhizal Fungi (AMF) inoculated seedlings; SEM: Scanning Electron 
Microscopy; LSD: Lysergic Acid Diethylamine; df: Degrees of Freedom applicable only to the AMF treatments. 
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the plant-AMF continuum was more for this particular mycorrhizal 
association resulting in the higher energetic cost of the symbiosis 
that can be high enough to cause growth decrease in mycorrhizal 
plants [42,43]. A positive dose response relation was not observed for 
the growth characters of the mahogany as it is usually observed with 
other species. However, a positive relation was observed for some of 
the physiological characteristics of the seedlings such as chlorophyll 
content, leaf temperature, water potential and relative water content 
and for the parameters like total spore count and the colonization 
percentage. This positive linear relation is usually attributed to better 
colonization of the rhizosphere by the introduced microorganisms 
and increased plant protection [44,45].

Some detrimental effects on root growth were also observed with 
high inoculation doses [46]. The critical level of spores for the 
mycorrhizal inoculation to cause an increase in the plant height, 
dry matter yield, root length and per cent root infection in Prosopis 
cineraria seedling was found to be 400 germinable spores per polybag 
(1 kg soil) [47]. In Tecomella undulata the best dose of AMF for better 
seedling performance was found to be 100 g rhizosphere soil (500 
germinable spores) [48].

Further, seedlings raised in the presence of F. mosseae showed a 
greater bio-volume index, quality index and mycorrhizal efficiency 
index compared to all other treatments and this increase was to an 
extent of 146.00 per cent, 10 per cent and 58 per cent, respectively, 
over those uninoculated seedlings. Such high values of bio-volume 
index and quality index indicate a sturdier stem and a proportionate 
top dry weight compared to the seedling dry weight, qualities which are 
desirable among nursery seedlings. The positive growth effect seen in the 
nursery can be significantly used to improve the tree survival and field 
establishment of mahogany seedlings as demonstrated earlier for other 
species like Acacia koa, Eucalyptus tereticornis, Ceratonia siliqua. 

Inoculating with AMF improved the physiology of seedlings (Table 
2). The high percentage of root colonization in AMF treated plants 
is directly correlated with better nutrient uptake, increased total 
chlorophyll content, an increase in the rate of photosynthesis and 
transpiration [49-51]. The difference in photosynthetic rate could 
probably be due to excessive starch accumulation in leaves of seedlings 
inoculated with AMF. This observation was further strengthened by 
the present study as mycorrhizal fungi used in this study significantly 
improved the chlorophyll content and photosynthesis of soil 
compared to the uninoculated treatment (Table 2).

The interaction effect was more pronounced for the combination R. 
intraradices at 10 g. For this combination, the plant height and collar 
diameter were higher when compared to all other combinations. The 
total photosynthetic area expressed as the leaf area was significantly 
higher in plants with this combination. This increased leaf area and 
growth of the seedlings colonized by this specific combination of the 
mycorrhizae and doses have probably resulted in significantly higher 
biomass observed compared to other treatments. The enhancement 
in growth and physiology is also related to the higher mycorrhizal 
efficiency index (Table 4). The growth of mahogany seedlings was 
significantly high for the parameters leaf area ratio and leaf weight 
ratio. Further, seedlings raised in the presence of R. intraradices at 10 
g inoculum showed a greater bio volume index, quality index and 
mycorrhizal index.

CONCLUSION

The current study demonstrates that the AMF specificity for a 

beneficial interaction is necessary for the early establishment and 
growth of mahogany seedlings. Furthermore, it was demonstrated 
that the native AM fungal community can be efficiently used 
for improving the growth and nutrient status of AM-inoculated 
mahogany seedlings. Funneliformis mosseae proved to be one such 
native species of AMF that has conferred maximum growth benefits 
compared to other fungi. It also contributed to the increase in the 
physiological aspects of the mahogany seedlings. If properly managed, 
the nursery time of the seedlings can be substantially reduced which 
can bring down the cost of production to a greater extent. 
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