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ABSTRACT 

Arbuscular mycorrhizae (AM) are the important beneficial micro- organisms of the soil edaphon in most agro-ecosystems. In 
the present investigation, attempt was made in order to evaluate the potential of two arbuscular mycorrhizal fungi (Glomus 
mosseae and Acaulospora laevis) along with Trichoderma viride on growth attributes of Mentha spicata. All the inoculated 
seedlings showed significant results over control after 45 and 90 days of inoculation in polyhouse pot experiment. Dual 
inoculation of G.mosseae and A.laevis showed the maximum mycorrhizal inoculation effect. The possibility of arbuscular 
mycorrhizal fungi (AMF) along with other microflora has been ensured for primary establishment of seedlings under nursery 
conditions. 
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INTRODUCTION 
The anxiety of man to explore nature and discover new forms and aspects of life has led to a vast 
heritage of knowledge and ideas. The diversity of microbial flora and their role in the ecology has 
always raised a number of quarries in human mind. The micro organisms have posed influence in 
the social and economic structure of human civilization from time immortal. The microbial 
communities are responsible for development of soil structure through various biogeochemical 
cycles in order to maintain the soil health and quality [1].  
The mycorrhizal symbiosis represents a series of complex feedbacks between host and fungus that is 
governed by their physiology and nutrition [2]. Arbuscular mycorrhizal fungi (AMF) are considered 
as the major component of the soil edaphon, which received an increased attention globally, as that 
the adverse soil conditions of different agroclimatic region of the world provide a micro ecosystem 
that can be manipulated and managed by these fungi for increased plant growth and productivity. As 
the wide host range they inhabit, there exists a wide variation in the ways they benefit the host, 
which in turn are related to the extent of root colonization of the host roots by the fungus [3]. The 
existence of inter and intra- specific variations among the plant species involved in relation to their 
phosphorus requirement and the ability of the host to translocate the native soil phosphorus further 
determine the efficacy of these fungi [4].  
Natural products including medicinal plants have a great significance due to their wide range of 
therapeutic potential to treat a large number of ailments, it becomes necessary to enhance their 
biomass production and their quality in order to fulfill the need of society. Therefore, it requires 
formulation of planning and strategies for their conservation and enhancement of their products. 
Hence, keeping the above facts in consideration, in the present study, analysis has been made to see 
the effect of AM fungi (Glomus mosseae and Acaulospora laevis) and T. viride, alone and in dual 
combination on different growth as well as physiological parameters of Mentha spicata after 45 and 
90 days of inoculation. 
 
MATERIAL AND METHODS 
Study Site: 
The study was undertaken in poly house of Botany Department where all the conditions (27-35ºC 
temperature, 80% humidity, 15000-19000 lux. light intensity) were controlled during experiment. 
Selection of Bioinoculants: 
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Two dominant strains of AM fungi i.e. G.mosseae and A.laevis were isolated from rhizospheric soil of 
selected medicinal plant and mass multiplied by using different hosts and substrates. T.viride was 
isolated from soil by Warcup’s soil plate method and mass cultured by using wheat bran: saw dust 
medium. Two months old seedlings of preferred medicinal plants were procured from Dr.Y.S. 
Parmar University of Horticulture & Forestry, Nauni, Solan, Himachal Pradesh. 
Sample Collection and Processing: 
The soil samples were collected from the root zone of each plant after 45 and 90 days. The soil 
samples were wet sieved for AM spore population using the ‘wet sieving and decanting technique’ 
and quantification of AM spores was done by ‘grid line intersect method’ [5,6].  The fine terminal 
roots were removed from the root, rinsed with tap water and stained with trypan blue according to 
‘rapid clearing and staining method’ [7]. The percent AM root colonization was calculated by using 
following equation; 
%AM root colonization = (Total number of root segments colonized / Total number of            
                                           root segments examined ) ×100 
Record of Data: 
The effect of different treatments was recorded at 45 and 90 days after planting (DAP). The plant 
growth parameters like plant height (measured in cm. from soil surface to the growing tip of plant), 
% root colonization, AM spore count, root length (cm.) were recorded. Moreover, roots and shoots 
were harvested and weighted separately for their fresh weight (cm.) and the oven dried to 70ºC for 
dry weight (cm.). Leaf area (cm.2) was studied using leaf area meter (Systronics 211).  
Statistical Analysis: 
Statistically interpretation of data was done by using analysis of variance (ANOVA) followed by post 
hoc test through computer software SPSS 16.0 (SPSS Inc. Chicago, IL). Means were then ranked at 
P=0.05 level of significance using Duncan’s Multiple Range Test for comparison. 
 
RESULTS AND DISCUSSION 
Arbuscular mycorrhizal fungi are well known to enhance the nutritional status of several plants and 
thereby aid in increased growth and yield. The present investigation was carried out in order to 
evaluate the potential of AM fungi and T.viride on growth and physiological parameters of M.spicata. 
Results elucidated that the seedlings of all plants under investigation varied in their response to 
inoculation with AM fungi and T.viride in different combinations or treatments of inoculation and 
also showed the dependence of these plants on such types of inoculations. Data represented in 
Tables 1.1 and 1.2 indicates that different bioinoculants used in the experiment triggered the growth 
performance of M.spicata seedlings. 
Shoot Length: 
AM symbiosis significantly increased the shoot length of M.spicata after 45 and 90 days of 
inoculation. Results indicate that maximum increase in shoot length was registered in dual 
combination of A.laevis plus G.mosseae (30.43±4.66, 40.80±2.46). In single inoculation, the plants 
nourished with A.laevis (26.26±0.32, 30.86±1.88) showed maximum increment in plant height. The 
increased growth of vegetative parameters is the consequence of increased root proliferation via. 
increased nutrient and water uptake due to mycorrhizal inoculation. In the present study, 
inoculating M.spicata with AM fungi could have played an important role in altering the rhizosphere 
environment by shortening the distance, the nutrients had to diffuse through the soil to the roots 
and therefore, contribute increase in height by increasing the nutrients uptake. Parkash et al. [8] 
studied the effect of soil sterilization on bioinoculant’s activity in establishment of Acacia catechu 
and reported a significant increase in shoot length due to co-inoculation of AM fungi.  
Shoot Biomass: 
Results depicted in Tables (1.1 and 1.2) indicate that forty five and ninety days after inoculation 
(DAI), maximum shoot weight (fresh and dry) was recorded in the treatment of A.laevis plus 
G.mosseae (4.010±0.10, 0.798±0.05; 7.985±0.05, 1.507±0.05). The higher biomass production in 
inoculated M.spicata could be due to higher moisture absorption by the inoculated plants. The shoot 
production depends not only on the vigour of the tree, but also on the environmental factors such as 
site conditions, soil moisture, season and pH [9,10]. Soil based AM inoculum in the present 
investigation enhanced growth of plants which might be due to the higher reproduction of AM fungi 
in the soil based inoculum, which sprouted rapidly from extracellular and intracellular hyphae 
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present in the soil and root inoculum. AM inoculation usually enhanced growth and shoot biomass of 
plants [11,12]. Similarly, Prasad et al. [13] also reported that Gladiolus plants inculated with AM 
fungi (G.fasciculatum) showed enhanced growth as compared to control. 
Root Biomass: 
Mycorrhizal infection significantly stimulated the M.spicata root growth. At the end of experimental 
period, a significant effect of mycorrhizal symbiosis was observed in the root weight (fresh and dry) 
of inoculated plants than non inoculated plants. Forty five and ninety DAI, the maximum fresh root 
weight was observed in the plants treated with A.laevis plus G.mosseae (2.168±0.09, 5.361±0.41). 
Similarly, higher dry root weight was registered in the plants inoculated with A.laevis plus G.mosseae 
(0.633±0.04) and A.laevis plus T.viride (1.174±0.09) respectively. The reason may be that there was 
no indigenous microbe to compete with the inoculated strain in pure culture so that the effect of 
inoculation was more obvious. The contribution of AM fungi to plant growth is not limited to 
improved nutrition but they also change the morphogenetic characters of roots. Mycorrhizal fungi 
decrease the meristematic activity of root apices and thus lead to an increase in the number of 
adventitious roots [14]. Mycorrhizal plants had a greater number of lateral roots in the present 
investigation. Singh and Subba Rao [15] who worked on wheat crop reported a significant increase 
in the yield of root and shoot. Similar was the observation made by Turjaman [16] who reported a 
significantly increased shoot and root dry weight in plants of Dyera polyphylla and Aquilaria filaria, 
when inoculated with AM fungi. In the present investigation, the effect of AM fungi and T.viride was 
more pronounced in aerial biomass than in root biomass (Table 1.1, 1.2) which may be because of 
arbuscular mycorrhizal colonization, caused a proportionally greater allocation of carbohydrates to 
the shoot than to the root tissue [17]. 
Root Length: 
It is evident from Tables (1.1 and 1.2), AM inoculation significantly increased the root length of all 
inoculated plants over control. After 45 days of inoculation, maximum increase in root length was 
found in the plants treated with A.laevis plus T.viride (17.50±0.35) followed by G.mosseae 
(15.5±0.20) and A.laevis plus G.mosseae (14.6±0.20). Similarly, maximum root growth was observed 
in A.laevis plus G.mosseae (26.63±0.61) followed by A.laevis (24.53±0.30) and T.viride (23.8±0.20) 
after 90 days of inoculation. These improvements were likely achieved via. mycorrizal contribution 
to phosphorus uptake and the ability of AM fungi to stimulate plant synthesis of certain 
phytohormones such as ABA and cytokinins. AMF colonization enhances soil aggregation through 
extraradical hyhae that are external to plant root and exuding the glycoprotein, glomalin, from 
extraradical hyphae that cements soil microaggregates in to large soil aggregate structure [17]. The 
improved soil tilth that occurs enhances air and water percolation and improves root system assess 
to soil water and nutrients. 
Leaf Area: 
Tables 1.1 and 1.2 envisaged that mycorrhizal inoculation significantly increased leaf area after 45 
and 90 days of inoculation. After 45 days of inoculation, maximum increased leaf area was reported 
in the plants treated with G.mosseae (4.36±0.20) followed by A.laevis plus G.mosseae (3.90±0.10) and 
T.viride (3.66±0.15). Similarly, after ninety days of inoculation, highest leaf area was registered in 
A.laevis plus G.mosseae (5.86±0.20) followed by G.mosseae (4.83±0.20) and A.laevis (4.66±0.25). 
Increased leaf area in the present investigation are in accordance with the study of Amico et al. [18] 
who observed increment in AMF infection, root weight, leaf area, photosynthetic activity, stomatal 
conductance and root hydraulic conductivity in tomato, when inoculated with G.clarum. A significant 
variation in the proportion and composition of leaf volatiles in Citrus jambhiri inoculated with 
G.intraradices has well documented [19]. Larger leaf area of mycorrhizal plants than non- 
mycorrhizal plants which may be due to more CO2 assimilation and more transpiration rate in 
mycorrhizal plants has also been well documented [20,21]. All these findings support the results of 
present investigation. 
Spore Count and Percent Root Colonization: 
Result indicates that a varied degree of spore population and mycorrhizal root colonization has been 
reported in all inoculated plants. Maximum spore population was observed in the plants treated with 
A.laevis plus G.mosseae (27.0±2.0, 35.66±2.51) after 45 and 90 days of inoculation. Similarly, the 
intensity of mycorrhizal root colonization was found highest in the plants inoculated with G.mosseae 
plus T.viride (61.28±1.18, 100.00±0.0) followed by A.laevis plus G.mosseae (38.8±0.42, 91.54±1.41). 
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Among the single inoculated treatments, highest mycorrhizal colonization was observed in the 
plants inoculated with the AM fungi i.e. A.laevis (36.19±0.33) and G.mosseae (67.99±1.16) after 45 
and 90 days respectively, thus supporting the well documented fact that inoculation with effective 
AM fungi enhances mycorrhizal root colonization [22]. Highest mycorrhizal root colonization in 
M.spicata was observed when G.mosseae was co-inoculated with T.viride. This may be because of 
synergestic interaction between AM fungi and T.viride. The stimulation was attributed to volatile 
compounds produced by Trichoderma spp. [23]. Increase in rhizosphere spore density as a 
consequence of mycorrhizal inoculation has been reported in Cowpea and rice [24,25]. Another 
important feature observed in the study was that the rhizospheric spore density decreased with 
increase in root colonization in some cases during course of experimentation.  

Fig.1: Influence of AM fungi and T.viride on growth of M.spicata 

 
Height of the plants initially 

 
Height of the plants after 45 days of inoculation 

 
Height of the plants after 90 days of inoculation 

 
A-Control, B-Trichoderma viride, C-Glomus mosseae, D-Acaulospora laevis,  

E-A.laevis + G.mosseae, F-G.mosseae + T.viride, G-A.laevis + T.viride 

G F E D C B A 

G F E D C B A 
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Table: 1.1- Bioinoculation effect of Arbuscular Mycorrhizal Fungi and T.viride on growth parameters 
of M.spicata after 45days 

 

 
 * Each value is an average of three replicates 

Means values followed by different alphabet/s are significant over one another by Duncan’s Multiple Range 
Test at P= 0.05. 
± Standard Deviation 

Table: 1.2- Bioinoculation effect of Arbuscular Mycorrhizal Fungi and T. viride on growth parameters of 
M.spicata after 90 days 

 

 

 * Each value is an average of three replicates 
Means values followed by different alphabet/s are significant over one another by Duncan’s Multiple Range 
Test at P= 0.05. 
± Standard Deviation 
 
This could be due to reason that more spore germination might have taken place after infection to 
the newly emerged roots as the days advanced [26,27]. 
The tremendous advances in research on mycorrhizal physiology and ecology over the past 40 years 
have led to a greater understanding of the multiple roles of AMF in the ecosystem. Beneficial AMF 
are one of the important cornerstones of sustainable agricultural systems. The results of the present 
study clearly brought out the beneficial effect of inoculation with G.mosseae, A.laevis and T.viride, 
alone and in different combinations on various growth parameters of M.spicata. As mycorrhizal fungi 
are beneficial for plant establishment, this study provides a good scope for commercially utilizing 
the efficient strains of AM fungi to exploit them for their beneficial effects with other beneficial 
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rhizospheric microflora in establishment of seedlings, increase in productivity and reduce the 
fertilizer application required for obtaining economic production of this plant under field conditions. 
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