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ABSTRACT: A pot culture investigation was conducted to know the influence of inoculation with the
Arbuscular Mycorrhizal Fungus Glomus aggregatum and the Plant Growth Promoting Rhizomicroorganisms
(PGPR) Trichoderma harzianum and Bacillus coagulans singly and in combination on productivity of
Strobilanthes ciliatus. The plant height, number of leaves per plant and plant dry matter were significantly
higher in plants inoculated with Glomus aggregatum + Bacillus coagulans + Trichoderma harzianum. The
maximum root colonization and spore number were also observed in plants inoculated with Glomus aggregatum
+ Bacillus coagulans + Trichoderma harzianum.
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I.

INTRODUCTION

The genus Strobilanthes belongs to Acanthaceae is known for its diversified habits, gregarious nature
and infrequent but elegant flowering. Strobilanthes ciliatus Nees. is one of the endemic species that has got
several therapeutic properties. It has a strong aroma and is widely used in Ayurveda as a source of the drug
„Sahacharya‟. The entire plant is used as a source of medicine. Roots are useful in the treatment of rheumatalgia,
lumbago, sciatica, limping, chest congension, strangury, fever, leucoderma, skin diseases, inflammations, cough,
bronchitis, odontalgia and general debility. Leaves and bark are also used oil which is of good medicinal value.
Currently, cultivation of medicinal plants has increased due to their wide range of therapeutic potential to treat a
large number of ailments. Here comes the importance of sustainable agriculture, which includes the exclusion of
most synthetic pesticides and fertilizers, causing adverse effect on health and fertility of soil. Arbuscular
Mycorrhizal Fungi have been used to enhance the plant growth and yield of medicinal crops and to help
maintain good soil health and fertility that contributes to a greater extent to a sustainable yield and good quality
of the products (1). Mycorrhizae are found in a wide range of habitats, usually in the roots of angiosperms,
gymnosperms and pteridophytes (2). 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). In mutualistic association, the plant gains the benefit s of the mycelium‟s higher absorptive capacity
for water and mineral nutrients, especially phosphorous (P) and other low mobile mineral nutrients (4).
Mycorrhizal pants are often more resistant to the effects of drought (5, 6).
A M fungi enhancing the
activity of beneficial soil organisms, like nitrogen fixers and phosphate solubilizers with consequential
beneficial effect on plant growth. So the present study was undertaken to understand the response of
Strobilanthes ciliatus to the AM fungus Glomus aggregatum and the plant growth Promoting
Rhizomicroorganisms (PGPR), Bacillus coagulans and Trichoderma harzianum singly and in combination.

II.

MATERIALS AND METHODS

The plants studied were grown in pots in polyhouse conditions. The soil used in this study was
collected from an uncultivated field at a depth of 0-30cm and was classified as fine, entisol, isohyperthermic
kanhaplusstalfs. The soil pH was 6.9 and it contained 2.7 ppm available phosphorous (extractable with
NH4F+HCl) and an indigenous AM fungal population of 60 spores/ 50g of soil. Nursery was raised by planting
stem cuttings of S. ciliatus in polybags (10x15 cm) containing sterilized soil: farm yard manure (1: 1 v/v).
Ruakura nutrient solution at 50ml per polybag was applied once in 10 days. After 30 days seedlings were
transplanted to polythene bags of size 25x15 cm containing 2kg of unsterilized soil: sand: compost in the ratio
of 2: 1: 0.5 (v/v/v).
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The AM fungal species used in this study were isolated from the rhizosphere soil of S. ciliatus
collected from Neriamangalam, the foot hills of Western Ghats, Kerala, India. These AM fungal were isolated
by using wet sieving and decanting technique (7). These fungi were multiplied using sterilized sand: soil mix
(1:1 v/v) as the substrate and onion as the host. After 90 days of growth, shoots of onion was severed and the
substrate containing hyphae, spores and root bits was air dried and used as inoculum. The inoculum potential
(IP) of each culture was estimated adopting the Most Probable Number (MPN) method as outlined by Porter (8).
Bacillus coagulans was grown in nutrient agar medium and Trichoderma harzianum in potato dextrose broth.
After 3 days of growth of B. coagulans and 8 days of growth of T. harzianum cultures were used for inoculum
along with Glomus aggregatum at the time of transplanting. The microbial cultures were separately mixed in
sterile lignite powder and their populations were determined by serial dilution plate method. Thirty days old
seedlings were transplanted to pots. 60g of dry soil inoculum containing 400-500 spores were mixed in the top
(6cm) of the soil in each treatment pots. B. coagulans (2.8x108cfu g-1) and T. harzianum (3.4x108cfu g-1) inocula
were added as per the following treatments:
T1: Uninoculated control
T2: Inoculated with Glomus aggregatum (Ga)
T3: Inoculated with B. coagulans (Ba)
T4: Inoculated with T. harzianum (Th)
T5: Inoculated with Ga + Bc
T6: Inoculated with Ga + Th
T7: Inoculated with Bc + Th
T8: Inoculated with Ga + Bc+ Th.
Pots were irrigated twice a week for the first 4 weeks and subsequently at weekly intervals to maintain
enough moisture and the plants were raised for 90 days after transplanting.
Growth parameters like plant
height and number of leaves were recorded. Shoot and root biomass of the test plant were determined after
drying the samples at 600c to attain a constant weight in a hot air oven. Fresh root samples were stained using
0.05g /100g solution trypan blue (9) and the per cent root colonization was estimated by adapting the gridline
intersect method (10) and extrametrical spores in the root zone soil were enumerated by wet sieving and
decantation method (7). All the data were subjected to analysis of variance for a completely random design
(CRD) with five replicates. The mean values were further separated by DMRT (Duncan‟s Multiple Range Test)
for significant difference p≤ 0.05 (11).

III.

RESULTS AND DISCUSSION

Arbuscular mycorrhiza plays a key role in increasing nutrient uptake and thereby increases the growth
and yield (12). The present study was carried out in order to evaluate the role of an AM fungus and Plant
Growth Promoting Rhizomicroorganisms (PGPRs) on productivity through microbial inoculation. All the
inoculated treatments significantly increased the plant height as compared to uninoculated plants. Similar results
were observed in the medicinal plant Kalmegh(13). Inoculation with Glomus aggregatum + Bacillus coagulans
+ Trichoderma harzianum resulted in higher plant height compared to all other inoculations and control (Table I
) is followed by inoculated with Glomus aggregatum + Bacillus coagulans and Glomus aggregatum +
Trichoderma harzianum respectively. The inoculation of Strobilanthes ciliatus with Glomus aggregatum alone
significantly increased the plant height as compared the plants inoculated with Bacillus coagulans alone and
Trichoderma harzianum alone and in combinations (Bc + Th). Number of leaves per plant was also significantly
larger in inoculated treatments as compared to the control, highest numbers of leaves was observed in plants
inoculated with Ga + Bc + Th. Similar effect was observed in total plant dry matter (Table I). This may be due
to increased plant height as well as increased biomass and leaf yield of inoculated test plants; which may be
related to the action of native inoculants. This is in conformity with earlier observations in Coleus aromaticus
[14], in Phyllanthus amarus [15] and in Plantago ovata [16], such enhanced dry biomass due to inoculations
with Glomus mossae was well documented in Andrographis paniculata [17]. Plant growth promotion by
rhizomicroorganisms may be due to the synergistic interaction of AM fungi and PGPR‟s in the rhizosphere of
the plants (18, 19).
Mycorrhizal fungi enhancing the number and activity of beneficial soil organisms like nitrogen fixers
and phosphate solubilizers with consequential beneficial effect on plant growth has been reported [20]. In the
present study, mycorrhizal root colonization and spore numbers in the root zone soils were significantly more in
Glomus aggregatum + Bacillus coagulans + Trichoderma harzianum inoculated plants as compared to the
control (Table 2). This indicates the efficacy of inoculated AM fungi against native AM fungi present in soil for
better colonization.
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This supports the well documented fact that inoculation with effective AM fungi enhances mycorrhizal
root colonization [21, 22]. The root zone soil of S. ciliatus plants inoculated with Glomus aggregatum +
Bacillus coagulans + Trichoderma harzianum had higher B. coagulans number followed by plants treated with
Glomus aggregatum + Bacillus coagulans and B. coagulans alone when compared with control plants (Table 2).
This suggests a synergistic activity were in mycorrhizal helper bacteria enhances the activity of G. aggregatum
by producing organic acids which serve as a carbon source to the fungus or by producing hydrolytic enzymes
thus enabling the AM fungus to penetrate and ramify in the root system of the host [23]. The present study
clearly highlights the beneficial effect of inoculation with Glomus aggregatum + Bacillus coagulans +
Trichoderma harzianum on the growth parameters like plant height, number of leaves, plant dry biomass etc. of
an important medicinal plant „Karimkurinji‟.
TABLE I:
Influence of Glomus aggregatum (Ga) and PGPR’s (Bacillus coagulans + Trichoderma harzianum) on the
plant growth parameters of Strobilanthes ciliatus at 90 DAT.
Plant height
Inoculation treatment

1
2
3
4
5
6
7
8

Number of leaves

Control (uninoculated)
Glomus aggregatum alone (Ga)
Bacillus coagulans alone ( Bc)
Trichoderma harzianum alone (Th)
Ga + Bc
Ga + Th
Bc + Th
Ga+Bc+Th

Shoot

Root

62.5d
91.2b
68.4c
67.5c
94.2b
93.8b
68.5c
98.6a

24.2d
52.6b
26.4c
25.6c
56.2b
54.4b
26.8c
58.2a

34d
44b
36c
34d
48b
44b
38c
52a

Plant Dry biomass (g/plant)
Shoot
16.6d
24.8b
18.4c
16.8c
26.4a
25.8b
18.5c
27.2a

Root
12.6d
23.2b
13.2c
13.0c
23.8a
23.4b
13.4c
24.2a

total
39.2d
48.0b
41.6c
39.8d
50.2a
49.2b
42.9c
51.4a

Means followed by the same letter with in a column do not differ significantly at p≤ 0.05 by Duncan‟s Multiple
Range Test, DAT = Days After Transplanting.
TABLE II:
Influence of Glomus aggregatum (Ga) and PGPR’s (Bacillus coagulans + Trichoderma harzianum) on
mycorrhizal root colonization, spore numbers and population of B. coagulans and T. harzianum in the root
zone soil of Strobilanthes ciliatus at 90 DAT.
Inoculation Treatment

1
2

3

4

5
6
7
8

Control
(uninoculated)
Glomus
aggregatum alone
(Ga)
Bacillus
coagulans alone
(Bc)
Trichoderma
harzianum alone
(Th)
Ga+ Bc
Ga +Th
Bc + Th
Ga +Bc + Th

Mycorrhizal root
colonization (%)
-

Total No. of
spores/100g of
soil
-

Population of
B.coagulans (Xx
104 c.f.u /g soil)
-

Population of
T.harzianum (Xx
105 c.f.u /g soil)
-

92.4b

985b

-

-

-

-

5.0c

-

-

-

-

4.7c

93.5b
86.4c
98.5a

990b
972c
1085a

8.5b
9.2b
10.5a

6.8b
7.2b
8.4a

Means followed by the same letter with in a column do not differ significantly at
Multiple Range Test; c.f.u. = colony forming units; DAT = Days After Transplanting.

www.ijpsi.org

p≤ 0.05 by Duncan‟s

28 | Page

Effect Of Arbuscular Mycorrhizal Fungus…
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]
[23]

Aditya kumar, 2012. The Influence of Bioinoculants on Growth and Mycorrhizal Occurrence in the Rhizosphere of Mentha spicata
Linn. Bull. Environ. Pharmacol. Life Sci., 1(6): 60-65.
Arpana,J. and Bagyaraj, D.J., 2007. Response of kalmegh to an arbuscular mycorrhizal fungus and a plant growth promoting
rhizomicroorganism at two levels of phosphorous fertilizer. Am-Euras. J.Agric. & Environ. Sci., 2(1): 33-38.
Bagyaraj D.J., 1992. Vesicular-arbuscular mycorrhiza: Application in Agriculture, In Methods in Mycrobiology, 24: 359-373.
Baqual, M. F., Das, P.K. and Katiyar, R. S., 2005. Effect of arbuscular mycorrhizal fungi and other microbial inoculants on
chlorophyll content of mulberry (Morus spp.). Mycorrhiza News 17: 12-14.
Chiramel, T., D.J. Bagyaraj and C.S.D. Patil, 2006. Response of Andrographis paniculata to different arbuscular mycorrhizal fungi.
Journal of Agricultural Technology. 2(2): 221-228.
Earanna, N, D. J. Bagyaraj and A.A. Farooqi, 2003. Response of Phyllanthus amarus to inoculation with Glomus fasciculatum and
plant growth promoting rhizomicroorganisms. Geobios, 30: 183-187.
Earanna, N, Mallikarjunaiah, D. J. Bagyaraj and Suresh, C.K., 2001. Response of Coleus aromaticus to Glomus fasciculatum and
other beneficial microflora. J. Spices Arom. Crops, 10: 141-143.
Gerdemann, J. W., and Nicolson, T.H., 1963. “Spores of mycorrhizal Endogone species extracted from soil by wet sieving and
decanting.” Trans. Br. Mycol. Soc., 46: 235-244.
Giovannetti, M. and B. Mosse, 1980. An evaluation of technologies for measuring vesicular arbuscular mycorrhizal infection in
roots. New Phytol. 84: 489-500.
Kwapata, M. B. and Hall, A.E., 1985. Effects of moisture regime and phosphorous on mycorrhizal infection, nutrient uptake and
growth of cowpeas (Vigna unquiculata L.). Field Crops Res., 12: 241-250.
Lakshmipathy, R., Chandrika, K and G. Balakrishna, 2002. Response Calamus thwaitessii var. canaranus Wilde to inoculation with
Glomus mossae, Bacillus coagulans and Trichoderma harzianum. J. Soil Biol. Ecol., 22(142): 16-21.
Lehto, Tarja, 1992. “Mycorrhizas and Drought resistance of Picea sitchensis (Bong.) Carr. In Conditions of Nutrient Deficiency”.
New Phytologist 122(4): 661-668.
Little, T.M. and F.J.Hills, 1978. Agricultural Experimentation: Design and analysis. USA. John Wiley and Sons. Inc. ISBN: 0-47102352-3.
Mathur, N., J. Singh, S. Bohra, A. Bohra and A. Vyas, 2006. Increased nutrient uptake and productivity of Plantago ovata Forssk.
by AM fungi under field conditions. American- Eurasian Journal of Scientific Research, 1(1): 38-41.
Nikolaou, N., Angelopoulos, K., Karagiannidis, N., 2003. “Effects of Drought Stress on Mycorrhizal and Non-mycorrhizal
Cabernet Sauvignon grapevine, Grafted On To Various Rootstocks”. Experimental Agriculture 39(3): 241-252.
Philips, J.H. and Hayman, D.S., 1970. Improved procedures for clearing roots and staining parasitic and vesicular arbuscular
mycorrhizal fungi for rapid assessment of infection. Trans. Br. Mycolog. Soc., 55: 158-161.
Porter, W. M., 1979. “The most probable number method for enumerating propagules of VAM fungi in soil”, Aust. J. Soil Res., 17:
515-519.
Rajan, S. K., Bagyaraj, D. J. and Arpana, J., 2004. “Selection of arbuscular mycorrhizal fungi for inoculating Acacia holosericeae”.
J. Soil Biol. Ecol., 24: 119-126.
Rajan, S. K., Reddy, B. J.D. & Bagyaraj, D. J., 2000. Screening of mycorrhizal fungi for their symbiotic efficiency with Tectona
grandis. Forest Ecol. Manag., 126: 91-95.
Rajeshkumar, S., Nisha, M.C. and Selvaraj, T., 2008. Variability in growth, nutrition and phytochemical constituents of
Plectranthus amboinicus (Lour.) Spreng. as influenced by indigenous arbuscular mycorrhizal fungi. Mj. Int. J. Sci. Tech., 2(02):
431-439.
Shivakumar, U., K. Kumutha and K. Ramasamy, 2002. Development of Rhizobial strains of Ground nut for North Western zone of
Tamil Nadu. J. Soil Biol., 24(1&2): 16-21.
Singh, M., Singh, P. and Vyas, D., 2011. Mycorrhization in medicinal plants. Mycorrhiza News 23(1): 14- 21.
Sumana, D.A., D.J. Bagyaraj, and J. Arpana, 2003. Interaction between Glomus mossae, Azotobacter chroroococcum and Bacillus
coagulans and their influence on growth and nutrition of Neem. J. Soil Biol. Ecol., 23(1&2): 80-86.

www.ijpsi.org

29 | Page

