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Seasonal fluctuation of AM fungal colonization and spore count on two
hydrocarbon yielding plants revealed, that the soil type and physico-chemical
features of the soil do not play a role in distribution of spores in selected 12
sites. However, the higher spore number was determined during summer in
both Jatropha curcas L. and Jatropha gossypifolia L. and per cent root
colonization was significantly higher in rainy season. The spore population
was moderately low in rainy season in Jatropa gossypifolia L. and Jatropha
curcas L. AM fungi belonging to genera Glomus, Gigaspora, Acaulospora,
Sclerocystis and Scutellospora were isolated in Dharwad district soils.

During the study period Glomus was dominated over other remaining four
genera. The ecological and edaphic characteristics have been discussed with

* .
Corresponding Author respect to spore distribution and root colonization.
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INTRODUCTION

Arbuscular mycorrhizal (AM) fungi form obligate symbiotic association with the roots and other underground
parts of most of the terrestrial plants. They are more prevalent in phosphorus deficient soils. Arbuscular mycorrhizal
fungi are capable of scavenging phosphorus from the soil into the root system mainly through exploration of soil by
extra radial hyphae beyond the root hairs and the phosphorus depletion zone. These fungi have the potential to
enhance plant growth and biomass is well documented (Smith and Read, 1997; Bagyaraj, 2006; Lakshman and Patil,
2004). Thus, AM fungi are also known to be a promising biofertilizers. The symbiotic association benefits plants by
improving nutrients. Recent investigations revealed that mycorrhizal fungi enhance the growth and productivity of
different crops (Mosse, 1991; Lakshman 1999).

In a number of developing countries the substitution of imported petroleum derivatives by domestically
produced biomass-based engine fuels currently regarded as a promising strategy for eliminating energy shortages.
Keeping all these things in mind, the present study was undertaken to evaluate the production of liquid bio fuels by
the inoculation of AM fungi to the potential hydrocarbon yielding plants and utilizing them as a substitute for
petroleum derivatives. Moreover, information on AM fungal seasonal diversity studies on hydrocarbon bearing
plants is scanty. Therefore, in the present study on two hydrocarbon yielding plants Jatropha curcas L. and Jatropha
gossypifolia L. have been undertaken.

Materials and methods

Root samples and the rhizospheric soil samples of Jatropha curcas L. and Jatropha gossypifolia L. were
collected from 12 different places of Dharwad during the year 2012-2013. The plants were uprooted for the
collection of root samples. Freshly collected root samples were washed in water, cleared with 10% of KOH,
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acidified with 2% HCI and stained in 0.05% tryphan blue in lactophenol (Phillips and Hayman, 1970). AM fungal
spores were isolated from soil by using wet sieving and decanting technique following the procedure of (Gerdemann
and Nicolson, 1963). Matured seeds were collected from 12 year old plants. Seeds surface was sterilized in 2%
sodium hypochlorite, subsequently 2-3 times washed in tap water and soaked in distilled water for 6 hrs and they
were sown in 20 x 25 (breadth x length) cm diameter. Earthern pots were filled with 4kg of soil contain (3:1) sterile
garden soil: sterile pure sand. The physico-chemical characteristics of the soil used for experimental pots are shown
in (Table 1).

Table 1: Physico-chemical characters of the soil used for experimental pots.

Characteristics Mean Value
pH 6.8

Sand (%) 73.54

Silt (%) 19.43

Clay (%) 05.86

O.M (%) 0.97

E.C. mmhos/cm? 0.89

N mg/kg 8.36

P mg/kg 0.83

K mg/kg 32.07

Table 2: Association of AM fungi in two hydrocarbon yielding plants Jatropha sp. showing percent root

colonization and spore number at twelve different places of Dharwad district.

Places Soil type Plant species HAM Spore ”“”?be” =09
colonization Soil
Dummwad Sandy loam JC 63.4 123
JC 61.5 118
Kalghatagi Brown JC 72.7 306
JG 914 113
Dastikoppa Brown JC 79.3 127
JC 94.6 201
Gudageri Red JC 58.1 198
JC 49.8 144
Narendra Black cotton JC 61.5 205
JG 52.2 124
Sanshi Red JG 54.1 222
JG 73.6 133
Kamdolli Sandy loam JC 61.2 456
JC 78.5 179
Amminbhavi Black cotton JG 93.3 183
JG 69.4 207
Ramapur Black cotton JG 725 99
JC 67.3 286
Hindasageri Brown JC 76.4 139
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JC 59.4 272
Nuggikeri Sandy loam JC 63.2 312
JG 60.2 210
Alnavar Sandy loam JC 83.2 115
JC 75.1 309

JC — Jatropha curcas L ; JG — Jatropha gossypifolia

Table 3: Effect of different seasons on the occurrence of AM spores and percentage root colonization in the

rhizosphere/non-rhizospheric soils of Jatropha curcus L. growing areas of Dharwad region at four different sites.

Season AM spore population in Root colonization (%)
50 gm of Rhizospheric soil

Sites1 Sites 2 Sites 3 Sites 4 Sites 1 Sites2  Sites3  Sites 4

Winter 191+2.3 134452 177+3.1 140+0.0 66+1.1 47+3.1 56+7.1 58+3.3
Summer 395+1.0 330+3.1 380+2.0 343+1.1 54422 33+4.4 45%34 48+21

Rainy 163+0.1  115+5.0 143+4.1 120+2.1 89+5.0 51+6.2 74#5.2 80+4.3

Each value is the mean of 8 samples + standard error

Table 4: Effect of different seasons on the occurrence of AM spores and percentage root colonization in the

rhizosphere/non-rhizospheric soils of Jatropha gossypifolia L. growing areas of Dharwad region at four different

sites.
Season AM spore population in Root colonization (%)
50 gm of Rhizospheric soil
Sitesl Sites2  Sites3  Sites4 Sites1 Sites2  Sites3  Sites4
Winter 180+2.1  148+2.6 163+2.4 154+0.2 60+2.0 50+4.2 63+8.1 51+4.8
Summer 346x1.4  320+4.8 359+3.5 343+2.6 58+2.4 39459  40+4.6 42+1.6
Rainy 148+0.8  112+6.2 134+3.9 126+2.8 85+4.0 76+7.2 8054 8245.6

Each value is the mean of 8 samples + standard error
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Figure 1: Effect of different seasons on the occurrence of AM spores in the rhizosphere/non-rhizospheric soils of
Jatropha curcus L. growing areas of Dharwad region at four different sites.
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Figure 2: Effect of different seasons on the occurrence of AM spores in the rhizosphere/non-rhizopspheric soils of
Jatropha gossypifolia L. growing areas of Dharwad region at four different sites.
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Figure 3: Effect of different seasons on the percent root colonization in Jatropha curcas L. growing areas of
Dharwad region at four different sites.
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Figure 4: Effect of different seasons on the percent root colonization in Jatropha gossypifolia L. growing areas of
Dharwad region at four different sites.
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Table 5: Frequency and Distribution of AM fungi in rhizosphere soil samples of Dharwad district from 12 sites.

Fungus/places 1 2 3 4 5 6 7 8 9 10 11 12 frequency
Acaulospora scrobiculata Trappe . T R - + 25
Gigaspora margarita Becker and + o+ + -+ -+ o+ - - + - 58
Hall

Glomus aggregatum Schenck and + + + + + + + + - 4+ - - 75
Smith

Glomus botryoides Rothwell and . T S e S - + 42
Victor

Glomus deserticola Trappe, Bloss T T S + - 50
and Menge

Glomus geosporum (Nicol + o+ o+ -+ -+ - - + - 50
&Gerd)Walker

Glomus mosseae (Nicol & Gerd) + o+ 4+ o+ - -+ -+ - + + 66
Gerd and Trappe

Sclerocystis pachycaulis Wu and + 0+ o+ -+ - - - -+ - + 50
Chen

Sclerocystis pakistanica Igbal and I S S + - 50
Bushra

Sclerocystis sinuosa) Gerd and + -+ - - - -+ o+ - + - 42
Bakshi

Scutellospora calospora (Nicol e T - - 17

&Gerd) Walker and Sanders

Note: + = Present, - = Absent

Results and discussion

The roots of Jatropha curcas L. and Jatropha gossypifolia L. showed the presence of hyphae, vesicles and
arbuscules. Microscopic and anatomical observation of AM fungi colonized roots showed mycorrhizal components
had clear arrangement with in outer cortex. The relative abundance of mycelium in roots based on root length and
entry points and root hairs count. High percentage of mycorrhizal colonization was recorded in both the Jatropha
species. Usually colonization was seen in second set of lateral roots from the top. Young terminal roots had
significant colonization. However, no root colonization was recorded in meristematic zone of the roots. The
penetration in inoculated plants occurred by the third and fourth day of inoculation. Appressoria formation was
occasional but not frequent. In most cases, the penetration was direct, by rupturing the outer cell wall. The hyphae
developed inter and intracellularly in cortical cells. Arbuscule formation was recorded on the third and sixth day
penetration. The arbuscules lived for 5-16 days and then degenerated. Vesicle formation was noticed from the 10"
day onwards after penetration of the host cell. Extra matrical spores were observed on the 21st day after penetration
irrespective of soil types (Table 1). The soil types do not influence in increase/decrease in percent root colonization
and spore count in Jatropha species. However, the chemical composition especially higher concentration of P in
soil, decreased the root colonization and spore count drastically. In case J. curcas spore number was higher, when
plants growing in brown and sandy soil (83-94%). Similarly, in case of J. gossypifolia the plants growing in brown
and black cotton soil showed (91-93%) root colonization. The number of spore count also varied, the brown soil of
rhizosphere of J. curcas had higher spore count 306/50g. soil. The maximum number of spores (312/50 g. soil) were
isolated in case of J. gossypifolia growing rhizosphere shown in (Table 1). Higher per cent of root colonization was
observed during rainy seasons, which was followed by winter season but lower percent root colonization was noted
down during summer in both the Jatropha species shown in (Table 3&4). Seasonal distribution of AM fungal spores
also varied. The highest number of spores was isolated during summer; it is being followed by winter and rainy
seasons respectively. This is being clearly shown the decreased number of spore population was lower during rainy
seasons in both the Jatropha species shown in (Fig 1-2).
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Dharwad district soils exhibited rich in AM fungi belonging to genera Glomus Gigaspora, Acaulospora,
Sclerocystis and Scutellospora genera. Glomus was predominated other than the remaining four genera (Table 5).
Similar observation was made by (Lakshman et al. 2003). The spore population was moderately low in rainy season
and maximum during summer season in Jatropa gossypifolia L. and Jatropha curcas (figure 1&2). The results are in
agreement with early workers observations (Hayman, 1970; Tapar and Khan, 1988; Airsang, 2007: Romana and
Lakshman, 2013; Airsang and Lakshman, 2014)). Root colonization was found to be 58-93% in Jatropha curcas L.
and 54-93% in Jatropha gossypifolia L. growing in natural soil. High colonization of roots of Jatropha curcas L.and
Jatropha gossypifolia L. by AM fungi indicates that these species are mycorohizal dependent, interestingly for each
plant species, the efficient of AM species were different. Soil amendments with fertile soil served as a source of
inoculum for rapid development of fungi (Pagano et al. 2013), which in turn, efficiently nourished the plants with
essential elements. Biological activities in soil also increased the absorbing capacity of roots.

Acknowledgement

First author is very much thankful to UGC, New Delhi — DSA I* phase for the selection and financial support
for Departmental research programme on “Diversity of microbes and higher plants from Western Ghats of
Karnataka and their conservation”. Second author is greatly indebted to UGC New Delhi for the selection of teacher
fellow under FDP XI plan scheme with financial support and also thankful to Guide, JSS management, Principal and

staff of JSS Banashankari Arts, Commerce and S. K. Gubbi Science College for supporting to continue Ph. D.
programme.

References

Airsang, R.V. (2007): AM - Quantification and isolation of spores from some Legumes of Dharwad. M. Phil.
Dissertation submitted to Periyar University, Salem, Tamilnadu.

Airsang, R.V. and Lakshman, H.C. (2014): Prevalence of AM Fungal association in some Weeds growing in
University Botanical Garden. International Journal of Science and Technology., 2(6): 165-171.

Bagyaraj D.J. (2006): Arbuscular mycorrhizal fungi in sustainable agriculture. In: techniques in mycorrhizae. (eds)
M.J Bukhari and B.F Rodrigues. Department of Botany. Govt. College. Quepem, Goa- India. pp. 1-8.

Beena K.R., Raviraja, N.S. and Sridhar, K.R. (2009): Seasonal variations of arbscular mycorrhizal fungal
association with Ipomoea pes-caprae of coastal sand dunes. Southern India. J.Env. Biol., 21: 341-347.

Brundrett, M., 1991. Advances in Ecological Research, edited by M. Begon, A. H. Fitter, and A.Macfadyen.
London, Academic Press Ltd. pp. 171-313.

Gerdermann, J.W. and Nicolson, T.H. (1963): Spores of mycorrhizal endogonial species extracted from soil by Wet
Sieving and decanting. Trans. Brit. Mycol. Soc., 46: 235-244.

Giovannetti, M. and Mossae, B. (1980). An evaluation of techniques for measuring vesicular arbuscular mycorrhizal
infection in roots. New Phytol., 84: 489-500.

Giovannetti, M. (1985): Seasonal variations of vesicular arbuscular mycorrhizas and endogonaceous spores in a
maritime sand dune. Trans. Brit. Mycol. Soc., 84: 679-689.

Jackson, M.L, (1973): Soil chemical analysis. Prentice Hall Inc. New Delhi, p. 199.

Kaushal, S. and Srivastava, H. P. (1995): Biology of AM fungi associated with Prosopis cineraria and Acacia
nilotica. In: Mycorrhizae: Biofertilizers for Future, eds: Alok Adholeya and Sujan Singh, pp. 91-93.

Lakshman, H.C. and Patil G.B. (2004) AM dependency of forest tree species. Envi.Ecol.conser., 19: 21-29.

385



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 7, 379-385

Lakshman, H.C., Inchal., R.F. and. Mulla, F.I. (2003): Distribution of AM fungi in some cultivated crops of
Dharwad district. Asian, j. Microbiol. Biotech and Environ Sci, 181:148-152.

Laksman, H.C., (1996): VA mycorrhizal studies in some important timber yielding tree species. Ph.D. Thesis,
Karnatak University, Dharwad, India.

Romana, M.M. and Lakshman, H.C. (2013): Seasonal diversity of AM fungal spores in Leguminous plants of
Dharwad in Karnataka, India. In : Perspectives of plant Biodiversity. (Ed). K. Muthuchelian. pp. 186-192.

Mosse, B. (1991): Future VA-mycorrhizal research prospects for practical practice. Mycorrhiza news., 3:1-4.

Pagano, M.C., Zandavalli, R.B. and Francisca, S.A. (2013): Biodiversity of arbuscular mycorrhizas in three
vegetational types from the semiarid of Ceara State, Brazil. Applied soil ecology., 67: 37-46.

Schenck, N.C. and Perez, Y. (1990): Manual for identification of VA mycorrhizal fungi. Synergistic Publications
Gainsville. USA., pp. 286.

Smith, S.E. and Read, D.J. (1997): Mycorrhizal Symbiosis, London, Academic Press, pp. 605.

Thapar, H. S. and Khan, S.N. (1988): Seasonal frequency of Endogone spores in new forests soils. Trends in Tree
Sciences., 6: 161-162.

386



