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ABSTRACT 

Arbuscular mycorrhizal (AM) fungi are geographically ubiquitous and occur over a broad ecological 

range. They are commonly found in association with numerous plant species, including agricultural crops. 

The AM fungi form symbiotic relationship with roots of higher plants by colonizing the roots both in inter 

and intra cellular regions. The present study deals with the seasonal fluctuation and diversity of AM fungi 

in the rhizosphere soil of sweet corn in three selected localities in and around Pune (MS) India. The 

results revealed variation in AM spore population, root colonization and number of AM fungal species in 

two different sampling seasons. Maximum spore population and AM fungal species was recorded in the 

Kharif (rainy season) and minimum was recorded in the Rabi (winter season). Altogether twenty nine AM 

fungal species belonging to five genera viz., Acaulospora, Entrophospora, Glomus, Gigaspora and 

Scutellospora were recorded at selected localities. The genus Glomus was reported abundantly over other 

remaining four genera. The ecological and edaphic characteristics have been discussed with respect to 

both spore distribution and root colonization. 
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INTRODUCTION 

Crop plants may benefit from mycorrhizal association because of greater efficiency in nutrient and water 

uptake from soil (Mosse, 1981; Lakshman, 1992; Kunwar et al., 1999). The AM fungi plays a key role in 

uptake and translocation of phosphorus from soil beyond the root zone of absorption through proliferation 

of its hyphae. The AM fungi also benefit the plants by improving the supply of Zn, Cu, S and Ca. The 

AM fungi form symbiotic associations with most economically important plants (Gerdemann,1968). 

Information on seasonal fluctuation of spore count and root colonization of AM fungi is useful for timely 

inoculation of suitable species. The AM colonization varies with change of season. Seasonal effects also 

influence the establishment of plants under field conditions, depending on the efficiency of indigenous 

fungi. Arbuscular mycorrhizal fungi, the “hidden heroes” of nutrient deficient soils especially phosphorus 

can provide support for management of nutrients and maintenance of better crop growth. So, the present 

study was aimed at investigating natural AM fungal spore diversity in the rhizosphere soil and its 

colonization in sweet corn as a function of seasonal variation at three different localities in and around 

Pune (MS) India. 

 

MATERIALS AND METHODS 

Site Description and Study Period 

Study was conducted to assess the AM fungi associated with sweet corn and the seasonal fluctuation in 

arbuscular mycorrhizal colonization and its spore population. Six localities in and around Pune were 

surveyed, out of which the three most suitable localities were selected for study. These are Fergusson 

college botanical garden, Purandar and Mulshi.  

Soil and root samples were collected at an interval of one month starting from four weeks after 

germination up to harvest, at different growth periods of the host plant and also during two different 

seasons i.e. Kharif (rainy season) and Rabi (winter season). During our study two life cycles were 

completed for sweet corn plants in each locality. 
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Collection of Root and Soil Samples 
At different seasons the soil samples and fine roots were collected in polythene bags from each plant. 

About 200-250 gm of soil samples from rhizosphere of each plant at a depth of 15-30 cm was collected in 

polythene bags. These samples were mixed to from a composite sample and then brought to laboratory 

and used for the isolation of AM fungal spores, mycorrhizal quantification, root colonization and stored at 

5-10 °C. The fine roots in sample were removed, rinsed with tap water and fixed in formalin: acetic acid: 

alcohol (FAA), and used for the determination of root colonization. The soil samples were then air dried 

in the shade at laboratory temperature for spore counting. 

Isolation and Quantification of Arbuscular Mycorrhizal (AM) Spore Population 
‘Wet Sieving and Decanting technique’ was used for isolation of AM fungi spores (Gerdemann and 

Nicolson, 1963). For this, sieves of different sizes i.e. 400μm, 350μm, 210μm, 150μm and 75μm were 

used. Soil sample (100gm) was thoroughly mixed in 1000 ml water in a beaker using magnetic stirrer and 

allowed to settle. The sieves were placed in the following order 400μm, 350μm, 210μm, 150μm and 

75μm from top to bottom. The water of the beaker was decanted on a series of sieves, on which spores 

were trapped and then they were washed with running tap water. The trapped spores were transferred to 

Whatman No. 1 filter paper by repeated washing with water. Spores were picked using a needle under 

binocular microscope. The spores were mounted on PVLG for further observation. Quantitative 

estimation of AM fungi spores was done by modified Grid line intersects method (Adholeya and Gaur, 

1994). In this method, the filter paper was divided into many small compartments by a ball point pen and 

each compartment was numbered. The total numbers of spores were counted under Leica upright 

Trinocular microscope (Model DM750) with EC3 digital camera. 

Estimation of Arbuscular Mycorrhizal Root Colonization 
Freshly collected root samples were washed gently to be freed from soil particles. Roots were treated with 

10% KOH Solution for 30 min in a hot water bath. The treated roots were washed with water and treated 

with 2% HCl solution. Acidified root samples were stained with 0.05 % trypan blue in lactic acid for 10-

15 min in a hot water bath. The roots were de-stained with lactic acid and observed first under a 

dissecting microscope with transmitted illumination and then observed under a compound microscope. 

Fungal structures in the roots are stained and cleared by Philips and Haymans method (1970). The 

mycorrhizal colonization was determined by using the following formula. 

Root colonization (%) = Number of AM positive segments  X100 

                                     Total number of segments observed 

Identification of Arbuscular Mycorrhizal Fungal Species 

The main structures of AM fungi, the spores were used for identification. Following morphological 

criteria viz., colour, size, shape, wall structure, bulbous suspensor, the number and arrangement of spores 

in the sporocarps were used for AM fungi identification. The AM fungal spores were identified using the 

identification manual for the identification VAM spores (Schenk and Perez, 1990; Morton and Redecker, 

2001). 

 

RESULTS AND DISCUSSION 

The present study showed that there is a wide range of variation in spore number during two different 

seasons. In the present study, moisture content exhibited significant positive correlation with spore 

density and percent root colonization indicating that the moisture content could accelerate root 

colonization and spore density. The data of the present study suggested that the AM fungal spore density 

was influenced by the crop growth period. The AM spore population and percent root colonization was 

more in Kharif (rainy season) as compared to Rabi (winter season) because roots showed better growth 

during this season and active root growth provided more entry points to AM fungi (Bhaskaran and 

Selvaraj, 1997). The findings of our study shows similarities with the findings of Kumar et al., (2013) 

who reported that the percent colonization and spore count was less in summer, moderate in winter and 

highest in rainy season. Khamar Jahan et al., (2012) also found out that  percentage of AMF colonization 

was less in summer, moderate in winter and highest in rainy season. Similarly, the highest number of 
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AMF spores was found in rainy season while moderate in winter and least in summer. The results are in 

agreement with early workers observations (Chanda et al., 2014; Jaya and Shinde, 2015). 

Taxonomy of AM Fungi  

The identification of indigenous AM fungi is a fundamental requirement to understand biodiversity and 

essential for monitoring changes in natural, managed or disturbed ecosystems. Diversity in AM fungi can 

be explored at this level by studying spore characteristics and colonization patterns in different 

agricultural crops, including different varieties of the same crop. The AM fungi are abundant and 

ecologically very important in the tropics (Khanam, 2007). The present study brings out the enumeration 

of various spp. A total of five genera and 29 species were found in the three selected localities (Table 1). 

Out of which Glomus was abundance in occurrence. The next abundant genus was Scutellospora and 

Acaulospora followed by genus Gigaspora and Entrophospora was found least in abundance. Among 29 

AM fungal spp. isolated Glomus represented eleven spp. forming predominant genus, Scutellospora 

represented eight spp., Acaulospora seven spp., two spp. of Gigaspora and one spp.of Entrophospora. 

The 11Glomus spp. isolated were G. albidum, G.botryoides , G. caledonium, G. dimorphicum, G. 

fasciculatum, G. gerdmanni, G. globiferum, G.halon, G. maculosum, G. manihot, G. reticulatum. The 

eight spp. of the genus Scutellospora reported were S.arenicola, S. auriglobosa, S.calospora, 

S.dipapillosa, S.heterogama, S.minuta, S.pellucida, S.persica. The seven spp. of Acaulospora include A. 

appendiculata, A. elegans, A. laevis, A. nicolsonii, A. scrobiculata, A. spinosa, A. tuberculata. The two 

spp. of Gigaspora found were G. albidum  and G. ramisporophora  and the Entrophospora infrequens 

was only one spp. In the present study, some species were quite common while others were encountered 

infrequently in the rhizosphere soil of sweet corn. Maximum number of Glomus spp. was found to be 

associated with forest tree species
 
(Khade and Rodrigues, 2003a), medicinal herbs (Bukhari et al., 2003) 

tubers (Khade and Rodrigues, 2003b), bananas (Khade and Rodrigues, 2004) and papayas (Khade and 

Rodrigues, 2008a, 2008b, 2009) from Goa, India. Glomus was predominant genus associated with both 

the host plants rhizosphere soils that are neutral to moderately alkaline supported earlier observations 

(Mosse, 1973) that in alkaline soils Glomus was frequently observed. Among the isolated genera of AM 

fungi, Glomus was the most dominant genus isolated during the present investigation. The results are in 

agreement with early workers observations (Lakshman and Ratna, 2015; Chanda et al., 2014). 

 

 
Entrophospora Infreqens           Root Segment Showing Colonization 

 

 
Sporocarp of Glomus     Scutellospora Arenicola 
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Table 1: Arbuscular Mycorrhizal Fungi Reported from Rhizosphere Soil of Sweet Corn from Three 

Selected Localities 

S.No Name of Genus and Species L1 L2 L3 

1 Acaulospora   appendicular          Spain, Sieverding and Schenck - + - 

2 Acaulospora   elegans                               Trappe and Gerdemann - + - 

3 Acaulospora  laevis                                   Gerdemann and Trappe + + - 

4 Acaulospora  nicolsonii                        Walker, Reed and Sanders - - + 

5 Acaulospora   scrobiculata                                                    Trappe + - - 

6 Acaulospora  Spinosa                                         Walker and Trappe + + + 

7 Acaulospora  tuberculate                                    Janos and Trappe - + - 

8 Entrophospora  infreqens                    (Hall) Ames and Schneider + - - 

9 Glomus  albidum                                              Walker and Rhodes - + - 

10 Glomus  botryoides                                         Rothwell and Victor + - + 

11 Glomus caledonium         (Nicolson and Gerdemann) Trappe and 

Gerdemann 

+ + - 

12 Glomus  dimorphicum                                 Boyetchko and Tewari + - - 

13 Glomus  fasciculatum        (thaxter) GerdemannandTrappe Emend. 

Walker and Koske 

+ - - 

14 Glomus gerdmani                                  Rose, Daniels and Trappe + - + 

15 Glomus globiferum                                            Koske and Walker + - + 

16 Glomus halon                                                       Rose and Trappe + - - 

17 Glomus maculosum                                            Miller and Walker + + - 

18 Glomus manihot                         Howeler,Sieverding and Schenck + - - 

19 Glomus reticulatum                             Bhattacharjee and Mukerji - + - 

20 Gigaspora albida                                             Schenck and Smith + - - 

21 Gigaspora ramisporophora            Spain,Sieverding and Schenck + - - 

22 Scutellospora arenicola                               Koske and Halvorson + + + 

23 Scutellospora auriglobosa                    (Hall) Walker and Sanders - + - 

24 Scutellospora calospora     (Nicolson and Gerdemann) Walker and 

Sanders 

- + - 

25 Scutellospora  dipapillosa            (Walker and koske) Walker and 

Sanders 

+ - - 

26 Scutellospora heterogama     (Nicolson and Gerdemann) Walker    and 

Sanders 

+ + + 

27 Scutellospora minuta       (Ferrer and Herrera) Walker and Sanders + + + 

28 Scutellospora Pellucida       (Nicolson and Schenck) and Walker and 

Sanders 

- - + 

29 Scutellospora  persica     (Koske and Walker)Walker and Sanders - + - 

L1-Fergusson College botanical garden, L2-Purandar and L3-Mulshi 

 

Number of AM Propagules 

The AM spores were isolated during Kharif (rainy season) and it was found that spore count had been 

increased with the growth of plant. Maximum number of (882) AM propagules were reported during 

month of September from Fergusson college botanical garden. Moderate number of AM propagules (740)  

was isolated from Purandar and minimum number of AM propagules (390) was isolated from the Mulshi 

(Chart No.1). However, for the AM spores which were isolated during Rabi (winter season), maximum  

number of (800) AM spores was isolated during the month of January from Fergusson college botanical 

garden, (562) AM spores were isolated from Purandar and least number of AM spores were isolated from 

Mulshi. From the above results it was found that climatic conditions and seasonal variation seem to be 

more influential on the distribution and abundance of mycorrhizal spores. Spore counts steadily increased 
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from July reaching a maximum value in September and October i.e. kharif (rainy season). After 

November, spore abundance decreased steadily and attained its minimum in Rabi (winter season). The 

results of the present study coincides with the observations made by earlier authors who have reported 

that the spore population varied during rainy, winter and summer seasons. Spore populations were 

observed to be maximum in rainy season when compared to winter and summer seasons (Sangeeta, 

2000). Radhika and Rodrigues, (2010) reported a density of AMF spores varying in function of seasons 

with higher number of spores in August than in January. Urcoviche et al., (2014) observed similar results 

found that the AMF spore density was higher in June than in November for all plant species studied. 

In general above findings proove that kharif (rainy season) experiences good precipitation, moisture, 

average temperatures and requisite quantities of nutrients. Accordingly, the crop plants were found to be 

heavily colonized both qualitatively and quantitatively as compared to Rabi (winter season). The results 

obtained from the present study suggests that for the AM fungal population and species, AM root 

colonization is influenced by soil edaphic factors such as nutrient status of the soil, seasons, soil 

temperature, pH , moisture content, Organic Content and host cultivar susceptibility (Table 2). The 

quantity and type of AM propagules also affects the dynamics of root colonization, which were also 

increased by the increase in age of the crop plant (Chandra and Jamuluddin, 1999). In a natural system 

Bohrer and Amon, (2004) observed that seasonal fluctuations of mycorrhizal associations were closely 

related to plant phenology. This was observed in the present investigation as well. Our results are also 

corroborated with the findings of Suresh and Nelson, (2015). 

 

Table 2: Physicochemical Properties of Rhizosphere Soil of Sweet Corn Plant from Selected 

Localities 

Sr. No Parameter L-1 L-2 L-3 

1 pH 5.80 A 7.20 N 6.9 N 

2 EC mmho/cm 0.05 N 0.23 N 0.21 N 

3 OC % 0.96 H 1.21 H 0.78 H 

4 P2O5 Kg/acre 12 M 5 L 4 L 

5 K2O Kg/acre 156 H 162 H 122 H 

6 Zn ppm 0.49 D 1.36 S 0.84 S 

7 Cu ppm 3.96 S 5.27 S 2.30 S 

8 Fe ppm 36.92 S 4.04 S 5.18 S 

9 Mn ppm 71.52 S 26.98 S 18.21 S 

A= Acidic, H=High, M= Medium, N= Normal, S= Sufficient, L=Low, D=Deficient 

L1-Fergusson college botanical garden, L2-Purandar and L3-Mulshi 

 

 
Chart No. 1: Number of AM Propagules per 100 gm Rhizosphere Soil and Percentage Root 

Colonization of Sweet Corn from Three Selected Localities during Raining Season 
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Chart No. 2: Percentage Root Colonization of Sweet Corn from Three Selected Localities during 

Rainy and Winter Season 

 

Percent Root Colonization 

Fergusson college botanical garden and Purandar locality showed highest root colonization (80%) and 

Mulshi showed lowest root colonization (70%) during Kharif (Rainy season). However, during Rabi 

(winter season) only (60-70%) root colonization was observed at all the three localities (Chart No. 2). In 

the present research the percent root colonization recorded was more in Kharif (Rainy season) than Rabi 

(Winter season).  

The maximum root colonizations was observed during rainy season in sweet corn cultivar which also 

correlated with the findings of Ragupathy and Mahadevan, (1993), who has reported highest percentage 

root colonization during Kharif (Rainy season). Our results also corroborate with the findings of Kumar et 

al., (2015) who has reported maximum root colonization during rainy season. It is also apparent that rainy 

season may considered as the best season for the prapogation of plants by the application of AMF as a 

bio-inoculants even for the plants of rare and threatened species. Above findings are aslo in accordance 

with the findings of Kumar et al., (2010) who observed maximum root colonization in rainy season. Our 

results also corroborate with the findings of Datta et al., (2013) who found that percentage of arbuscules 

as well as vesicles was maximum in rainy season and minimum in winter season in all the plant studied. 

The results are in agreement with early workers observations (Lakshman and Ratna, 2015). 

Conclusion 

The present study shows good association of AM fungi in sweet corn crop plants in the agro-ecosystem. It 

also emphasizes on the fact, that this symbiosis is controlled by various edaphic factors. Higher levels of 

fungal root colonization is an indication of  better fungal root contact which is a prerequisite for increased 

benefits of AM symbiosis and better adaptation to present soil types. Kharif (Rainy season) should be 

preferable (as root colonization and spore density was higher) for AM fungal inoculation as compared to 

Rabi (Winter season). The present study results show increase in spore density and root colonization with 

increase in age of the crop plant which offers the possibility of using AM fungi as a potential bio-fertilizer 

for enhancement of crop growth as well as productivity. We understand that the factors determining the 

development of arbuscular mycorrhizae and one cannot ignore the environmental factors, such as soil pH, 

organic matter and nutrients in the soil with the presence of mycorrhizal association. Therefore, more 

studies on these lines are warranted. 
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