




Ecological Insights into Vesicular-Arbuscular Mycorrhizal (VAM) Fungal Communities: A Case Study from Dry Deciduous Forest, Jharkhand
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Abstract
This study investigates the diversity and seasonal dynamics of Arbuscular Mycorrhizal fungi (AMF) in the tropical dry deciduous forest of Harbul, Ranchi, Jharkhand. The forest, dominated by Shorea robusta and Diospyros melanoxylon, provides a stable environment for AMF associations. Rhizospheric soil samples were collected from 31 transects during the monsoon seasons of 2022 and 2023. Morphological identification revealed the dominance of the genus Glomus macrocarpum Funneliformis constrictus Glomus spp. Glomus geosporum Unidentified Spores. Diversity indices indicated a significant temporal shift in the Shannon–Wiener index (H') increased from 1.39 (2022) to 2.20 (2023), while Simpson’s dominance index (D) declined from 0.25 to 0.11, suggesting improved species evenness in 2023 despite a quantitative decline in total spore frequency. These findings highlight the role of Glomus as a keystone genus in maintaining forest ecosystem stability and nutrient cycling under fluctuating monsoonal conditions.
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1. Introduction:
Jharkhand is richly endowed with natural resources, including over 40% of India’s mineral reserves, extensive forest cover, and diverse flora and fauna, supported by favourable climatic and topographic conditions. Forestry is the second-largest land use in India after agriculture, covering 21.54% of the total geographical area (FSI, 2017). The state is dominated by tropical moist and dry deciduous forests, with vegetation ranging from dense Sal (Shorea robusta) forests to mixed forests and grasslands; Sal accounts for nearly 55% of the total growing stock.
Jharkhand’s forests supply timber, fuel wood, fodder, and a wide range of non-timber forest products (NTFPs), including fruits, nuts, edible fungi, medicinal plants, resins, and fibrous materials. These NTFPs are vital for food security, livelihoods, and cultural needs of forest-dependent communities (Babulo et al., 2009; Belcher et al., 2005). The sustained productivity of these resources depends on forest ecosystem health, particularly soil quality and microbial communities that drive nutrient cycling and forest resilience.
Compared to plants and animals relatively little is known about micro-organisms diversity in Jharkhand forest soils and the functional roles they play in this biome. Among these organisms, arbuscular mycorrhizal fungi (AMF, Glomeromycota) form a mutualistic symbiosis (Bonfante and Genre, 2010) in which the plant provides the fungus with energy for growth and maintenance through its photosynthetic products, while the fungus provides water and nutrients such as phosphorus to the plant (Smith and Read, 2008). These fungi exhibit both intercellular and intracellular growth within the root cortex, forming specialized structures such as arbuscules and vesicles. Vesicular–arbuscular mycorrhizal (VAM) fungi establish a bidirectional nutrient exchange, receiving carbon from the host plant while supplying inorganic nutrients, thereby creating an ecological link between plant roots and the rhizosphere.
Mycorrhizal fungi are vital for soil health, forming symbiotic associations with 80–90% of terrestrial plants and enhancing nutrient uptake, water acquisition, disease resistance, and soil structure (Smith & Read, 1997; Trappe, 2005). VAM fungi play a key role in ecosystem restoration, erosion control, and revegetation by improving plant resilience and soil quality (Caravaca et al., 2005; Newsham et al., 1994) restoration of degraded soils, enhancing microbial diversity, and supporting sustainable forest ecosystem. Acting as eco-friendly bio fertilizers, they offer sustainable alternatives to chemical fertilizers by optimizing nutrient cycling and stress tolerance (Parmar et al., 2013). This study was designed to determine AMF diversity in Jharkhand dry deciduous forest and its distribution  and understanding mycorrhizal community structure also provides insights into climate change impacts on ecosystem functioning.
2. Methodology
2.1 Study Area
The study was conducted in Harbul, Ranchi (23.22° N, 85.48° E), located in the Chhotanagpur plateau at an altitude of 556m. The temperature ranges from 20–42 °C in summer and 0–25 °C in winter. The topography is hilly, with stony and gravelly soils, comprising red, yellow, lateritic, and alluvial types, which support both tropical moist deciduous and dry deciduous forests The topography is hilly, with stony and gravelly soils, comprising red, yellow, lateritic, and alluvial types, which support both tropical moist deciduous and dry deciduous forests. The area falls under Agro-Climatic Sub-Zone IV – Central and North Eastern Plateau. For the present study, the forest area was divided into 31 transects, each measuring 0.1 ha (250 × 4 m) which were systematically laid out at different locations to ensure adequate representation of the various microhabitats within the forest
2.2 Sampling and Spore Analysis
Rhizospheric soil (5–20 cm depth) was sampled from dominant tree root zones, with 10 subsamples pooled per transect to yield 31 composite samples during the rainy seasons (July–September) of 2022 and 2023. Spores were extracted from 50g subsamples using the wet sieving and decanting method (Gerdemann & Nicolson, 1963) and quantified under a stereomicroscope (40xtimes). Identification was based on morphological traits following INVAM guidelines, Schenck and Perez (1990) and publications with descriptions (http://invam.caf.wvu.edu) 
2.3 Statistical Analysis
[bookmark: _ue4c4qmuy34]Community structure was evaluated using Species Richness, Shannon-Wiener Diversity (H), and Simpson’s Dominance (D) (Shannon & Weaver, 1963). Differences between years were analyzed via ANOVA and Spearman’s rank correlation.
3. Result  
3.1 Harbul Forest Vegetation Characteristics 
Harbul Forest features tropical dry deciduous vegetation dominated by Shorea robusta, Diospyros melanoxylon, Cleistanthus collinus, Croton oblongifolius, Buchanania lanzan, Lagerstroemia parviflora, Butea monosperma, Semecarpus anacardium, and Holarrhena antidysenterica. Trees average 5-6 m height and 40-50 cm girth. The forest floor was covered with a thick layer of leaf litter, supporting a diverse understorey comprising herbs, shrubs, grasses, and various weed species. Dominant herbaceous plants includes Dioscorea bulbifera, Cyperus rotundus, Sida rhombifolia, Curcuma aromatica, and Andrographis paniculata.
3.2 Identification of AMF Spores
[bookmark: _gkdyqgdily2y]To assess the presence and diversity of AMF, rhizospheric soil samples were collected from 31 transects (T1–T31) spread across the Harbul forest area. Morphological identification revealed that the genus Glomus was dominant across.  Within Glomus, the species identified were G. macrocarpum, G. geosporum, and Funneliformis constrictus (Fig. 1). In addition, some spores remained unidentified underscoring the potential presence of novel or cryptic taxa (Opik et al., 2010).
3.3 Transect-wise Distribution of AMF Spores
Transect-wise analysis revealed that Glomus spp. were ubiquitous, showing high frequency in transects such as T1, T6, T10, T13, and T21. G. macrocarpum and F. constrictus emerged as the most widely distributed species, appearing across a combined 28 distinct transects. While G. geosporum remained sporadic, unidentified spores in five transects suggest potential cryptic diversity. These findings underscore the high ecological plasticity of Glomus and the adaptability of F. constrictus to varied microhabitats within the Harbul Forest, confirming their roles as cosmopolitan and resilient AMF taxa in tropical deciduous ecosystems.
3.4 Spatiotemporal Dynamics of AMF Communities
The morphological analysis identified five distinct taxonomic groups, with the genus Glomus emerging as the most prevalent across the study area (Table 1 and Fig. 2). This community exhibited significant temporal shifts, progressing from four morphotypes in 2022 to six in 2023, the latter characterized by the emergence of unidentified cryptic taxa. Spatiotemporal dynamics revealed that while 2022 was marked by total ubiquity with 100% transect occupancy, 2023 experienced a notable decline to 61%, as 12 transects failed to yield spores. Despite this quantitative reduction in occupancy, the community structure in 2023 became more "balanced," indicating that the environmental conditions favoured a more even distribution of species richness over the high-dominance patterns observed in the previous year.
Table 1: Spore Frequency and Percentage Change 
	VAM Species
	2022 Frequency (n=32)
	2023 Frequency (n=31)
	Change (%)

	Glomus macrocarpum
	11
	4
	-63.6%

	Funneliformis constrictus
	9
	6
	33.3%

	Glomus spp.
	9
	8
	-11.1%

	Glomus geosporum
	1
	2
	+100.0%

	Unidentified Spores
	2
	2
	0.0%
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Fig. 1: Representative Morphotypes of the AMF Observed During the Study Period.
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Figure 2. Comparative abundance of VAM species across transects during rainy seasons of 2022 and 2023.

3.5 Comparative Diversity Indices
Comparative analysis of diversity indices reveals a significant structural shift in the Harbul Forest AMF community between study periods. In Rainy 2022, the community exhibited lower diversity (H = 1.39) and higher dominance (D = 0.25) with a richness of 4, primarily driven by G. macrocarpum. Conversely, Rainy 2023 showed a transition toward a more complex, balanced structure, with the Shannon Index rising to 2.20, Simpson’s Index declining to 0.11, and Richness increasing to 6. This inverse relationship confirms that 2023 favored species evenness over dominance. Despite lower absolute spore counts, the emergence of a wider taxonomic variety suggests that 2023 environmental conditions supported a more stable and diverse mycological niche.
4. Discussion
The absolute dominance of Glomus and Funneliformis species in the Harbul Forest aligns with broader ecological patterns observed in Indian tropical dry forests, where the Glomeraceae family typically constitutes the core of the rhizospheric microbiome (Tripathi, 2017). These taxa function as "generalists" with high ecological plasticity, allowing them to colonize a wide host range in the nutrient-limited, acidic, or lateritic soils characteristic of the Jharkhand plateau (Brundrett, 2009).
The sharp decrease in G. macrocarpum frequency and the increase in "empty" transects during the 2023 season suggest that AMF sporulation in this region is highly sensitive to precipitation pulses. While 2022 was marked by uniform, low-intensity rainfall, 2023 experienced heavy monsoonal influence, particularly in August. Such excessive rainfall can lead to a "dilution effect" or physical spore displacement, potentially shifting the fungal energy budget to favor vegetative hyphal growth over reproductive sporulation (Guadarrama et al., 2014).
Despite the numerical decline in total abundance, the increase in the Shannon Index ($H'$) from 1.39 to 2.20 reflects a transition toward a more balanced community structure. This shift indicates a significant level of functional redundancy within the Harbul Forest ecosystem; the presence of resilient Glomus spp. and F. constrictus ensures that critical biological pathways for nutrient cycling and plant support remain intact even when dominant species like G. macrocarpum face temporary environmental suppression (Han et al., 2023).
5. Conclusion
The Harbul Forest hosts a resilient AMF community capable of maintaining core diversity despite significant yearly climatic fluctuations. The prevalence of Glomus species underscores their role as essential bio-regulators in Jharkhand's dry deciduous biome. Future research should utilize molecular tools (DNA barcoding) to identify the unidentified spores observed in this study and correlate spore counts with soil pH and available potassium to fully map these fungal niches.
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