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Abstract

This paper explores the critical but often overlooked role of plant-fungal symbiotic relationships, particularly
those involving mycorrhizal fungi, in Environmental Impact Assessments (EIAs). It argues that disruptions to
these associations can have severe, cascading effects on ecosystem function and plant health, which are not
adequately captured by current EIA methodologies. We propose a new framework that integrates taxonomic
identification of both plant and fungal species to provide a more comprehensive assessment.
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1. Introduction: The Invisibility of Symbiotic Networks
Environmental Impact Assessment (EIA) is designed to anticipate and mitigate the consequences of human
development on natural ecosystems. However, its effectiveness is often limited by a focus on visible, macro-
level components, such as dominant tree species, wildlife populations, and water bodies. A fundamental
component of a healthy ecosystem—the intricate network of below-ground symbiotic relationships—is
frequently ignored. This oversight is particularly critical when considering mycorrhizal associations, a
mutualistic symbiosis between the roots of most land plants and fungi.
Mycorrhizal fungi colonize plant roots, forming a vast underground network of hyphae that dramatically
extends the plant's reach into the soil. In this vital exchange, the fungus provides the plant with essential
nutrients, particularly phosphorus, nitrogen, and water, which it is better able to acquire from the soil (Smith &
Read, 2010). In return, the plant supplies the fungus with carbohydrates produced during photosynthesis. This
partnership is not a minor feature; it is a keystone interaction underpinning the health and resilience of over
90% of plant families, from tropical forests to arid grasslands (Brundrett & Tedersoo, 2018). Beyond nutrient
transfer, the fungal mycelial network plays a crucial role in soil aggregation, carbon sequestration, and
protecting plants from pathogens and heavy metals (van der Heijden et al., 2015). Any disturbance that damages
this "hidden web" can lead to a domino effect of negative consequences, from nutrient depletion and increased
plant stress to widespread species decline and a fundamental shift in ecosystem dynamics.
2. The Shortcomings of Conventional EIA Practices
Traditional EIA methodologies, while valuable, are ill-equipped to detect and assess impacts on subterranean
symbiotic relationships. They typically rely on coarse-scale vegetation surveys, general soil chemistry tests,
and visual inspections that fail to account for the complex microbial world. Key limitations include:
. Incomplete Baseline Data: Without a specific focus on the fungal component, the pre-project
state of the plant-fungal community is unknown. An EIA might conclude that a site is low in biodiversity
based on plant species count, but fail to recognize a highly diverse and functionally critical fungal
community (Bahram et al., 2018).
. Underestimation of Impact: Many development activities, from topsoil removal and heavy
machinery use to chemical runoff from construction sites, directly harm the sensitive fungal network.
For example, soil compaction can physically crush hyphae and reduce aeration, while certain herbicides
and fungicides can be directly toxic to both free-living and symbiotic fungi (Kallenbach et al., 2016;
Varela & Sen, 2011). The loss of specific fungal species can have a disproportionate impact on host

JETIR2101353 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 68


http://www.jetir.org/

© 2021 JETIR January 2021, Volume 8, Issue 1 www.jetir.org (ISSN-2349-5162)

plants that are highly dependent on them, potentially leading to local extirpations of rare or specialized
flora.
. Ineffective Mitigation and Restoration: Post-project restoration efforts often focus on
replanting native plant species without considering the presence of the necessary mycorrhizal partners.
Plants may fail to thrive in restored areas if their fungal symbionts are absent, leading to long-term
ecosystem dysfunction and a waste of conservation resources (Kiers et al., 2011).
3. A Proposed Framework for Integrating Taxonomy into EIA
We propose a revised, multi-tiered EIA methodology that systematically incorporates the assessment of plant-
fungal interactions. This framework moves beyond broad generalizations to provide a detailed, taxonomically
informed analysis.
3.1. Tier 1: Comprehensive Baseline Survey
The initial step must be a comprehensive baseline survey of both plant and fungal communities within the
project area. This requires a dual-component approach:
. Plant Survey: A thorough floristic inventory should be conducted, identifying all plant species
down to the lowest possible taxonomic level. This helps to pinpoint host-specific plant species that may
be particularly vulnerable.

. Fungal Survey: This is the most critical and novel component. It should employ a combination
of established and cutting-edge techniques:
o Morphological Analysis: Traditional methods involve sampling soil and plant roots to

observe and identify fungal structures like spores and hyphae under a microscope.
o Molecular Analysis: The most accurate and rapid method is DNA barcoding. Soil cores
and root samples can be collected, and DNA extracted. The fungal Internal Transcribed Spacer
(ITS) region is a universally recognized marker for fungal species identification and is a standard
for biodiversity surveys (Schoch et al., 2012). This allows for a precise cataloging of the fungal
community, including cryptic or difficult-to-identify species.
3.2. Tier 2: Specific Impact Assessment
Once the baseline is established, the EIA should specifically model how proposed activities will affect the
identified plant-fungal network. This includes:
. Physical Disturbances: Assessing the impact of soil compaction, erosion, and topsoil removal
on fungal hyphal networks and spore banks.
. Chemical Contamination: Evaluating the potential toxicity of construction chemicals,
pollutants, and post-development runoff on specific fungal species.
. Habitat Fragmentation: Analyzing how a project might sever a continuous underground fungal
network, isolating plant populations and preventing the spread of beneficial fungi.
3.3. Tier 3: Targeted Mitigation and Monitoring
The final phase of the EIA must include explicit and taxonomically informed mitigation strategies.
. Topsoil Preservation: Requiring the careful salvaging and redistribution of topsoil, which is a
reservoir of beneficial fungal spores and hyphal fragments.
. Bio-inoculants: Mandating the use of native fungal bio-inoculants in restoration projects,
ensuring that the necessary symbiotic partners are available for replanted flora (Moynahan et al., 2015).
. Long-Term Monitoring: Establishing a multi-year monitoring program that tracks both plant
and fungal community composition, using molecular tools to verify the successful re-establishment of
the symbiotic network. This ensures that restoration is not just a cosmetic fix but a functional one.

4. Conclusion: A New Standard for Ecological Integrity

The failure to consider the intricate world of plant-fungal symbiosis represents a significant blind spot in current
environmental impact assessment. The "hidden web" of these relationships is a cornerstone of ecosystem
function and resilience. By integrating a sophisticated, taxonomically-grounded framework that utilizes
molecular methods like DNA barcoding, we can create a new standard for EIA. This proactive approach will
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lead to more robust, ecologically sound project designs, more effective conservation strategies, and ultimately,

healthier and more resilient ecosystems in the face of relentless human development.
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