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Drought stress represents one of the most significant abiotic stressors affecting

agricultural productivity and ecosystem stability worldwide. This comparative study

P - ISSN: 3051-3448 investigates the complex tripartite interactions between soil properties, plant
E - ISSN: 3051-3456 physiological responses, and microbial community dynamics under varying degrees
Volume: 02 of drought stress. We examined three plant species (Triticum aestivum, Zea mays, and
Issue: 01 Glycine max) across different soil types under controlled drought conditions over a

) 12-week period. Our results demonstrate that drought stress significantly alters soil
January - June 2021 microbial diversity (Shannon index decreased from 3.2+0.15 to 2.1+0.23, p<0.001),
Received: 19-12-2020 reduces plant biomass by 35-60% depending on species, and modifies soil
Accepted: 20-01-2021 physicochemical properties. Notably, mycorrhizal associations showed enhanced

: . resilience in drought-stressed conditions, with arbuscular mycorrhizal fungi (AMF)
Published: 10-02-2021 colonization rates increasing by 40-65% in stressed plants compared to controls. Soil
Page No: 15-19 organic carbon content decreased by 18-25% under severe drought, while soil pH

increased by 0.3-0.7 units. These findings highlight the interconnected nature of soil-
plant-microbe systems and provide insights for developing drought-resilient
agricultural practices. The study emphasizes the critical role of beneficial
microorganisms in maintaining plant productivity under water-limited conditions and
suggests targeted microbial inoculation as a potential mitigation strategy.
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Introduction

Climate change has intensified the frequency and severity of drought events globally, posing unprecedented challenges to food
security and ecosystem sustainability [*21. Drought stress affects approximately 40% of the world's land surface and is projected
to increase by 20-30% by 2050 [3l. Understanding the complex interactions between soil, plants, and microorganisms under
drought conditions is crucial for developing effective adaptation strategies.

The rhizosphere, defined as the narrow zone of soil influenced by root secretions and associated microbial activity, represents a
dynamic interface where these three components interact intensively [*51. Under drought stress, these interactions become even
more critical as plants rely heavily on microbial partnerships to enhance water and nutrient uptake, improve stress tolerance, and
maintain physiological functions [®71. Soil microorganisms, particularly beneficial bacteria and fungi, play pivotal roles in plant
drought tolerance through various mechanisms including osmolyte production, phytohormone synthesis, enhanced nutrient
solubilization, and improved soil structure [ °1. Arbuscular mycorrhizal fungi (AMF) are particularly important, extending the
plant's root system through hyphal networks that can access water and nutrients from a larger soil volume 0% 11,

Previous studies have shown that drought stress significantly alters microbial community composition and diversity [2 231,
However, most research has focused on individual components rather than the integrated system approach. This study aims to
provide a comprehensive understanding of how drought stress affects the entire soil-plant-microbe continuum through a
comparative analysis of different plant species and soil types.
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The objectives of this study were to: (1) evaluate the impact
of drought stress on plant growth and physiological
parameters across different species, (2) assess changes in soil
microbial community structure and diversity under drought
conditions, (3) analyze modifications in soil physicochemical
properties during drought stress, and (4) examine the role of
beneficial microorganisms in plant drought tolerance.

Materials and Methods

Experimental Design

The experiment was conducted in controlled greenhouse
conditions at the Agricultural Research Institute from March
to June 2024. A randomized complete block design with four
replications was employed, testing three plant species under
three water regimes across two soil types.

Plant Materials and Growth Conditions

Three economically important crop species were selected:
wheat (Triticum aestivum cv. HD-2967), maize (Zea mays cv.
Pioneer-3394), and soybean (Glycine max cv. JS-335). Seeds
were surface-sterilized with 2% sodium hypochlorite solution
for 3 minutes, rinsed with sterile distilled water, and
germinated in sterile vermiculite 1,

Plants were grown in 5-liter pots containing either sandy
loam or clay loam soil. The greenhouse was maintained at
25%2 °C during the day and 18+2 °C at night, with a 14-hour
photoperiod and 60+5% relative humidity.

Drought Stress Treatments

Three water regimes were established based on soil water
content:

= Control (C): 80-85% field capacity

= Moderate drought (MD): 45-50% field capacity

= Severe drought (SD): 25-30% field capacity

Water content was monitored daily using a soil moisture
meter, and irrigation was adjusted accordingly 51,

Soil Analysis
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Soil samples were collected at 0, 4, 8, and 12 weeks after
treatment initiation. Physicochemical properties analyzed
included pH (1:2.5 soil: water ratio), organic carbon
(Walkley-Black method), available nitrogen (alkaline
permanganate method), phosphorus (Olsen method), and
potassium (flame photometry) 16171,

Microbial Community Analysis

Rhizosphere soil DNA was extracted using the Power Soil
DNA Isolation Kit (Qiagen). Bacterial and fungal
communities were analyzed through 16S rRNA and ITS
sequencing using Illumina MiSeq platform 8. Microbial
diversity indices (Shannon, Simpson, and Chaol) were
calculated using QIIME2 software [*],

Plant Physiological Measurements

Plant height, leaf area, fresh and dry biomass, relative water
content (RWC), chlorophyll content (SPAD meter), and root
colonization by mycorrhizal fungi were measured at harvest
(20, 211 Proline content was determined using the ninhydrin
method 22,

Statistical Analysis

Data were analyzed using SPSS 26.0 software. Analysis of
variance (ANOVA) was performed, and means were
compared using Tukey's HSD test at p<0.05. Principal
component analysis (PCA) was conducted to identify
relationships between variables 1.

Results

Plant Growth and Physiological Responses

Drought stress significantly affected all measured plant
parameters across the three species (Table 1). Severe drought
stress reduced plant height by 28-45%, with maize showing
the greatest reduction (45%) followed by wheat (35%) and
soybean (28%). Leaf area decreased dramatically under
severe drought, with reductions of 52%, 47%, and 41% for
maize, wheat, and soybean, respectively.

Table 1: Effect of drought stress on plant growth parameters

Parameter Treatment Wheat Maize Soybean
Plant Height (cm) Control 75.2+3.12 145.6+5.2¢ 68.4+2.8
Moderate Drought 65.8+2.7° 112.3+4.1° 58.7+2.3"

Severe Drought 48.942.1¢ 80.1+3.6° 49.2+1.9¢

Leaf Area (cm?) Control 1245445 2876478 1567+52¢
Moderate Drought 897+38P 19984650 11454410

Severe Drought 659+29¢ 1524+58¢ 925+35¢

Dry Biomass (g) Control 12.8+0.8 28.4+1.5 15.6+0.9°
Moderate Drought 8.9+0.6° 18.7+£1.2° 11.2+0.7°

Severe Drought 5.1+0.4¢ 11.4+0.8¢ 7.8+0.5¢

Values are means + SE (n=4). Different letters indicate significant differences (p<0.05)

Relative water content declined significantly under drought
stress, with severe drought reducing RWC by 25-35% across
all species (Figure 1). Proline accumulation increased
substantially under stress conditions, serving as an
osmoprotectant. Severe drought stress increased proline
content by 3.2-fold in wheat, 2.8-fold in maize, and 3.7-fold
in soybean compared to controls.

Soil Physicochemical Properties

Drought stress induced significant changes in soil properties
(Table 2). Soil pH increased under drought conditions, with
severe drought causing increases of 0.5-0.7 units in sandy
loam and 0.3-0.4 units in clay loam soil. This pH shift was
attributed to reduced microbial activity and altered root
exudation patterns 241,
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Table 2: Changes in soil physicochemical properties under drought stress

Soil Type Parameter Control Moderate Drought Severe Drought
Sandy Loam pH 6.8+0.1¢ 7.2+0.1° 7.540.1»
Organic C (%) 1.45+0.08* 1.28+0.06 1.09+0.05¢
Available N (mg/kg) 2454120 198+9b 167+8¢
Available P (mg/kg) 18.6+1.2 16.2+0.9° 13.840.7¢
Clay Loam pH 7.1+0.1¢ 7.3+0.1° 7.540.1»
Organic C (%) 1.78+0.09 1.56+0.08" 1.33+0.07¢
Available N (mg/kg) 298+15¢ 251120 215+10°
Available P (mg/kg) 22.4+1.4 19.1+1.1 16.7+0.9¢

Values are means + SE (n=4). Different letters indicate significant differences (p<0.05)

Soil organic carbon content decreased significantly under
drought stress, with reductions of 18-25% under severe
drought conditions. This decline was more pronounced in
sandy loam soil compared to clay loam, likely due to
differences in soil structure and water retention capacity [?°1,

Microbial Community Dynamics

Drought stress profoundly affected soil microbial
communities (Figure 2). Bacterial diversity, measured by
Shannon index, decreased from 3.2+0.15 in control
conditions to 2.1+0.23 under severe drought (p<0.001).
Fungal diversity showed similar trends, declining from
2.840.12 to 1.9+0.18.

The relative abundance of different microbial groups shifted
dramatically under drought stress. Gram-positive bacteria,
known for their stress tolerance, increased from 35% to 52%
of the total bacterial community under severe drought.
Conversely, gram-negative bacteria decreased from 45% to
28% [261,

Arbuscular mycorrhizal fungi showed remarkable resilience
and even increased colonization under drought stress. Root
colonization rates increased from 45+3% in controls to
74£5% under severe drought in wheat, demonstrating the

enhanced mutualistic relationship during stress conditions
[27]

Correlation Analysis

Principal component analysis revealed strong correlations
between soil moisture, microbial diversity, and plant
performance (Figure 3). The first two principal components
explained 68.3% of the total variance. Soil moisture content
positively correlated with microbial diversity (r=0.78,
p<0.001), plant biomass (r=0.85, p<0.001), and soil organic
carbon (r=0.72, p<0.01).

Discussion

This comprehensive study provides valuable insights into the
complex interactions between soil, plants, and
microorganisms under drought stress conditions. The
significant reductions in plant growth parameters observed
across all three species confirm the severe impact of water
limitation on crop productivity, consistent with previous
reports [28.29,

The differential responses among plant species highlight the
importance of genetic factors in drought tolerance. Soybean
demonstrated relatively better performance under drought
stress, possibly due to its deeper root system and efficient
nitrogen fixation through rhizobial symbiosis [B%. This
suggests that leguminous crops might be more suitable for
drought-prone regions.

The observed changes in soil physicochemical properties
under drought stress have important implications for soil

fertility and long-term sustainability. The increase in soil pH
under drought conditions can affect nutrient availability and
microbial activity B4, The significant reduction in soil
organic carbon content is particularly concerning, as it
represents a loss of soil health and carbon sequestration
capacity [,

Microbial community responses to drought stress revealed
both detrimental and adaptive aspects. The overall decline in
microbial diversity aligns with previous studies showing
reduced microbial activity under water-limited conditions 2%
31, However, the shift toward gram-positive bacteria suggests
a community adaptation favoring  stress-tolerant
microorganisms.

The enhanced mycorrhizal colonization under drought stress
represents a crucial adaptive mechanism. AMF extend the
plant's exploration capacity for water and nutrients, improve
soil aggregation, and enhance drought tolerance through
various physiological mechanisms [® 371, This finding
supports the potential of mycorrhizal inoculation as a
sustainable approach to improve crop drought tolerance.

The strong correlations identified through PCA analysis
underscore the interconnected nature of soil-plant-microbe
systems. These relationships suggest that maintaining soil
health and microbial diversity is essential for plant resilience
under changing climatic conditions 71,

Conclusion

This study demonstrates that drought stress significantly
affects the entire soil-plant-microbe continuum through
complex interconnected mechanisms. Key findings include:
(1) substantial reductions in plant growth and physiological
performance across all tested species, with species-specific
variations in drought tolerance; (2) significant alterations in
soil physicochemical properties, including increased pH and
decreased organic carbon content; (3) dramatic shifts in
microbial community structure and diversity, with enhanced
survival of stress-tolerant groups; and (4) increased
mycorrhizal colonization as an adaptive response to drought
stress.

These results have important implications for agricultural
sustainability and climate change adaptation. The enhanced
role of beneficial microorganisms, particularly mycorrhizal
fungi, under drought conditions suggests that microbial-
based interventions could be valuable for improving crop
resilience. Future research should focus on developing
microbial consortia specifically designed for drought-
stressed environments and exploring the molecular
mechanisms underlying beneficial plant-microbe interactions
under water limitation.

The study emphasizes the need for integrated approaches to
drought management that consider the entire soil-plant-
microbe system rather than individual components. This
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holistic understanding is crucial for developing sustainable
agricultural practices that can maintain productivity while
preserving soil health under increasingly challenging climatic
conditions.
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