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Causes of 
Waterlogging

Waterlogging

Addressing waterlogging effectively 
requires identifying its exact causes. The 
causes can be broadly categorized as 
natural or artificial:
1. Natural Causes
These arise from inherent geographical or 
physical characteristics of an area:

 Ֆ Geographical and Physical 
Characteristics: Low-lying regions 
or areas with flat topography are 
prone to waterlogging as water 
tends to accumulate in depressions 

Waterlogging refers to a condition where the soil becomes saturated with water due 
to factors such as excessive rainfall or poor drainage. In waterlogged soils, oxygen 
availability decreases, making it difficult for plants to access essential air for respiration. 
This can result in root rot and other problems. Waterlogging also contributes to erosion, 
hinders agricultural productivity, and creates habitats for pests such as mosquitoes. It is 
a common issue in regions with heavy rainfall or inadequate drainage systems.

with limited drainage. Impermeable 
soils like clays also contribute to this 
problem.

 Ֆ Slope of the Land: Flat or gently 
sloping areas often face slower water 
runoff, resulting in waterlogging. 
Conversely, steep slopes may 
prevent waterlogging but can lead 
to erosion.

 Ֆ Soil Water-Holding Capacity: Soils 
rich in clay retain water for longer 
periods, making them susceptible to 
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Effects of Waterlogging

Properties of 
Waterlogged Soil

Waterlogging significantly impacts agriculture, the environment, and communities. 
Major effects include:

 Ֆ Salinization: Saturated soils reduce evaporation, leading to salt accumulation and 
increased soil salinity, which harms plants.

 Ֆ Oxygen Deficiency: Reduced soil aeration suffocates roots, impairing nutrient 
absorption and plant health.

 Ֆ Temperature Changes: Waterlogged soils retain less heat, slowing essential 
biological processes for plant growth.

 Ֆ Weed Growth: Excess moisture promotes the growth of weeds and aquatic plants, 
which compete with crops for resources.

 Ֆ Crop Diseases: High moisture levels create favorable conditions for fungal diseases 
like root rot, reducing crop yields.

 Ֆ Restricted Root Growth: Saturated soils limit root expansion, reducing plants’ 
ability to absorb nutrients and water.

Waterlogged soils exhibit unique physical, biological, electrochemical, and chemical 
properties:
1. Physical Properties

 Ֆ Oxygen Depletion: Saturated conditions reduce air pockets, hindering soil processes 
and root respiration.

 Ֆ CO2 Accumulation: Anaerobic decomposition in waterlogged soils produces 
carbon dioxide, further depleting oxygen.

 Ֆ Soil Compaction: Saturated soils are more prone to compaction, reducing pore 

waterlogging. Sandy soils, with their lower water-holding capacity, are less prone 
to this issue.

 Ֆ Water Flow Characteristics: Regions near rivers, streams, or floodplains often face 
waterlogging during heavy rains or flooding. High groundwater levels in such areas 
exacerbate the problem.

2. Artificial Causes
These result from human activities:

 Ֆ Seepage from Water Systems: Poorly maintained reservoirs, canals, or irrigation 
systems can leak water into nearby areas, causing waterlogging.

 Ֆ Over-Irrigation: Excessive irrigation can oversaturate soil, especially when drainage 
infrastructure is inadequate.

 Ֆ Poor Water Disposal: Inadequate stormwater or runoff management can prevent 
excess water from being removed, resulting in waterlogged fields.
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spaces for air and water movement.
 Ֆ Reduced Gas Diffusion: The 

movement of gases like oxygen 
and carbon dioxide is slower in 
waterlogged soils.

2. Biological Properties
 Ֆ Reduced Aerobic Activity: Limited 

oxygen curtails the activity of 
aerobic microorganisms, slowing 
organic matter decomposition.

 Ֆ Slower Mineralization: Nutrient 
release from organic matter 
decreases due to reduced microbial 
activity.

 Ֆ Increased Immobilization: 
Microorganisms immobilize 
nutrients in anaerobic conditions, 
reducing their availability for plants.

Understanding the causes, effects, and properties of waterlogging is essential for 
mitigating its impact on agriculture and the environment. Effective management 
strategies include improving drainage systems, adopting efficient irrigation 
practices, and promoting sustainable land management. These measures help 
prevent waterlogging and support resilient agricultural systems in vulnerable 
areas.

3. Electrochemical Properties
 Ֆ Soil pH: Anaerobic conditions often 

lower soil pH due to organic acid 
production and mineral reduction, 
affecting nutrient availability.

 Ֆ Electrical Conductivity (EC): Poor 
drainage leads to salt accumulation, 
increasing soil salinity and affecting 
plant growth.

4. Chemical Properties
 Ֆ Soil Reduction Reactions: Anaerobic 

microbes utilize alternative electron 
acceptors, leading to the release 
of reduced forms of elements like 
ammonia and sulfides.

 Ֆ Micronutrient Toxicity: Excess iron, 
manganese, and aluminum under 
anaerobic conditions can harm plant 
roots and inhibit nutrient uptake.
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BIO-DRAINAGE
Definition
Bio-drainage refers to the removal of 
excess soil water through transpiration 
using the energy derived from plants and 
solar radiation. Although the concept of 
using vegetation for soil drying has existed 
for a long time, the term "bio-drainage" 
gained prominence in 1994, credited to 
Gafni. Earlier, Heuperman (1992) used 
"bio-pumping" to describe the use of trees 
for managing water tables.

How It Works
Bio-drainage operates by removing 
excess water through plant uptake and 
transpiration. The process involves the 
absorption of water by plants, followed 
by its release into the atmosphere via 
metabolic transpiration, effectively 
draining the soil-plant system.

Key Mechanism: Phreatophytes
The term "phreatophytes" originates 
from the Greek words phreatos (well) 
and phyte (plant). These plants can 

Concept of Bio-Drainage
1. Plant Selection
Specific plant species, known as "bio-
drainage crops," are chosen for their 
ability to absorb significant water volumes 
and transpire it through their leaves.

2. Water Uptake and Transpiration
Plants in waterlogged areas absorb soil 
water via their roots, lowering the water 
table and alleviating waterlogging.

3. Soil Improvement
Roots of these plants penetrate compact 
soil layers, enhancing soil structure, 
porosity, and fertility.

4. Additional Benefits
Bio-drainage also stabilizes soils, prevents 
erosion, and creates habitats, contributing 
to biodiversity.

extract water from both unsaturated and 
saturated soil layers. Examples include 
Eucalyptus tereticornis, Prosopis juliflora, 
and Tamarix articulata.
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Principles of 
Planning and Design

Criteria for Plant 
Selection

1. Water Balance
A proper assessment of water inflow 
and outflow, considering precipitation, 
evapotranspiration, and infiltration, 
ensures optimal design for managing 
waterlogging and boosting productivity.

2. Plantation Area
Strategically placed vegetation facilitates 
water uptake, stabilizes soils, and 
promotes biodiversity.

3. Salt Tolerance
Salt-tolerant species mitigate soil salinity 
through processes like phytoremediation, 
enhancing soil productivity.

4. Water Table Management
Bio-drainage lowers groundwater levels, 
ensuring better root aeration and nutrient 
uptake.

5. Salt Management
Effective bio-drainage systems 
manage soil salinity through leaching, 
evapotranspiration, and salt sequestration 
in plants.

6. Economic Aspects
Low installation and maintenance costs, 
along with benefits like increased yields 
and land value, make bio-drainage 
economically viable.

7. Social Acceptance
Community engagement ensures effective 
implementation and sustainability of bio-
drainage projects.

1. Rapid Growth
Fast-growing plants quickly establish 
themselves in waterlogged areas.
2. High Water Consumption
Plants with high water uptake reduce 
soil moisture and waterlogging.
3. Deep Root Systems
These enable access to deeper water 
reserves, lowering the water table 
efficiently.

4. Tolerance
Salt- and waterlogging-tolerant plants 
thrive in challenging conditions.
5. High Biomass Production
Rapid biomass accumulation improves 
soil health and organic matter content.
6. Salt Sequestration
Plants that store salts in their tissues 
contribute to soil desalination.
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\

Advantages of Bio-Drainage 
Over Conventional Systems
1. Low Maintenance and Cost
Bio-drainage requires minimal upkeep 
and incurs no operational costs after 
establishment.
2. Eco-Friendly
It enhances biodiversity, supports 
pollinators, and improves 
environmental sustainability.
3. Economic and Agricultural 
Benefits
Bio-drainage increases land 
productivity, generates additional 
income, and supports diverse cropping 
systems.
4. Climate Mitigation
Vegetation sequesters carbon and 
moderates temperatures, contributing 
to climate resilience.
5. No Drainage Infrastructure
Bio-drainage operates without outfall 
systems, reducing infrastructure costs 
and environmental risks.
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Limitations Conclusion
1. Land Requirement
Bio-drainage needs 10-15% of 
farmland, which may reduce the area 
for other crops.
2. Delayed Effectiveness
Young trees take years to establish and 
start lowering water tables effectively.
3. Competition for Resources
Trees may compete with crops for 
light, water, and nutrients.
4. Potential Soil Toxicity
Some species, like Eucalyptus, may 
release chemicals that inhibit crop 
growth.
5. Salt Accumulation
Water discharge can lead to salt buildup, 
affecting nearby soil productivity.
6. Wildlife Challenges
Tree plantations may attract wild 
animals, causing crop damage.
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