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Abstract

Irrigation is an indispensable agricultural practice that ensures the sustained growth,
health, and productivity of vegetable crops, particularly in regions with erratic rainfall or
prolonged dry spells. As a vital intervention in crop management, irrigation optimizes soil
moisture availability, facilitating optimal plant development and enhancing yield potential. The
precision and efficiency of modern irrigation techniques—such as drip, sprinkler, and
subsurface systems—play a pivotal role in maximizing water-use efficiency, mitigating the
adverse effects of water scarcity, and preventing the detrimental consequences of under- or
over-irrigation. The ability to regulate water delivery according to crop requirements not only
improves the consistency and quality of vegetable harvests but also enhances environmental
sustainability by minimizing water wastage and reducing soil erosion. Furthermore, strategic
irrigation practices contribute to food security, increase farm resilience, and support the
economic viability of vegetable production on both a local and global scale. Given the
increasing challenges posed by climate change, the integration of advanced irrigation
technologies remains crucial in securing the future of vegetable farming and ensuring
sustainable agricultural practices.
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Introduction

Vegetable crops have a wide range of water requirements that based on species, growth
stages, and environmental conditions. Water is essential for key physiological functions,
including nutrient absorption, photosynthesis, and overall plant growth. The water needs of
different vegetable types can differ significantly. For example, leafy vegetables like lettuce
require frequent irrigation due to their high transpiration rates, whereas root vegetables such as
carrots can tolerate less frequent watering because of their deeper root systems (Gao et al.,
2014). Understanding these differences is crucial for implementing effective irrigation
practices to ensure an adequate water supply throughout the crop growth cycle.
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Irrigation water plays a significant role as a carrier of off-site nutrient movement,
transporting nitrates in solution, phosphates bound to sediments, and other soluble chemicals
(Mal and Kaur, 2019). Scheduling irrigation is very essential, as excessive irrigation reduces
yield, while inadequate irrigation or water stress reduces plant size, fruit set and causes blossom
shedding and increases the susceptibility of plants to attack by pathogens that ultimately leads
to a reduction in total production (Dagleden et al., 2004). Accurate estimation of water involves
considering factors such as crop type, soil characteristics, and climate conditions. Tools like
crop coefficients and reference evapotranspiration models can assist in determining the optimal
amount of water required (Allen et al., 1998). Effective water management ensures that
vegetables receive the appropriate amount of water, thereby enhancing growth, yield, and
quality.

Important Factors for Effective Implementation of Irrigation

e The physical and chemical properties of the soil.

e The biological characteristics of the crop plants being grown.

e The quantity of water available for irrigation.

e Identifying the ideal timing for water application to crops.

e The methods employed for water distribution.

e The effects of climatic and meteorological conditions on irrigation practices.
Types of Irrigation

Irrigation systems are crucial for ensuring crops receive adequate water, especially in
regions with insufficient rainfall. There are several major types of irrigation, each suited to
different environmental conditions, crops, and water availability. The main types of irrigation
include, surface irrigation, subsurface irrigation and miro-irrigation. Surface irrigation includes
flood (inefficient due to water wastage), furrow (tomato and carrot) and basin (small, bunded
areas) irrigation. In subsurface irrigation water is delivered below the soil surface using buried
pipes, reducing evaporation and runoff. It’s particularly effective for deep-rooted vegetables
like tomatoes but has high setup costs and maintenance. In sprinkler irrigation water is sprayed
over crops through pipes and sprinklers. It mimics rainfall and is suitable for various vegetables
like peppers and cucumbers. It can cover large areas but requires more energy and has higher

evaporation losses. In drip irrigation water is delivered directly to the plant roots via tubing and
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emitters, minimizing water wastage. It’s highly efficient for water-sensitive vegetables like
lettuce, carrot and tomato. Though costly to install, it’s ideal for areas with water scarcity.
Critical Stages of Irrigation in Vegetables
The critical period refers to the growth stage when plants are most susceptible to water
shortages. A lack of water during these periods can irreversibly reduce yield, and corrective
measures at later stages cannot recover the lost potential. In vegetables, stress-free moisture is
essential due to their delicate, shallow root systems that dry out quickly within the top 15 to 20
cm of soil. As vegetables progress to later growth stages, their water demand increases
significantly, and moisture stress during these stages can greatly reduce yields. To optimize the
use of limited irrigation water, it is vital to provide water during moisture-sensitive periods
while withholding it during less critical stages (Ali and Akshay, 2023).
Important growth stages to maximize vegetable yield and quality:
e Germination: Uniform soil moisture is crucial for seed germination and early root
establishment.
o Flowering and Fruit Set: Adequate water during these stages prevents stress, ensuring
proper pollination and fruit development.
« Bulking: Crops like carrots, potatoes, and onions require consistent moisture during the
bulking stage for size and quality.
e Pre-Harvest: For some vegetables, reducing irrigation near harvest improves flavour and
reduces cracking or rotting.
Table 1: Critical stages irrigation of some of the horticultural crops (Galindo et al., 2018,
Mal and Kaur, 2019; Ali and Akshay, 2023)

Crops Available soil moisture Critical stages

Onion 60% Bulb formation and pre-
maturity

Tomato 60% Flowering and fruit setting

Chilies 50% Tenth leaf to flowering and

fruit development and after
periodical harvests
Cabbage 60% Head formation

Potato 45% Stolon formation,
tuberization and tuber
enlargement
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Carrot 45% Root enlargement

Beans 70% Flowering and pod setting

Peas 40% Flowering and early pod
formation

Cauliflower 70% Curd formation and
enlargement

Brinjal 50% Flowering and fruit
development and after each
harvest

Turnip 50% Root enlargement

Cucumbers and melons 50% Flowering and fruit
development

Okra 50% Flowering and pod
development

Asparagus Bush

Leafy Vegetables 70% Entire crop duration

Table 2. Irrigation scheduling methods according to irrigation water management

Rank | Irrigation scheduling | Irrigation water management
method
“Irrigate whenever” method | Water is applied with no scheduling.
2 "Feel and  appearance" | Water is applied according to the irrigation
method manager’s judgment of the appearance of a soil
sample and its comparison to soil reference photos.
See "Estimating Soil Moisture by Feel and
Appearance” (USDA, 1998).

3 Systematic method Water is applied based on time or volume,
regardless of weather and soil water conditions.

4 Crop water demand method | Water is applied according to the crop
evapotranspiration (ETc). This method consists of
calendar-based scheduling according to previous
seasons and should account for rainfall events.

5 Soil water status method Water is applied based on soil moisture content,
typically by supplying a percentage of soil available
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water in the crop root system. This method should
account for rainfall events.

Water budgeting method Water is applied based on water budgeting,
calculating crop evapotranspiration and soil

moisture content in the crop root zone.

Challenges for Irrigation Scheduling in Vegetables (Trivedi and Nandeha, 2024)

1.

Water Scarcity and Allocation: Water scarcity represents a critical challenge for
vegetable irrigation, especially in regions susceptible to drought or where water resources
are already over-allocated. A limited water supply can lead to reduced crop yields and
heighten competition between agricultural and non-agricultural users for the available
water (Molden et al., 2007).

Inefficiency of Traditional Irrigation Methods: Conventional irrigation techniques, such
as furrow and flood irrigation, are prone to substantial water losses due to evaporation,
runoff, and deep percolation. These methods are less efficient than modern alternatives,
thereby exacerbating issues related to water scarcity (Barker et al., 2002).

Soil Salinity and Degradation: Inappropriate irrigation practices can result in soil
salinization, particularly in arid and semi-arid areas. Elevated salinity levels in the soil can
adversely impact vegetable crop growth, leading to diminished yields.

Maintenance and System Failures: Irrigation systems, particularly those that are outdated
or poorly maintained, are prone to failures such as clogged emitters in drip irrigation
systems or leaks in sprinkler systems. Consistent and timely maintenance is essential to
ensure the continued efficiency and effectiveness of these systems.

Economic Constraints: The high initial costs associated with advanced irrigation
technologies, coupled with ongoing maintenance expenses, can present significant barriers
for smallholder farmers or those with limited financial means. These economic challenges
can hinder the widespread adoption of more efficient irrigation methods (Grafton et al.,
2018).

Creative Approaches and Effective Strategies

e Adoption of Modern Irrigation Technologies
e Use of Smart Irrigation Systems

e Soil Management Practices
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e Integration of Water Harvesting Systems
e Farmer Education and Training
Conclusion
Water scarcity is expected to remain a significant challenge in many key vegetable-
producing regions globally. Enhancing water use efficiency through precise irrigation
scheduling can help conserve water and mitigate the negative impacts of water quality
associated with commercial vegetable farming. However, the task of irrigation scheduling in
vegetable cultivation presents unique challenges, given the diversity of crop types, intensive
crop rotations, the large number of fields to manage, and the competing cultural practices
involved in growing marketable crops. By implementing advanced irrigation techniques, such
as drip or sprinkler systems, farmers can maximize water efficiency, minimize waste, and
mitigate environmental impacts, thereby contributing to more sustainable farming practices.
As the global demand for food continues to rise, the role of irrigation in maintaining soil health,
optimizing resource use, and securing agricultural productivity becomes increasingly
paramount. Ultimately, the continued evolution of irrigation technologies and the adoption of
best practices are essential for addressing the challenges of modern agriculture and ensuring a
resilient, food-secure future.
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