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Abstract:

This chapter investigates the impact of crop diseases on the water footprint of key root and
tuber crops, including potatoes, cassava, sweet potatoes, and yams. It explores how diseases
contribute to increased water use by reducing crop yields, impairing plant water uptake,
and necessitating more frequent irrigation. The chapter provides a detailed analysis of the
effects of specific diseases, such as late blight in potatoes, cassava mosaic virus, and
anthracnose in yams, highlighting their role in exacerbating water consumption. Disease
management practices, including increased irrigation and the application of water-
intensive pesticides and fungicides, further elevate the water footprint. The chapter
recommends strategies to mitigate this impact, such as the development of disease-resistant
crop varieties, adoption of water-efficient irrigation systems, and implementation of
integrated pest and disease management. Additionally, it identifies future research
priorities, including advancements in breeding disease-resistant crops, innovations in
irrigation technology, and understanding the effects of climate change on crop health and
water use. The chapter emphasizes the importance of sustainable agricultural practices in
reducing the water footprint and ensuring long-term water resource sustainability and food
security
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16.1 Introduction:

The total amount of water utilised, both directly and indirectly, in the production of goods
and services is measured as the water footprint (Kumar, and Janet, 2019). This idea is
important to agriculture since the production of crops uses a large number of freshwater
resources worldwide. The three primary components of the water footprint are green water,
which is rainwater absorbed by crops, blue water, which is surface and groundwater utilised
for irrigation, and grey water, which is water used to dilute pollutants coming from
agricultural activities (Maite et al., 2020; John et al., 2019 a). It is easier to evaluate the
sustainability of farming operations when one is aware of the water footprint in agriculture.
Reduced water footprint crops typically use water more effectively, reducing strain on
nearby water supplies (Lakhiar et al., 2024). Conversely, crops with large water footprints
can put a pressure on water supplies, particularly in areas where water is scarce.
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This idea is essential for creating plans that strike a balance between water conservation and
food production, guaranteeing farming's long-term sustainability (McLaughlin and
Kinzelbach 2015; John et al., 2019 b).

Water Footprint

 water
Rain Water Used Surface and Freshwater Used to
Groundwater Used Dilute Pollution

Figure 16.1: Different types of water footprint
¢ Vulnerability of Root and Tuber Crops to Diseases:

In many parts of the world, root and tuber crops such as potatoes, cassava, sweet potatoes,
and yams are vital staple foods. These crops, however, are extremely susceptible to a variety
of illnesses, such as bacterial, viral, and fungal infections (Chandrasekara et al., 2016).
Cassava mosaic virus and potato blight, for instance, can seriously impair crop quality and
drastically lower production.

Compared to above-ground crops, root and tuber crops are more difficult to detect and
manage diseases because of their underground nature (Bodah, 2017). In addition,
environmental factors that contribute to disease susceptibility include high levels of
wetness, inadequate soil drainage, and temperature fluctuations. Disease outbreaks have the
potential to destroy local food supplies and agricultural economies in regions where these
crops are essential for food security (Maurya et al., 2023 a).

o How Diseases Affect Water Use in Agricultural Systems:

In numerous ways, diseases can have a major impact on how much water agricultural
systems consume. First, more frequent irrigation is frequently needed for diseased crops to
lessen the impacts of disease-induced stress, which increases water consumption. For
example, diseases affecting the function of the roots might lower a plant's capacity to absorb
water, requiring more irrigation to keep the crop from failing (John, 2006; Maurya et al.,
2023 b). Furthermore, treating illnesses frequently entails applying more chemical
treatments, such fungicides, which raises the water footprint of crop production.
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Certain diseases can be made worse by using overhead irrigation techniques, which are
frequently employed to control diseases (Mishra et al., 2019; Maurya et al., 2020). This is
because the moisture they provide encourages the disease to spread deeper. Furthermore,
illnesses that lower crop yields can increase the amount of water consumed per unit of
output. The same amount of water provides less food when yields are lower owing to illness,
hence increasing the amount of water consumed per kilogramme of crop (Ali et al., 2008).
Long-term effects may result from this in areas with limited water resources, where
sustainable farming depends on effective water use.

16.2 Pathways through Which IlInesses Boost Crop Water Use:

e Lower Yields Leading to Increased Water Use Per Unit of Output:

Crop vyields generally decrease dramatically when they are impacted by illness.
Consequently, less is produced with the same amount of water that would normally support
a healthy, full crop. Because of this inefficiency, more water is required to harvest each unit
of produce. For instance, the production of a root crop like cassava may be halved yet the
water need may stay roughly the same if the crop is afflicted with a disease like cassava
mosaic virus (Jones and Roger 2021; Maurya et al., 2018). An imbalance between water
uses and agricultural productivity results from this, as the water footprint per kilogramme
of crop rises. This has significant effects on the management of water resources, especially
in areas that already experience drought or water scarcity.

e Disruption of Plant Water Uptake and Physiology Due to Disease:

Diseases in crops can disrupt normal physiological processes, including water uptake and
nutrient absorption. Many root and tuber diseases affect the root system directly, impairing
the plant’s ability to absorb water efficiently (Ray, 2024). For example, diseases like root
rot can damage the roots, reducing their capacity to transport water to the plant. This forces
the plant into a state of stress, where it requires more water to maintain basic physiological
functions. Additionally, diseases can alter the plant's water regulation mechanisms, such as
stomatal function, which affects transpiration rates (Wu 2022). These disruptions lead to
inefficient water use, with plants demanding more water while yielding less, thereby
worsening the water footprint.

e Disease-Induced Stress and Increased Irrigation Requirements:

Crops that are disease-stressed frequently need more watering to offset the detrimental
impacts. Plants suffering from diseases may experience physiological stress, which
manifests as symptoms including wilting, reduced leaf area, and slower growth (Beck
2019). In response, even though the plants would not fully recover or yield normally,
farmers might boost irrigation in an effort to keep the plants alive and hydrated. Since
irrigation is used to reduce disease-induced stress rather than to promote growth, this
method has the potential to dramatically increase water consumption (Harun-Ur-Rashid et
al., 2023). The crop's water footprint may increase even more in severe disease outbreak
situations when the amount of water needed is out of proportion to the yield.
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16.3 Impact of Specific Diseases on Water Footprint in Major Root and Tuber
Crops:

e Potato (Solanum tuberosum): Water Footprint of Managing Late Blight
(Phytophthora infestans):

Potato late blight, or Phytophthora infestans, is a destructive disease that, if left unchecked,
can result in significant crop losses. The water footprint is increased by late blight in a
number of ways. In an effort to preserve crop health, farmers first tend to irrigate more
frequently when crops are stressed as a result of the illness. Additionally, the illness compels
farmers to employ fungicides, many of which require a lot of water to apply, increasing the
amount of water used (Plappally and Lienhard 2012).

Source: https://www.thompson-morgan.com
Figure 16.2: Late Blight of Potato

Moreover, lower yields from infected plants usually translate into an increased water
requirement per kilogramme of harvested potatoes. This is particularly problematic in
regions where groundwater and surface water sources play a major role in agriculture (lerna
2023). Potato farming can have a significantly larger water footprint if late blight is not
controlled, which would put a pressure on water supplies and agricultural production (Reay
and Reay (2019).

e Cassava (Manihot esculenta): Effects of Cassava Mosaic Disease on Water
Footprint:

A virus that drastically lowers cassava yields is the source of cassava mosaic disease
(CMD), which sharply raises the water footprint per unit of production. CMD hinders the
growth of the plant by lowering photosynthesis and slowing the development of leaves,
which lowers biomass and root output (Ewa 2021). Farmers cultivating cassava in CMD-
affected locations may compensate by increasing the area under cultivation or intensifying
irrigation measures to counter production losses, both of which contribute to a greater water
footprint (Hoekstra 2017; Maurya et al., 2023 c).
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Since cassava is frequently farmed in rainfed systems, the illness mainly impacts how well
rainwater (green water) is used. However, treating CMD frequently necessitates additional
water input in areas where irrigation is used, which can exhaust already limited water
resources (Hoekstra 2017). Furthermore, when cassava yields are reduced due to CMD,
more water is needed overall per kilogramme of the crop, which reduces the crop's water
efficiency when disease pressure increases.

e Sweet Potato (Ipomoea batatas): Impact of Viral Diseases on Water
Efficiency:

A number of viral infections, including the most serious one, Sweet Potato Virus Disease
(SPVD), can infect sweet potatoes. Viral infections impede the plant's growth and
development, leading to a notable decrease in yields. Viral infections cause more water to
be wasted because they make it more difficult for plants to generate the desired biomass
with the same amount of water, which reduces the crop's capacity to absorb and use water
(Farooq et al., 2019; Pandey et al., 2022 a). Viral infections can cause overcompensation in
irrigation techniques, which increases the crop's water footprint in areas where irrigation is
required. Furthermore, the total resource inputs, including water, increase because viral
infections frequently call for extra chemical treatments or the planting of disease-free tissue
cultures. Viral infections reduce the number of sweet potatoes that can be harvested per unit
of water consumed, which reduces water usage efficiency and increases the water footprint.

e Yams (Dioscorea spp.): How Anthracnose Affects Water Use in Yam
Cultivation:

Anthracnose, caused by the fungus Colletotrichum spp., is a significant disease affecting
yams, leading to reduced leaf area, stunted growth, and lower tuber yields. As anthracnose
weakens the plant’s overall health, yams become less efficient in water uptake and use
(Coffie 2013). This means that even under optimal irrigation or rainfall, infected plants
produce smaller tubers, effectively increasing the water footprint of the crop. When yams
are grown in areas where supplemental irrigation is used, anthracnose can cause farmers to
consume excessive amounts of water in an effort to offset the stress caused by the disease.
Moreover, anthracnose frequently causes secondary problems including heightened
susceptibility to other pests and illnesses, which calls for more water-intensive therapies
like the use of pesticides (Pandey et al., 2022 b). When anthracnose affects yam production
over time, more water is needed to produce the same number of tubers—or perhaps less—
than before, which results in a noticeable rise in the water footprint (Tuyishimire et al.,
2022).

16.4 Water-Intensive Disease Management Practices:
Increased Irrigation to Compensate for Disease-Related Stress:

¢ Diseases often damage the root systems of crops, reducing their ability to absorb
water effectively (Passioura (2006; Pant et al., 2023).
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e To combat this, farmers increase irrigation to maintain plant health and prevent further
yield loss.

e The additional water used often leads to wastage, as diseased plants are less efficient
in using the water (Rajasulochana and Preethy 2016).

o  Despite increased irrigation, yields may still be reduced, resulting in a higher water
footprint per unit of output (Ravishankar et al., 2023).

e This practice contributes to water resource depletion, especially in water-scarce areas
(Alotaibi et al., 2023).

Water Use in Pesticide and Fungicide Applications:

e Managing crop diseases with pesticides and fungicides often requires large amounts of
water for mixing and spraying.

e Frequent chemical applications are necessary for crops highly susceptible to diseases,
increasing overall water consumption (Dixon 2015).

e Fungicide treatments often require repeated applications throughout the growing
season, compounding water usage.

e This practice raises the water footprint of crops and can lead to runoff, causing water
contamination in surrounding areas (Fatima et al., 2024).

The Role of Overhead Irrigation in Disease Spread and Water Wastage:

e Overhead irrigation systems can lead to significant water wastage through evaporation
before the water reaches the soil.

e The moist environment created by water droplets on plant foliage encourages the
growth and spread of fungal diseases (Jain et al., 2019).

e This can result in a cycle where overhead irrigation worsens disease outbreaks,
requiring even more water for disease management.

e The inefficiency of overhead irrigation systems increases the crop's overall water
footprint and poses sustainability challenges in agriculture.

16.5 Conclusion:

There is a substantial correlation between crop diseases and the water footprint of root and
tuber crops. By lowering crop yields and decreasing plants' ability to absorb water, diseases
directly raise the water footprint by requiring more water per unit of production. Water
consumption is also increased by the need for additional watering that infected crops
frequently require to reduce disease-induced stress. Furthermore, the situation can be made
worse by disease management techniques including the use of water-intensive insecticides
and fungicides as well as overhead irrigation systems, which can inadvertently waste water
and promote the spread of disease. Crop diseases in root and tuber crops, in general, increase
the water footprint and strain already limited water supplies.
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16.5.1 Recommendations for Reducing Water Footprint through Disease-
Resistant Crops and Sustainable Practices:

e Development and Use of Disease-Resistant Varieties: Planting disease-resistant
varieties of root and tuber crops can significantly reduce the water footprint by
minimizing the need for excessive irrigation and chemical treatments. Resistant
varieties can maintain higher yields under disease pressure, improving water use
efficiency.

e Adoption of Water-Efficient Irrigation Systems: Switching from overhead irrigation
to more efficient systems like drip or subsurface irrigation can help reduce water
wastage and prevent the spread of diseases by minimizing moisture on plant leaves.

e Integrated Pest and Disease Management (IPDM): Implementing IPDM practices
that combine biological control, cultural practices, and minimal chemical use can
reduce water-intensive disease management approaches. For example, rotating crops,
improving soil health, and using biological control agents can limit disease outbreaks,
decreasing the need for excessive water use.

e Precision Agriculture: Using technology like remote sensing, drones, and soil
moisture sensors can help farmers target irrigation and disease control measures more
efficiently. This ensures that water and treatments are applied only when and where
they are needed, improving overall water conservation.

e Improved Soil Health: Maintaining healthy soils through organic amendments and
proper crop rotations can help crops resist diseases naturally, reducing the need for
water-intensive interventions.

16.5.2 Future Research Directions on the Nexus of Crop Health and Water Use
in Root and Tuber Crops:

e Creating More Disease-Resistant Varieties: The key to lowering the water footprint
of these crops will be to carry out more research on breeding or genetically modifying
root and tuber crops to make them resistant to a wider range of diseases. These crops
ought to be adjusted to various climates and levels of water availability.

¢ Innovations in Irrigation and Disease Detection Technologies: Upcoming studies
should concentrate on creating and improving precision agricultural instruments that
can reliably identify early illness symptoms and offer up-to-date information on water
requirements. This may result in focused, water-saving measures that reduce the burden
of disease and water use.

¢ Recognising How Climate Rise Affects Disease and Water Use: Crop disease
prevalence is expected to rise as a result of rising temperatures and altered precipitation
patterns brought on by climate change. The main goals of research should be to create
adaptive strategies and to comprehend how the relationship between diseases and water
use in root and tuber crops will change as a result of climate change.
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