
Water usage (agriculture / drinking)
parameters related to water quality/quantity, 

differences, demands, standards, threats



Water: drinking

Excluding fat, water composes approximately 70% of the human body by mass; We 
drink 2 to 3 L of water every day

It was estimated (in 2006) that about 1.1 billion people lack proper drinking water; 
Waterborne diseases were estimated to cause 1.8 million deaths each year

water quality is defined by chemical, biological and/or radiometric standards

before app. 1850 water quality was checked only by its taste, smell, and appearance

among the first parameters that were measured (in the beginning of 20th century) 
was the presence of coliform bacteria

even nowadays, microbial pathogenic parameters are very important because of their 
immediate health, risk unlike the toxic chemicals, which may or may not impose 
immediate health risk



Water: drinking (important parameters)



Accessibility of drinking water (in some “developing” countries)



Quality of tap water in different parts 
of the world

many information on quality of tap 
water can be found online

example: Environmental Performance 
Index study carried out by Yale 
University https://epi.yale.edu/epi-
results/2020/component/h2o



Water: drinking 
(mineralization)



Water: drinking

The World Health Organization (WHO) worldwide and the European Community (EC) 
in Europe elaborate and publish guidelines which pertain to drinking water standards

By these guidelines, each country defines its maximum admissible concentrations
(MACs) of contaminants in drinking water

inorganic pollutants: 

dangerous: lead, mercury, cadmium, arsenic, cyanides, asbestos

hazardous: aluminum, antimony, barium, boron, chromium, cobalt, copper, 
manganese, nickel, silver, tin, vanadium, zinc, fluorides, nitrates/nitrites

organic pollutants → diverse group of chemicals (pesticides, pharmaceuticals, 
personal care products, endocrine disrupting chemicals, industrial additives, fire 
retardants, residues of chemical weapons); significant pollutants are organohalogens

several organic and some inorganic toxins have teratogenic effects



total concentration of organic compounds in water is not high in most cases, it 
varies from 0 to 1 mg/L in groundwater, from 1 to 5 mg/L in most surface waters, 
and from 20 to 25 mg/L in some waters with the highest concentration of organic 
matter
the main hazard to life, health of humans, flora and fauna comes from 
anthropogenic organic compounds. The number of known organic compounds is 
now estimated to be about 16 million, 2 million of which are produced by synthesis 
alone 
every year, approximately 250,000 new compounds are synthesized, about 1000 of 
which are manufactured on an industrial scale. App. 70,000 organic compounds are 
commercially available with an annual global production of 100–200 million tons. 
approximately one-third of all organic compounds produced end up in the 
environment, including water
particularly important are organohalogen compounds and pesticides as a result 
of their common use (in the past), persistence in the environment and toxicity

Water: drinking



Water: drinking

Pathogens transmitted 
through drinking-water

Guidelines for drinking-water 
quality, WHO, 2011.



Lack of water treatment/sanitation

source: https://www.nationalgeographic.com/magazine/article/toilet-defecate-outdoors-stunting-sanitation



Lack of water treatment/sanitation in highly populated areas (Delhi, India)



Lack of water treatment/sanitation: consequences

diarrhea kills over 117,000 children under age five each year in India
low water quality caused by lack of proper sanitation contributes to stunting of children



the standards for water quality in agriculture are (obviously) lower in comparison 
to drinking
in many cases the quality parameters of water used in agriculture are not 
measured at all
among the properties that are important is the salinity of irrigation water 
(especially in arid environments)
whereas most of the drinking water originates from subsurface, larger part of 
water used in agriculture comes from rain, rivers or lakes 
water is used in agriculture mainly for irrigation purposes
livestock production is more demanding (especially cows) when it comes to water 
consumption compared to growing plants only; the reason is relatively obvious, 
livestock animals as herbivores, must consume huge amount of plant biomass to 
grow their bodies

Water use in agriculture



Water footprint: meat production

source: Animal (2018), 12:5, pp 1068–1076, doi:10.1017/S1751731117002865



Water footprint: meat and other animal goods

source: Alberto Stanislao Atzori et al. / Agriculture and Agricultural Science Procedia 8 ( 2016 ) 50 – 57



Water footprint: 
various food products

source: Chapagain AK, Hoekstra AY (2004) Water
Footprints of Nations. Value of Water Research
Report Series No. 16, UNESCO-IHE. The
Netherlands: Delft. www.waterfootprint.org



Transpiration ratio = moles of transpired water / moles of assimilated carbon  
expresses water efficiency of photosynthesis

C3 plants ≈ 500
C4 plants ≈ 200
CAM plants ≈ 50

Many agricultural plants are C3, including wheat, barley, rapeseed, rice, or soybean
C4 plants: corn, sorghum, sugarcane, millet, and switchgrass
CAM plants: Pineapple, Agave

Water use in agriculture: plant growth and the role of photosynthesis



C3, C4, and CAM plants have different mechanisms of C fixation. In the C fixation 
CO2 is reduced in set of biochemical reactions called Calvin cycle. 
In case of C3 plants first stable product in Calvin cycle is 3-fosfoglycerate, which 
consists of three carbon atoms (therefore C3 plants). The enzyme Rubisco is 
involved these reactions in C3 plants. 
In C4 plants the mechanism of photosynthetic reduction of CO2 is different. 
Instead of Rubisco enzyme, phosphoenolpyruvate carboxylase enzyme is used, 
and the product is oxaloacetate, which has 4 carbon atoms →C4 plants. 
CAM plants (crassulacean acid metabolism) have their stomata closed during day. 
During night, when their stomata are opened, they fix CO2 by the enzyme 
phosphoenolpyruvate carboxylase (similarly as C4 plants) while malate is formed. 
This malate is stored in the vacuole and during daylight is released from the 
vacuole, decarboxylated and formed CO2 is fixed through Calvin cycle

Water use in agriculture: plant growth and the role of photosynthesis



70 % of the world’s food is now produced by irrigated agriculture.
Many of the rivers in the arid and semiarid parts of the world were dammed partially 
because of irrigation need. 
Prior irrigation expansion (in the early 1970s) large-scale famines had followed droughts 
in India. 
The introduction of dams and irrigation made double-cropping possible.
International Committee on Irrigation and Drainage found that there are almost 300 
million ha of land is being irrigated in the world (which roughly equals to 1/3 of China).
One of the most important concepts in water resources management is sustainability. 
With respect to groundwater resources, it means that the rate of extraction from an 
aquifer should not exceed the rate of aquifer recharge.

Water use in agriculture – irrigation



Water use in agriculture – irrigation

Farm scale water balance → the goal is to reduce/limit evaporation and runoff 



older – traditional with no external force (pressure) → relying solely on gravity
newer (more recent) piped systems →water is transported by applied pressure (usually 
2 – 3 bars) , which is provided by pumping unit(s) or supply tank elevated at certain point 
above reference level
in practice the two approaches are often combined to effectively (economically) deliver 
water in given circumstances and environmental settings

Agriculture – irrigation methods



1. Surface: water is applied by gravity across the soil surface by flooding or small channels 
(i.e., basins, borders, paddies, furrows, rills, corrugations)
2. Sprinkler: water is applied at the point of use by a system of nozzles (impact and gear 
driven sprinkler or spray heads) with water delivered to the sprinkler heads by surface and 
buried pipelines, or by both. 
3. “Micro” irrigation: water is applied to the point of use through low pressure, low 
volume discharge devices (i.e., drip emitters, line source emitters, micro spray and 
sprinkler heads, gravity and low-pressure bubblers) supplied by small diameter surface or 
buried pipelines.
4. Subirrigation: water is made available to the crop root system by upward capillary flow 
through the soil profile from a controlled water table. 

Each irrigation method and irrigation system has specific site applicability, capability, and 
limitations.

Agriculture – irrigation methods



in the past: use of sprinkler irrigation and/or 
flooding → disadvantage: loss of water via 
evaporation – water not entering plant roots 
(and partially also due to surface runoff or 
percolation to deeper soil layers)
general trend: recent increase of localized 
irrigation →

Agriculture – irrigation (more localized water delivery)



no external force (pressure) involved in 
water transport → relying solely on 
gravity

Agriculture – irrigation methods

figures: Waller and Yitayew, 2016. Irrigation and Drainage Engineering. Springer



piped systems →water is transported 
by applied pressure (usually 2 – 3 bars)
linear (bellow) or center pivot (right) 

architecture 

Agriculture – irrigation methods

figures: Waller and Yitayew, 2016. Irrigation and Drainage Engineering. Springer



drip irrigation → in arid climates (reduces evaporation/runoff as much as possible), 
water is applied either on the surface or from bellow

Agriculture – irrigation methods

figures: Waller and Yitayew, 2016. Irrigation and Drainage Engineering. Springer



Water use in agriculture – irrigation 

Although quantitative aspect of water is often stressed, its quality is important as well
Chemical composition: low concentration of sodium salts and potentially toxic elements
Biological aspects: irrigation water can be source of plant pathogens
Plant pathogens detected in irrigation water resources include species of Phytophthora, 
Pythium, bacteria, viruses, plant parasitic nematodes, and various genera of fungi







Crops for human food / feed for livestock, biofuel



Global meat production:





agriculture as a share of total GDP → 
(2014)



Growth of the area used for agriculture and the increase in crop yield from 2013/2015 to 2025 (left)
Share of agricultural area in 2025 (right)
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