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4. Alin soil and water managementand irrigation

Soiland water m hasa number of newc Cl ch has madethe weather
more unpvedk‘tableand therefore, forecasting s hemmmgmredlﬁkuh Peviods with stormsand
high rainfall alternate with dry periods. More crep siress, caused by higher termperatures or by
excessive rain or floods, is to be expected. Heat resistant varieties are one of the eptions but

long tesm (longer th q g season) water management is another necessky.
During summers with high temperatures, floeding and the subrnergen:e of crops dunﬂglnn;a
periods can be detrimental. At the same time, and more
expected; the crops need morewater, either fed hyrmoriﬂgauon
Challenges from a crop growth perspective are i bt the role of the agri n
groundwater recharge and flood reduction ako needs tob imised a5 servier b
saciety,

Using Al we can combine real-time information from sensors, weather forecasts and crop sod
modeling. In addition, spatial infermation from drones and satellites is accessible. In this way,
climate adaptive management becarmes feasible by taking into consideration the temporal and
sp?ti-alvan'abililr of the scil and crop status in the field. it allows fast responses and reacts prosctivly
tolarecasts.

Finally, Al dectsion suppart should b iy onof realti feading d;

Into crop growth and soil water balance modets forthe most o ptimal decisions. In qenenl the m
level focusses on the farm and crop produdtivity, while the water resources require a regional
dirmension at the level afentire river basins and aguifers.

4.1. Water budgeting at local or regional level

4.1.1. Real-time crop stress identification and prevention

A whaole range b Things (laT). Small solar pands
and widespread internet coverage 6T has become feasible in the field, even at a distance from
!aumhousesand main power supplies, Although prices for the loT are affordable, the sensors

e andinad Alneeds tointegrate this continuous stream
ofinformation into a decision suppant syitem.

There i a lot of wradition and exparience with irrigation schedubing in many parts of Europe
especially in the South (e.q. Spain) (Garcia et al, 2020). Flanning irrigation applcations is mormaly
based on crop evapotranspiration [ET) estimations, rainfall measurements and soil water
accounting, ideally updnn-d hy soil warer senging and weather forecasting, Farmingtendsto sim at
the highest pplying e crop with rvore thanthe tetal
water requirement. Large efficiency gains are possible. One cause is that the application of water
has a degree of non-uniformity and, therefore, if the farmer wishes to give an adequate dose for the
entire field, the farmer needs to over-rrigate mest of the field, The higher the uniformity of an
irvigation system, the less over-irdgation is necded Crop waber productivity (i.e. the amaunt of yield
per volume of water riant. A shortage of o about 70% to 80%of the water

If: sloften rﬂjlﬁln ghest crop ¥ perunk of
water. However oolwln(lnq farmers to apply defict lerigation, or less than 100%, remains an
impartant challenge (Alcon et al, 2014),

The water for plant growth is taken up by the roots. The consequence is that the entire root 2one
needs to be considered and not just the lop few :Mnmenes Also, megrnwth SLagE i veny
important. For example, pears in Belgi depending on the growih sage
{Janssens etal, 2011).
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tation: 1 the internet is now

H sy ekl i idlity by stinternet-canneded

Ecorie Iie. neavicled the semioni D and located. Howewer,
evapotrrspiration (ET) by the Maneithmathod

D!vpci wmd spﬂd and radiation data, Low-cost sensors lur the Im o variables hmnd angd

rellable, calibr cross-ch nety

hlgl\-qua"ty more costly stations or even rlvmmh stations and advisory services. An Akbased
management maedel should have proper d: il il o law cost
metearolegical stationsand combine themwith higher uuah?onrs.

Soil watér aceounting madels with rainfall and eiti ' alveady
been used for some time. Adding Al can combine more muu.esm‘ infermation, and check and
update it by using realtime soilwater sensing.One particular chalienge is the variability of the fickd
in space and depth. Such sensors mlob:plamdm =mralnla=rsm the field at a minimum of twe
to, preferably, three depths, Therefore, a l owld be preferred mone
than a low number of expensive but more auwnu' sensors, The 3D variability within the fiek can
b capturedin this way.

h agrlcuttur& soil water monitaring EEveuet al, 20 2:I by nval
Ty Mehiurinng Lerm per dturéwithin the e
smwma[:m ied out and allews tien.

Theslectrical conductivity-based sensorshave the lowest costand areeasy to monitor. Commaonly,

an guter oating poreus material is used argund inside electrodes, The water content inskie the

porous material is in equilibrium with the soil water, The electrical conductivity between the
wellte the soilwat 8 levelin the sl is not tes high.

Tensiameters provide some of the most useful m because they water
potential, whichiis directly refated to the ease of water mrw-onb; rulﬂi However, :ms-onwm
need continuaus attention, Now, theycan also be moni me and

can be i ified quickhy. extends the measurement rang e to -150kPa,

which is almast dwbbll»range ofthemanual equivalent.

Time Domain Reflectometry (TDR) and Freqnen(y Domain (FOR) sensorsare quite expensive for
egonomicagricuure. They use frhedielectricconstant of the
sail. Az the diskectric of water is miich Lirg & than the mineral or argan i fraction and the air, th g
a very preise method which, for most apphications does not require calibration. ideally, a sensor s
notimpacted by the salinity of the soll water; the higher the frequency. the less the impact.

The FOR cancontain the electronics inside the senserand the minimum cost is about 150 €, The TOR
waorks at a higher frequency and is not so affected; it can even be used to simultaneously measue
soll water content and electric ity Ui dy, TDX

multiplexing of the connection toa s pecfic TDII monitor, This makes it bess practical for Iirgeﬁekh
andis the most costly method,

It is important to stress thatremote sensing radar or microwave techniques only m easure a shakow
top layer of soil to about 1 e, and mest methods dependon modelling of the deeper layers.

Thie kyw cost amateur sersors forwse ing i thetoplayer and, in mostcases,
they do not measure the entire root zone. They are commionly Based on eledtrical condudtivity
measurements, as explained earlier In this text, As already mentioned earlier, the roots take up
water, 5o, th i o

Dependingon the reoting depth of the crop, this means that the deepest sensors need 1o messune
the water at 60 1090 £m below the surface.
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Manitering the above ground crop status by remote sensing has more recently been developed.
Stress can be deteced by thermal and multiorhypers pectral imaging. Althawgh these methods e
very useful for remote sensing and research, when water stress s detected, it Is often teo late for
irvigation scheduling. Remmote sensing by drones or by satelites {with regular pacsing intenak) s
useful, although NOVI methods still suffer from doudiness, they are most useful to follow the
biomass growth and detect differences in grewth within the field. Most irrigation managers agree
a trigger for irigationsched uing is often too late and notas
reliable. However, remate sensing is still useful. A regular follow-up of the spatial distribution of
biormass within a field is necessary information for precision crop management. [t is important to
.dennb' the reasons for differences in biomass production Although the harvest <an aflen 13
theharvest i per biomass)is

Fieeddl.

Methods following the turgorin cells and/or thesap flowin orcharnd trees arevery useful for researdy
but less soin the practice of commercial farming.

h'ngalmn s:htdulmg. alang with soill water ac\:uumngmmc entire -uu znnv: benefits hwn reak

tirmein s it 1. Als daaf:

romsuulmuzu ing the sch i cy. A combination of low-cost sersors
andth ial 30 root 2one monitoring. together with vegetati itoring, is needed.

A moreefficient and rational use for crop h bination of fli

soil water sensing in the root zone, remote crop biomass monl:onng and weather forecasting.
Irvigation scheduling requires a goad follow-up of thewater in the roat zoneof the crop All these
data sources should be integrated into the Al approach.

4.1.2. Water supply monitoring

Flow dana in irrigation pipes or canals can also be monitored in real-time By loT Because of sokr

paned powered internet connected sensars. This allows us to follow the quantity of water at any

place in the inigation systém by wirebess meand. Typically, fof pressunsed inigation there can be
ofleaks and quick response. The vob f watercan be

tothecr precisely and accid 1k avosded.

Hydraulic structures should be installed on canals. The water levels are menitared by pressune
transducersar by ultra-sonic sensors.). Thelatter s often preferred as it Is without contact with the
water, Currantly, they. I50 and easy tointeg manitar centinuoushy. In addition,
a5 costs have been reduced, extra sensors can be installed downstream of the hydraulic struduee,
o control possible backwater effects and prevent faulty interpretations. A hydraulic structune
ahways implies a (small kass in hydraulic head.

Similar passibilities xist for pipe: athep ridiop along a Venturi llows meniterng
of thedi ina pipe. Theum apoccursin the Venturi needs to be com pengated
by the pump, 10 obtain the required harge for the irrigati L

Propeller meters have traditionally been used fer monitoring volumes of water, This Is commeon
practice, especially for water accounting of flow through pipes. Nowadays, they are also availabke

The transit time of an acoustic sk two or paintsin the pipe is more expensive
Such a measurer by pr faraVenturior an orifi
insi pipe. Also, L t Pip

In & sienilar way, eithes velodty radar sensors of acoustic dopplers can be installed on irigation
canals without the nesd for hydraulic structures and without loss of hydraulic head. The velacity
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radar sensor has the advantage of being non-contact, which is a major advantage for flowwith a
high sedirent load.

While pressure transducers and ultra-sonic level sensors have become low cost (25 to S0€ for the
sensor and appraximately 100€ fior the internet link), the acoustic dopplers costat beast S000E for
one sensor. 50.for adense measurementnetworkon pipes and canals at different levels within an
irvigation system, the lower cost systems could be preferred. Precse and spatially detailed
information from the irdgation system can be integrated in the management of the entire system
using AL Any malfunction and/or kak can be quickly alerted, in order to save water Along with the
reaktime monitering of flowvabes and weirs, the irrigation systern can be operated by loT.

4.1.3. Reduction of water use by smart irrigation and smartmicro-irrigation

In Pany countries in Europe, a flexibl | mach g rain gun (Figure 4.1 isused. This
Is, however, a method requiringhigh pressure (energy costs are a linear function of the pressure for
equal application rate) and suffers high wind-drift losses. Rain guns can be equipped with a cobr-
panelled GFS, pressure and spray-angle control connected to remate contrnl over the intemet. As
anexample, th can be stopp Iy o1 remately if the wind becomes too strong.

Replacing the rain gun (Figure 4,1) by a spray boam (Figure 4.2} already allows for an important
water saving, espedally under windy conditions. In addition, the much lower pressure for a spay
boom Inplman impartant energy saving, The spray boorerhl(h irrigates much more uniformiy,

anddisch A spray boom is, however,
more e:rpenme (ompared l.oa rain gun. If water and energy savings are not percefved as being
impormant, farmers will not be eager 1o convert to the more efficient spray boom, which can ake
alllowr For diffs | and more precise frig; within a field. As mentioned before, the mone
unifarm ipmentis, th efficient it becomes.

Figure 4.1 Rain gun attached 10 a reel maching (not in the photo] Bowrce Guido Wyseure]

Even more saving can be realised by drip-ieriga tion. This sy stem supplies the rootzone directly and
avaids wind dnik lesses and sofl evaporation, Whilke a reel machine with a spray boom is highly
flexdble and d for different fields, a dripirrigation system ks a permanent installation and,
therefore, not as fedble. This poses more (hallenges for land :uhl\rancn and crop rolallon An
additionaladvantage is that a drip irrigation system canber ]
e measured nside the system, .ﬁs sud‘La hlghlevelofaumrnaunnu Dnssﬂe Inconjunction wﬂl
soil and water monitering. Dripi d allows for "fertigation”.
This means that a very precise, timely and mn effi(lent demmd for fertillser is possible with ks
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nutrient bosses to the underlying aquifer, Sensing the pH and the EC of the irigation water is
impartant for proper functioning.

AnAlsystem for mespraybnmnonhe-drvumgalmummmauen hewater supply and combinge
this with the soil water increases yand reduces excess water defivery, Ths
shouldimprove the management at the field, farm, and irrigation system level.

Figure 4.2 Spray boom attached to a reel machine (source Guido Wyseure)

4.1.4. Improving the efficiency of water use

Varlabdty in soil properties and soil profiles within fields implies that there is a spatiotemporal
varkability in soll water content and water stress experlenced by plants, This may mean that, under
a unifarm irfigation regime in a particular I‘-eld, the (rop waw useeﬁ‘c-enqr can bevew uahahle.

leading iform ¢ gand valume of i 1 A
be improved if there i5a better estimate ofthe forecast -rlﬂaunn needs indifferent field locations,
based on a combir alsensing of the crop. a5 wellas water loss dueto
evapotranspiration

A monitaring system that captures several plant, soil and weather parameters can feed enhanced
miodels for the dynamics ofwater use and water needs, These can be physics models enhanced by
Alwith data processing of allthy il bile data and their e poral, adwell ad dpatial, wanability. Sud
a system ensures that most local disturbances are incorporated for predictive acouracy, A nova
irrigation control strategy. based an a hybrid model of predictive contral can, after suitable fiekd
evaluation, resubtsin !npro\'cdwetuust nﬁinency and wmcr prodmwltyCBmmbdn etal, 2022L
Efforts have been madets include r hnolegy, thereby

depthinthe soil where waterlsdelnered.to havethebestunahe efficency (Liaoetal, 2021). Mudh
af the stress and hurdEn ofirrigation can be reduced an farmcrs andusers, In seme cases, farmers
can also remotely visuali or their culth L tosee the pe and
stite of their plant and soil conditions, aswell thestatu: ik phories
and computers (Abloyeet al. 2022). Reducing water consumption will have to consider the sol
lrarnbllltwnd the response nﬂhv: plants tomake a mare efficientuse of every applicd drop of water,
Plant-l dividual plants or plant m the ability to com mun ate
their needs in real time. AﬂulaILthe best-placed entity to answer the question "howmuch water &
oo much water” is the individual plant, communicating its needs. real time and determining when
it wishes to be watered, how much water it requires, and how much thirst it can take before
compromising the final expected yiekd (Owino & Soffler, 20220, Antificial intefigence combining
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plant and soil and weather datawith accurate, dy h hook anspecific seen arios
in th of the susilable water 55 wel 25 thy ians of yi and yied
tirming (Figure4.3), Efficient precision irrig atio upplies the water o each field or pan
ding to thegrowing ions, Inthe neat img
the irrigation management can be c:w«lcd frem the use of digital twins, This abo opms
precision “fertiga

Figure 4.3 The future of precision irrigation control, with cloud-based data storage and
processing, real-time communication between plant-based sensors, intelligent agents
(including robots), supported by weather data and market analytics. (Owino and Saffker,
2022}
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4.2. Management of aquifers and river catchments

Integrating the local managementat a regional scale s important in managing the water resounces
in aquifers and river catchments.

4.2.1. Monitoring water level in soils and rivers

Mast s pe ----\.-andaw' itoring, We do laborate this
det th nent of water chard member states, Several
existing water information systems allow real time access to data by the public including the
farmers, especially to river and canal leveds and discharges.

Real-time access 1o groundwater levels is less common and these levels change more slawly. But
more réal timé sensors connicted 1o the internet would alse be very useful for fellowing the
groundwater resirvesin real-time,

Theintegration of region al wates resource levels. of water resounces itc
Irvigation and drainage management opens up new possibilities for itelligent proactie
managementunder drought conditkons.

4,2.2. Information on phreatic water table for run-off management and
groundwater recharge
Some water managers blame the draining of agricubtural fields nnmany parts of Europe for water
[f

shortages. It is mpartant 16 ur d that mait agri o
kability and trafficabiliy duri o 1 and grazing, but not fer

summer conditions. Also, arky wil inery mi

the sail structure of very wet solL At msmume it wellund foraimast

allcrops (rice s d not i itiors, Crops with

shallow roots will suffer more severely during dry periods. Also, during the summes, the excess of
evapotranspiration over rainfall reduces the groundwater recharge to zero, regandless of whether
thereis a pipe or ditch drainage systemor not,

Figure 4.4 Level contralled drainage with higher water level and lower outflow, The
manhale on the collector drain is blocked (courtesy of

https2fwww boerennatuurbe/peilgestuurde-drainage- en-subimigatiel).

Shallaw phreaticwat 1pply by capillary action. Therefore, hevek
controlled drainage (Figure 4.4} lowers the water table when needed for workability/trafficabilty
and keeps water levels higher during the growingseasonin the summer. This is often done man ualy
by controlling the water levelin the manhole ofthe collector before dischargeinta the ditch,
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It is irnporant 1o slrenllra: levﬂ-mnlmiled atamage i only feasible in flat low lying areas with
st  ditches is sufficient and thene
i o mieed for the installation of tile drains. In medium testured soil with shallow phréeatic water,
drainpipes have added value. The fine textures, like heavy clay, have too low a conduct ivity for
effective drainage.

Measuring groundwater leels in a drainage system almns usto adjust lhe groundms lovel
autormatically in.adirmate adapti . IR £ s
o heveds in themanhobes, ok adapteddrainage s possible.

isein water ¥

Higher de g

rise can reach the bottomof the root zone.

Alternatively, forecasts nFltmyrancan be a signal 1o kower thelablenocder 10 ereate an exma

h-ul’fernlhemnl arer y L can
. Alcan firm i lewel managernent wi

for hcal oop grmh andregional water mana.pmem atthe same time.

4.2.3. Al based weather forecasts for drought or water excess.

Weather fi g has been imp: d by the use of sup d between
weather services. In general, predictions For the next 5 ta 7 da.y; are acourate, espedally for
1l gener b ditions. Howewver, the armourit of rainfallis still more difficul

o predict. Therefare, lncal weather statiens are still useful and should be integrated.

For agricultural drowght, it isimportant to stress that it is the storage of sollwater in the root zone
that matters.

4.3. Challenges for Alin soil and water applications

4.3.1. Macro-management of the water supply

The Al will allow the integration of séveral sources and a Lirge quantity of data to prosctividy and
quickly reaet to multipurpose managerment of the erop, alang with the conservation of water
resources. The online connection through the loT of a large and diverse sensornetwork is important
for soil warter balance medels that drive irrigation and drainage scheduling, It leads 1o the climate

adaptive control af phreatic water levels far i and p g h. At the sarme
time, thie wate: moni L ithin thibeel
water balance models. Data assimilation algarithms nredw update the models with the obsensed
wvariables, With a high Ber of sensars y by laT and with a very short
time interval, a wn:lnuuw ic data check and ton is essential. In addition, spatial
images of crop bk allites or drones can be integ Ideally, th ks can consiger

the status and forecasts of regional water resources, to preserve the quality and quantity of the
resources.

Caref, onal lying areas, by Al ed phreaticwates
leved cantral, shouldrepucethefomr il lirvlnwn[agrlc‘...... 1
4.3.2. When and how to irrigate
Mba;edmanagemmo!anulfelsanda!valer pply 4| Hrigath
Incarporate llows farmers to incr Fich

Variable irrigation within a single crop or fiekd must be achieved based on models for forecasting
water needs and data analysis from previous seasens. & major challenge here is the integration of
crop-soilwater models with realtime data-acquisition and weather forecasting, Capturing the
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itored | variability ofth il hi zoneis| tantfor managing
the water supply 1o the crops. Alo, providing irrigation appropriate to the growthstage of the aop
Is paramount,

In the fareseeable future, irigation decisions will be based on ever smaller sections of a field,
perhaps down o a single plant. In lhseopuabunuhe !Nd s:lecmandlhemu:de«hm:

patential af varietiesis.animps gproblems of water scardty
impact, ading P ity (mas Mldpcwnnvf
water) and minimal enviranr [ should beimph d This mear

cost water, up to the maxdmum productivity, but substantial incremental mlsfalwwllgm
With Al a lot of water can be saved by more precisely targeting the madmum water product ivity,
rather than the maximumyield, which indudes attention for the growth stage. Thelrrigation timing
and the use of water only when required can increase the water productivity and the crop yield
resulting in"maore crop per drop’,

4.3.3. Storing surface water for long dry spells

In pecent years, there has been theph f h Ins, alternatingwith long
dry and hot spells, This can be within a single year or it may be that wet and dry years alternate on
anirregular basis, Not all the excessive rain can percolate into the soll but should be captured in
reser Dieid the size and lo<ation of these can best be done based on all the
information about water storage capacity of the soils, the types of crops planted and the crop
rotation, as wellas the lung “termweather forecasts. Alcan be a usefultoolin preparing such plans.

Weather forecasts, i ion with waterlevelsin ing, can alleviate the risk of floods

and may alio offer opportunities Iodwrlwﬂlor ta-other rcgows where expected rainfall is kywer,

Such dynamic use of storage cap risks and al id miuch water going i

rmeullrltheslwrt termjwhile Ilnremajb!hslnr:aq! (inthe long term). The regional tepograpiny
insushmar

In addition, soil water levels can alio be dynamically ehanged thraugh drainage contral. This &
another component of dynamic water storage management, in combination with reservoirs and
basins. Artificialintelsgence is a useful tool for such management.
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