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Importance of irrigation

When and how much to irrigate

Sprinkler irrigation

Drip irrigation

Selection criteria for choosing an irrigation system
Soil moister monitoring

Plant-based indicators

Irrigation hydraulic principles ( Pump and Filtration
Requirements,Installation, Operation, troubleshooting)
. Winter season

0. Irrigation of Apple
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Climate

Sun « Rain » Wind + Humidity - Temperature &

Irrigation EEGSe v Data
Efficient water delivery 3 ) - / /

Real-time monitoring
right to the root zone

insights & decisions

Crop

FIELD OVERVIEW WEATHER
Healthy growth

maximum yield § [ [ 2 . 28°C
O 65%
=  18kmh

® 24mm

SOIL MOISTURE TEMPERATURE CROP HEALTH

K" 28% & 26.3°C J Excellent l

uﬂﬂLﬂlli

FIELD DASHBOARD

WATER USAGE

18.7 oy
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Profit incley

YIELD POTENTIAL
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TATUS
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Microbiology + pH -
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IRRIGATION DECISIONS POWERED BY DATA
g

System type * Rainfall * Soil type e Crop type e Sensors & loT
* Flow & pressure * Temperature * Soil moisture * Growth stage » Field observations
» Application uniformity » Humidity * Infiltration rate » Root development » Historical data
« Irrigation history * Wind speed » Water holding capacity * Crop coefficient (K¢) * Analytics & models

Solar radiation (ET,) Root zone depth Yield potential

Real-time insights

4 €z Bodem&Groen i#3

1 healthy soil « strong roots « sustainable growth
- B
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CLIMATE
E 1l t
- remperature
Average temperature per month (°C) . 1.~ Warmest summer months “ D .
', ﬂ Highest temperatures occur | g — __l
b . | —
in July and August. S =
Temperature (°C) £ = 4
30 [ o x o
5 : 26 26
- Average maximum temperature 23°
—— Average minimum temperature
20
10 |
o -1° -1°
-2
0 —o— ¥ -5° -4° B
° -10° -9°
-11
-10 '
\ * ~ Coldest winter months
-20 | ﬁ Lowest temperatures occur
in January and February.
-30
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year average . ‘ . Warmest period * Coldest period
lll ~ 9 °C [y July - August January - February

Values are monthly averages with estimated variation. Source: based on reference climate data.
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CLIMATE
8, Precipitation
Average precipitation per month (mm) ‘ : " '
/ - /
Wetter summer months a
Most precipitation falls in June and July.
Precipitation (mm)
200 )
150
100
50
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest winter months Annual average ' Most precipitation | Y
Less precipitation in Jan, Feb and Oct. O

\ 6
= 59 June—July T
~ mm | (105-110 mm) ‘

6 Values are averages with estimated variation/error bars. Source: based on reference data.
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CLIMATE
=’ Wind
— I n meteoblue
’ , y 4
Average wind speed per month (km/h) i e I
J ’
— i
> &
Wind speed (km/h)
30
25
20
10
5
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-2 Strongest winds in winter 59 Lightest winds in summer | = Year average
- Dec — Mar: Higher average wind speeds. —) Jun — Aug: Lower average wind speeds. —o | ~ 1 6 km/h

Shaded area shows typical variation (e.g., between lower and upper percentiles). Source: Based on reference data.
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E To = REFERENCE EVAPOTRANSPIRATION

® How much water is lost from a well-watered reference crop and soil surface ® ——

ETo = ATMOSPHERIC WATER DEMAND

How strongly the weather pulls water
from the crop system.

humid air lowers it.

Evaporation |9 a0 b / s 'fél Transplratlon : B4 4
7% from the soil b / o Tl e \(lY from crop Ieaves Y| X\,
{ > = % .'; " ’., i;, ‘\l x“l.\ ~ ) - " - \“ ‘
MAIN WEATHER FACTORS AFFECTING ETo -£ ' ] i
TEMPERATURE SOLAR RADIATION WIND SPEED HUMIDITY
Warmer weather More sunlight Wind removes i - Dry air increases ETo;
increases ETo. increases water loss. moist air and id ai i

increases ETo.

Vi
\.

About 4 liters of water
per square meter per day.

6 TYPICAL UNIT ‘

‘ ' ETo is usually expressed in
;
by Bodem&Groen
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CLIMATE
ETo from daily air temperature, humidity, wind speed, and solar radiation.

Réference standard (" simplified fallback
Measured weather data Temperature data only
* Ajr temperature * Min & max temperature
* Ajr humidity

* Extraterrestrial radiation
Wind speed Ra — from latitude & day

Solar radiation No extra sensors needed

- -

9¢ce Aa W& Of AYI S FAO-56 Penman-Monteith

Hargreaves equation

"demand" side of the irrigation . Combination energy balance . . Temperature-based estimate
equation, and how you calculate | |

it depends on what your ET, (mm)/day) ET, (mm/day)
Weather station aCtua"y . Mast accurate | . Workable approximation |
measures. ' ' ' '

Both estimate the same reference ET,

PeanizoBaHo: GFAIAv rlrlr OnepauiiHi napTHepu YKpaiHa:
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CLIMATE

ETo from daily air temperature, humidity, wind speed, and solar radiation.

FAQ-56 Penman-Monteith Hargreaves
ETe = [0.408-A-R, + ETe = 8.8023" (Tpean+17.8) v (Tpax-Tmin) - Ra
v (908/(T+273) ) -uz-(eg-e;)] / [& +
ve (148,34 uz) ] Tmean +17.8 39.3
4 (vapour-pressure slope) 0.157 kPa/°C R ( tion)
as evaporation 16.4 d

v (psychrometric) 0.065 kPa/°C 4 P mm/
R, (net radiation) 14.7 MJ/m?/d 0.0023 x 39.3 x 3.61 x 16.4 _—
e; - e, (vapour deficit) 1.21kPa

ET, 5.4 mm/day
ET, 5.3 mm/day

penman-onteien (N 53 mmjd
e O gt

Scale 0-6 mm/day - difference = 0.1 mm/day (-2%) on this calm, moderately humid day
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SOIL

Soll water holding capacity

Loam Silt loam
4
Sandy loam

Sand « % SAND

T . USDA texture classes
Soil Moisture & Irrigation

SAND SILT CLAY
® [ 3
o NRCIM
8% ”
sie oo Ry
. -’ '. ’. M
“« Yol1 ol

0.05-2 - drains fast 0.002-0.05 mm - holds water <0.002 mm - holds tight

w Particle size decides pore sizeand pore size decides how water
moves and is held.
w{lFyRY fIFNBS L2NBa h RN}XAya Fladzs t2¢
w/ treyYy GAye LBR2NBa h K2fRa (AIKGEex af
roots.
w Loam / silt loam: the balance large usable reservoir.
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SOIL

Texture sets the rules

SILT CLAY
e® o

A L 2

0.05-2 m - drains fast  0.002-0.05 mm - holds water <0.002 mm - holds tight

‘. Loam  Silt loam w Particle size decides pore sizeand pore size decides how water
el NI moves and is held.
’ w{lFyRY fFNBS L2NBa h RN}XAya FlLadz 2¢
USDA texture classes w/ tlleY UAYye LIEZ2NHBa b K2fRa UtUAIKUfteZX af
from roots.

w Loam / silt loam: the balance large usable reservoir.

Soil Moisture & Irrigation

OnepauiiHi napTHepu YKpaiHa:
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SOIL
How soll holds 2 and releases ? water
( Plant -available water \
SATURATED  FIELD CAPACITY WILTING POINT ' “O0FASER OFLIOAGEL b ‘o

w Above field capacity, gravity drains water away
within a day or two.

w Below wilting point, water is held so tightly roots
cannot extract it.

w The band between is the reservoir you manage
with irrigation.

pF O - all pores full pF 2.0 - gravity drained pF 4.2 - roots can't pull

From saturated, to drained (field capacity), to wilting

Soil Moisture & Irrigation
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SOIL

Available water differs by soil type

[ Held below wilting point (unavailable) o Silt & loam win
I Plant-available water (AWC)

N
o

14% w Largest plantawvailable reservoir per
metre of soil.

w
o
1

® Sand = small store

N
o
!

w Little & often: small doses, short
intervals, watch leaching.

Volumetric water at field capacity (%)
|—I
o

@ Clay can mislead

o

Sand Sandy Loam Silt Clay Clay _ )
loam loam loam w High total water, but much is locked

below wilting point.

Soil Moisture & Irrigation
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SOIL

How fast water enters the soill

° ] e o_0o 0
e Sand (basic = 30 mm/h) gANd CLAY,
. 1

== | 0am (basic = 12 mm/h) Y

= 40 A = Clay (basic = 3 mm/h) runoff

£

E 30 1

(V]

]

2

g 20 _\

S

(1]

=

€ 10-

= \ fast, deep infiltration slow — ponds & runs off

O T T T T T 1
0 20 40 60 80 100 120

Match rate to intake. If you apply faster
than the soil absorbs, water ponds and
Soil Moisture & Irrigation runs offt the clay trap. Keep application
rate at or below the basic infiltration rate.

Time since water applied (min)
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[he pF Curve
- - - - - 7
Soil & substrate water retention and irrigation
s A 6 10 cm
~ N s ~ UNAVAILABLE =
.D & E I I g g C s E WATER (hygroscopic) g
. . . ©
the suctiont in cm water columrt a root must beat > v
to pull water out of the pores < &
P R e 15000 cm =
. J o 4 £
=] 2
I - | PLANT-AVAIL r=)
) FIELD CAPACITH 2.0 - 100 cm - ~10 kPa L3 LWATER NN Hoovem
After gravity drainage the wettest useful state - §
2 ) 100cm V¥
Y
WILTING POINPF 4.2 - 15000 cm - 15 bar s
' 1] GRAVITATIONAL 10 em
Roots can no longer extract water plant wilts WATER (drains)
, . ¢ , 0 . T T T - 1cm
. PLANJAVAILABLE WATERG6 C/ 0 b otz2to 0 10 20 30 10 50
The reservoir you actually irrigate to refill Volumetric water content 6 (%)
The pF Curve- soil & substrate water retention The characteristic curve: water content falls as suction (pF) rises
; . . OnepauiiHi napTHepu YkpaiHa:
ImpI:riZgltis::avz:: gjf;ﬁ'féﬁi fw!e:cn!u.t S||de16 Operative Partner Ukraine:
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Irrigation in fruit growing

SOIL

Sand Sandy loam Loam Clay Peat [ substrate
I I le p I C u rve wytjr;:(?pgi_ng(_pff_zz____________________________________________f"_“f“i“_"f‘f"_’_
s
Soil & substrate water retention and irrigation Drought stress
< < . < ':?i Readily available
b & E | | CCGC S E %  mweswena >
the suctiont in cm water columm a root must - i
1 Too wet
Py FIELD CAPACITpF 2.0 - 100 cm - ~10 kPa
After gravity drainage the wettest useful state 0 - . - . - |
0 10 20 30 40 50 &0 70 80 20
Volumetric water content 8 (vol %)
Py WILTING POINTpF 4.2 - 15000 cm - 15 bar Wet
Roots can no longer extract water plant wilts S S T e
6vol% pF 4.60 0=
@ PLANTAVAILABLEWATERG6C/ 0 b ‘6t2t 0 o
The reservoir you actually irrigate to refill
The pF Curve- soil & substrate water retention
; . . OnepauiiHi napTHepu YkpaiHa:
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SOIL

Putting the pF curve to work In irrigation

51 Read it in the field
Wilting poknt pF 4.2 — never reach here A tensiometer measures suction directly
0 N T the live pF of the rootzone.

Trigger irrigation at a set tension; the
curve converts it to a water deficit.

Re\jll point — START irrigation
pF - ~30 kPa tension

3 .
L
o
2 Typical startirrigation thresholds
Target after irrigation System / crop Refill at
1 = Field capacity (pF 2.0 - ~10 kPa)
Sandy field soil pF 2.3 - ~20 kPa
0 Loam / clay loam pF 2.52.7 - 3@50 kPa
0 10 Watefgontent e (o/“:’? 40 Blueberry in coco substrate pF 1.22.0 - 510 kPa
Irrigate within a band: refill before stress, target field capacity Rose / pot crop (substrate) pF 1.82.1 - €12 kPa

The pF Curve: soil & substrate water retention
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SOIL

How roots draw on the reservolr

Roots draw most water fro

Soil Moisture & Irrigation

he upper zone

40%

30%

20%

10%

The 40-30-20-10 rule

Top Ya 40%

2nd Ya 30%

3rd VYa 20%

w Most water comes from the upper
root zone.

w Rooting depthx available water =
the usable store.

w Deeper roots = larger buffer
between irrigations.

w Keep the active zone in the easy
ranget don't push to wilting.

PeanizoBaHo: GFA,AV rlrl}
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Bottom Va . 10%
0O 10 20 30 40
Share of water roots extract
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IRRIGATION

Importance of irrigation

WHY IRRIGATION MATTERS

Supports steady Improves yield Reduces Increases
crop growth and quality drought stress water-use efficiency

by Bodem&Groen -
L —_—— = — = S - My
Implementiert von: e o e A SliaeZu Operative Partner Ukraine: W :;.fp "2
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IRRIGATION

Importance of irrigation

Apple orchards Cabbage

by Bodem&Groen

. — = R — — = — — R —————— — —
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IRRIGATION

Importance of irrigation

Drip

Soil texture and rooting depth

@ Crop value and spacing

@ precise, water-efficient, useful in good for crop low<cast opbion'on
ideal for apple orchards apple orchards, establishment and ;
and vegetables larger wetted area cooling in vegetables SaEC el ks Topography and field layout

\i: P,

BEST PRACTICES

Energy supply and filtration

‘ | | ¢ ;
B9 O Yo |
4 ) Maintain filters . Use fertigation
Match the system Irrigate according and flush lines Monitor pressure carefully and
to crop and soil to crop demand regularly and uniformity efficiently




@ HaBuanbHi Moayni DUALOG Irrigation in fruit growing MOAYNb el

IRRIGATION

When and how much to irrigate

WHEN
—————————————— Field €apa€ity- - - ‘

[
o
o

w At the refill pointt the Management
Allowed Depletion (often ~50% of
available water).

o
o
1

Soil water (% of available)

60 1
—————————————— Refill-peint HMAD)
~No pe @ HOW MUCH
40- irrigation _
refills w Enough to refill the root zone back to
20 - field capacity.
O e Wilting point__
0 10 20 30 40 50 @ NET DEPTH
Days i . L
wfF | g At xBADSroa deptts NJ
adjusted for system efficiency.
Soil Moisture & Irrigation
e GEAMY - vl Slide23 e ratvs s ot
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Transpiration

EVAPORATION TRANSPIRATION Sunlight

Plant water uptake

5 + (® Unused water

® evaporates from
the leaf surface

@) The stem draws
the water up

2
® . ®
o~ e » o () Roots absorb
® o ' ° water from
o * - the soil

: ~t
PeanizosaHo: GFAIAV IP . B e T sttt " Y S
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IRRIGATION

Sprinkler Overhead

PeanizoBaHo: GFAIAV ('l('"' OnepauiiHi napTHepu YKpaiHa:
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Sprinkler irrigation

Irrigation in fruit growing

MOAYNb el

SPRINKLER

Wets a broad area like rainfall, from overhead nozzles under
pressure.

@ Strengths

w Even coverage over whole field
w Good for closehgpaced crops
w Can cool / frosprotect

@ Watchouts

w Wind & evaporation losses
Wets a broad area like rainfall — even coverage, some loss to wind & evaporation

w2Sid F2ftAF3S ™ RAASIE &S
w Keep rate below clay's intake
Soil Moisture & Irrigation

PeanizoBaHo: GFAIAV rlrl}
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IRRIGATION

Under -tree Sprinkler

PeanizoBaHo: GFAIAv rl P OnepauiiHi napTHepu YKpaiHa:
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IRRIGATION

Micro -Sprinkler

PeaniszogaHo: GFAIAV rlrlr S||de28 OnepauiiHi napTHepu YkpaiHa: - b
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Drip Irrigation

DRIP

SAND LOAM

CLAY

deep & narrow balanced bulb wide & shallow

Wetting bulb shape depends on soil type
Water delivered drop-by-drop to the root zone — wetted bulbs, minimal loss

w{lFYRY RSSLE yINNRg o0dzZ 6 I aLI OS S

w/ flreyY ¢gARSY aKltft2¢ odZ o6 M SYAGGS

Best for high-value, row & substrate crops, saline water and uneven @t AY LIZAYyld RSt AGSNE TIb-réws FekssligeaseST T A O
terrain. Soil Moisture & Irrigation

PeanisoBaHo: GFAGIﬁpV r.rl}
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IRRIGATION

Surface Drip

Surfacedrip lines are placedon the soil surfaceor suspendedl0 to 30 cm

aboveit alongeachtree row. Two configurationsare common a singlelateral

per tree row, sometimeswith two emitters per tree, or a double lateral

arrangement(one on eachside of the trunk) used principallyin young high-

density plantings Emitter spacingis typically 0.3 to 0.75 m alongthe lateral;

pressurecompensatingemitters are preferred to maintain uniform discharge
overthe lengthof the row andon slopingground

Surfacedrip systemsare inexpensiveto install (typically 2,500 to 4,000
USD/hafor materialsin 2023 Ukrainian conditions), simple to inspect and

maintain, and easyto retrofit. The disadvantagesre exposureof lateralsto

mechanicaldamage (from cultivation, mowing, and wildlife Tt particularly
haresin winter), exposureto UV degradation(rated working lives of modern
surfacedrip linesare 7 to 12 years),and concentrationof root systemsnear
the surface which canincreasefrost susceptibility
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IRRIGATION

Subsurface Drip

Subsurface drip irrigation (SDI) places drip laterals 15 to 30
cm below the soil surface. Modern SDI laterals incorporate
emitters with antisiphon membranes that prevent root
intrusion and solil ingress. The advantages are reduced
evaporation from the soil surface, complete protection

from mechanical damage and UV, and the absence of any
surface obstruction to cultivation and harvest operations.
Some authors report water savings of 10 to 20 percent
compared with surface drip in apple, though the evidence
under Ukrainian conditions is limited.

The principal drawbacks of SDI in apple are difficulty of
inspection (problems are detected only by their effects on the
trees), the need for very careful filtration to prevent emitter
clogging that cannot be cleared by surface flushing, and
substantially higher installation coSpecialisedools are
required to install laterals at uniform depth, and root
intrusion remains a lorterm risk in some installations. SDI is
increasingly used in new higlalue Ukrainian apple plantings
where soil cultivation continues throughout the orchard life,
and where surface drip would be repeatedly damaged.
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IRRIGATION Selection criteria

Thechoiceof irrigation systemfor an orchardshouldrest on a careful evaluationof the following factors, in approximateorder of
Importance

1 Water sourceand water quality. Drip systemsrequire well-filtered water (typically below 100 NTUturbidity and free of large
suspendedsolids) microsprinklerscanacceptlower-quality water; surfacesystemsare tolerant of nearlyanyquality.

Capitalavailability and paybackexpectations DnP systemshave the highest capital cost (typically 3,500 to 6,000 USD/hain
Ukrainefor fully installedsystemsncludingpump, filter, andfertigation), but the Iowestoperatmgcostper unit of fruit produced
Soiltexture and depth. Sandysoilsfavour microsprinklerswhichproducea largerwetted volumethan drip; claysoilsfavourdrip;
shallowsoilsneedfrequentlow-volumeapplicationthat drip providesnaturally.

Topographyand orchard layout. Steepor irregular sites favour pressurecompensatingdrip; large uniform blocksmay permit
surfacesystems

Cropvalueand managemenintensity. High-density,high-value plantingsof premium varietiesjustify drip; lower-valueorchards
maybe better servedby lessexpensivesystems

Energysupplyand reliability. Pressurisegystemsrequire reliable electricalsupplyor robust dieselbackup surfacesystemsdo
not.

= =_ =2 -4 =2

{1 Frostprotection requirement Where late springfrosts are frequent and the variety is sensitive,an overheadsprinkler system
maybe justifiedt usuallyasacomplementto a primarydrip or microsprinklerinstallation

{1 Availablelabour and technicalskill Drip and microsprinklersystemsre_cwire trained operatorsable to monitor pressuresflush
filters, anddetectemitter problems surfacesystemscanbe operatedwith lesstechnicalpreparation
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IRRIGATION

Selection criteria

e

50¢70 500¢1,500 None Difficult No

60¢75 700¢1,800 Low Difficult No

Overhead 60¢75 3,000;5,000 High Possible Excellent

sprinkler

Undertree 70¢80 2,500z4,000 Medium Good Limited

sprinkler

Microsprinkler 80¢c88 2,800:4,500 Medium Excellent Limited

Surface drip 88¢95 3,500;5,500 LowcMedium Excellent No

Subsurface drip 90¢95 4,50Q;7,000 LowcMedium Excellent No
oo GEAB— evell Slide33 e paaive Parmer Uesine
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IRRIGATION

Scheduling ?

WHENo irrigate,and HOWMUCH

Irrigation schedulinganswerstwo questions WHENto irrigate, and HOWMUCHwater to apply.
Threefamilies of approachare in routine usein Ukrainianvegetableproduction soikmoisture-
based (tensiometers and electronic sensors), plant-based (visual observation, canopy
temperature), and ETebased (daily water balance from weather data) The most reliable

schedulexombineelementsof all three.

OnepauinHi napTHepu YKpaiHa:
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CHOOSING AN

IRRIGATION SYSTEM
FOR AN ORCHARD

Key factors to evaluate, in approximate order of importance

a 1. Water source and water quality

The first decision factor. Drip systems
require well-filtered water, typically
below 100 NTU turbidity and free of
large suspended solids. Microsprinklers
can handle lower-quality water.
Surface systems tolerate nearly

any water quality.

e 4. Topography and orchard layout

Steep or irregular sites favor
pressure-compensating drip.
Large uniform orchard blocks
may allow surface systems.

) @ Best for filtered water

° High capital cost

° Precise, efficient, frequent irrigation
0 Excellent for high-value orchards

e 2. Capital availability and payback
Drip has the highest capital cost,
but the lowest operating cost per
unit of fruit produced. Typical fully
installed drip cost in Ukraine:
3,500-6,000 USD/ha, including
pump, filter, and fertigation.

a

e 5. Crop value and management intensity

High-density, high-value orchards
with premium varieties usually
justify drip irrigation. Lower-value
orchards may be better served by
less expensive systems.

° Tolerates lower water quality
0 Larger wetted volume
° Good for sandy soils

MICROSPRINKLER

bl S PECENSUOSTS e

{ 9 3. Soil texture and depth

Sandy soils often favor
microsprinklers because they wet
a larger soil volume. Clay soils
often favor drip. Shallow soils need
frequent low-volume application,
which drip provides naturally.

6 6. Energy supply and reliability

Pressurized systems need reliable
electricity or strong diesel backup.
Surface systems do not require
pressurized energy supply.

0 Lowest technology requirement
Q Tolerates poor water quality

° Needs suitable layout
and conditions

‘lﬂ by Bodem&Groen

© Water

‘? Soil A Topogreaphy @ Economics &

Management Smart irrigation. Thriving orchards. Sustainable future.
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IRRIGATION

Scheduling y ...

Scheduling is the process of deciding when to irrigate ; 1
and how much water to apply. It is the single most / Is soil tension > 40-60 kPa

. . .o . ! or depletion > 50% of PAW? 1
important determinant of irrigation performance ff No Yes
far more important than the choice of hardware. /

- - M !
Even the most expensive drip system delivers pooZ{ .2?"' rigation

results if it is operated by guesswork; conversely, k in 24-48 h
modestmicrosprinklerinstallation operated to a
well-designed schedule will produce excellent fruit
yields and quality.

Rain forecast
= 10 mm in next 24 h?

Yes

Modern schedulingpractice combinesthree broad
approaches monitoring soil moisture directly, \
measuringplant water status, and calculatingwater \
demand from weather data The most reliable \
schedulesuse at least two of the three, with the \‘
othersservingascrosschecks Thischapterdescribes \
each method in turn and concludes with the Re
integrateddecisionprocessusedin practice
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MONITORING

Soll moister monitoring

Manuel

Direct measurementof soil moisture is the most intuitive approach
to schedulingandformsthe basisof mostoperationalsystemsThree
families of methods are in routine commercialuse tensionbased
methods(tensiometersand matric-potential sensors)water-content
methods (capacitance,time-domain reflectometry, and neutron
probe), and the laboratory standard, gravimetric sampling Each
measuresa different physicalproperty andhasits appropriaterole.
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M;)NITORING .
. n n N \sea"mm
Soll moister monitoring

Te nsi o m ete r - 30 - 60: Optimal range — schedule Irrigati

| 60 - BO: Mild stress — Irrigate now

- 0 - 10: Saturated | waterlogged

A tensiometer is a sealed watéiled tube with a porous ceramic tip at the bottom and a vacuum gauge or
pressure transducer at the top. As the surrounding soil dries, water is drawn out of the tube through the

ceramic tip, creating a partial vacuum that registers on the gauge. The reading expresses the soil matric
potentialt the force with which water is held in the soil directly in centibarsap) or kilopascals (kPa).

Tensiometers are well suited to apple orchards on medium totiexéured soils. They

are inexpensive (typically 30 to 80 USD each), simple to install, and easy to read by
inspection. Their principal limitation is a working range of 0 to abouwtt8@ sandy soils
that dry rapidly past this point, tensiometers fail to track further drying. For most apple
irrigation purposeg where the goal is to maintain matric potential between 15 and 60
cbt this limitation is unimportant.

Standard practice in commercial orchards is to install pairs of tensiometers at 30 cm and 60 cm ]
depth at 4 to 8 representative locations per orchard block. Irrigation is triggered when the shallow
tensiometer (which dries first) reaches a target vatugypically 30cb on sandy loam, 46bon

loam, and 5&bon clay loam. The deep tensiometer is used to check that irrigation events have
been long enough to refill the entire root zone, and to detect ewvegation (deep tensiometer
permanently near @b). -
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MONITORING

Soll moister monitoring

Capacitancand TDRSensors

Capacitance sensors (also called frequet@yain reflectometry, FDR) and tirgl@main reflectometry (TDR) probes j
measure the dielectric constant of the soil, which is strongly correlated with volumetric water content. They report water
content as a percentage by volume and can produce continuous logged data at intervals of 15 minutes or less. Moder
probes integrate readings over multiple depths (typically 10, 20, 30, 50, 70, and 100 cm) on a single shatft.

Capacitanceand TDRsystemsprovide much richer information than tensiometers the continuousdata clearly show

the diurnal pattern of root water uptake, the depth of wetting after irrigation events, and the gradual depletion
between events Modern systemsinclude data telemetry by GSMor LoRaWANwith reaktime web dashboards
accessiblérom a smartphone Suchinstallationsare now standardin largerUkrainiancommercialorchards

The principal limitations are higher capital cost (typical rradfpth telemetric probes cost 800 to 1,500 USD per
installation), the need for segpecific calibration (factory calibrations may differ from field readings by 5 to 15 percent
volumetric water content on stony or organic soils), and dependence on a reliable power supply and data network. For §
most apple orchards, two to four telemetric probes per bloclone in each representative soil type and position
provide adequate spatial coverage.
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MONITORING

Plant -based indicators

Gravimetricanalysis

GRAVIMETRIC ANALYSIS

SAMPLE
PREPARATION PRECIPITATION FILTRATION DRYING WEIGHING

workybooks.com
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MONITORING

Plant -based indicators

StemWater Potential
o . &
beanisomamo: GFAIAV IP . OnepauiiHi naptHepu YkpaiHa: e
Implementiert von: Garmabemtrage SosEMLEH swljcng Sl|de41 Operative Partner Ukraine: s g




@ HaBuanbHi Moayni DUALOG Irrigation in fruit growing MOAYNb el

MONITORING

Plant -based indicators

LeafTemperature

Infrared thermometry of canopytemperature providesa rapid, non-contact
measure of stress Stressed leaves close their stomata, reducing
transpirational cooling and rising above air temperature The difference
betweencanopyand air temperature(Tch Ta)is the simpleststressindex the

crop water stressindex (CWS)J normalisesthis differenceto a 0¢1 scaleusing
upperandlower referencelines Appleis moderatelyconservativen stomatal
regulation clear stresssignalsrequire Tcb Ta of more than 3 °Cin normal

conditions

Handheld infrared thermometers make spot readings practical for in-field

diagnostics More sophisticatedinstallationsuse fixed infrared sensorsover
each block or 1 increasinglyt thermal imagery from unmanned aerial
vehicles(UAVs),which can map canopy temperature and identify stressed
zonesat the resolution of individual trees. Suchtechnologiesare entering
routine usein advancedJkrainianorchards

Direct measurementof stomatalconductancewith a leaf porometer provides
a more sensitivemeasureof stressthan canopytemperature but is too slow
for routine commercialuse It remains an important researchtool and is
occasionallysedin diagnostidrials.
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(RricaTion suprorRT TOOLS DECISION-SUPPORT TOOLS AND APPS

Several free or low-cost decision-support tools combine weather forecasts, crop coefficients,

and user inputs (planting date, soil type, irrigation system) to
recommend irrigation timing.

s i B f

WEATHER FORECAST W CROP COEFFICIENTS USER INPUTS

& - # e
 —
/ ,I',Ir/ o —

Rainfall, temperature,
humidity, wind, radiation )

Growth stage-based
crop water needs

Planting date, soil type,
irrigation system, etc.

= =
IRRIGATION
RECOMMENDATION

When and how much
to irrigate

EXAMPLES AVAILABLE IN UKRAINIAN INTERFACES

FAO AquaCrop CropWat
(BeskowToBHO) (Be3koWwToBHO)
4 AquaCrop

Food and Agriculture
Organization of the
United Nations

7 é CropWat

AquaCrop

@ain Mone Nporvos  Aoviaka @ain  Npaska  Podpaxynxw  fosiaxa

Kynerypa Kanycra 6inoronosa v Kynstypa Mopxsa o]
Llata sucapxw 15/04/2024 Nara nocisy 01/05/2024 m
Tun rpywTy Cyrnumox b Tun rpyHry Cepenniii cyrnuxok v
Cucrema apousennn Epaniiing ud Knimatuuma cranyin  Kuis v
PexomexgoBaKa Hopma 16 MM Metog FAO P i v
fara nonuey 3aeTpa

ETcrop 4.6 vm/penb
Bonoricts rpyHty
3 ITepsan nonuey 3 awi

10/04 12/04 14/04 16/04 18/04

Water productivity model for FAO tool for calculating crop water
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Netafim NetBeat
(MponpieTapHuii)

NETBEAT

By Netafim

CropWat 8.0 NetBeat 2

‘ PekomeHpgayii

AinsHxa Tomar TennuuHi
CooropHi 12 Tpaeus 2024

PexoMenaoBana Hopma

15.5 mm

Yac nonuey CooropHi Houi
Tpusanicto 2rop 10 x8
Bonoricts rpyHry

:_/\/'\_/'\

9/05 10/05 11/05 12/05

Real-time irrigation recommendations

based on field data and weather.

0 BukopucToByiiTE Ui IHCTPYMEHTU PazoM i3 AaHUMU 3 BalLMX NONIB ANA HaMKpaLLWX pe3ynbTaTis.

-
BETTER DECISIONS

=»

Higher yields
Water savings
Cost efficiency

Naandanjain DripWise
(MponpieTapHwit)

NAANDANJAIN
DripWise™
DripWise

PexoMeHaayin No 3pOoLeHHI0

Kynsrypa Unbyns

Rava 12/05/2024
PekoMeHaosaHa HOpMa 12 mm
Yac nonusy 3asTpa spaHui
ImMosipHicTs onapis 15%

Cran sonorocTi

/\/\/\

9/05 10/05 11/05 12/05

Smart irrigation scheduling
with local weather and sensors.

nar ST \‘

PekomeHpgauia no
3pOLIEHHIO

PexomeHQo8ana HOpMa
18 wu

Yac nonusy
3aseTpa spanui

Wimosipwicrs onagie

Bonoricts rpyuTy

MNMEPEBATU

ExoHoMis Boau
ToyHe 3poLWeHHs -
6e3 nepesutpar

Buwi Bpoxai
OnTtumaneHa Bonora
AN POCUH

EkoHoMis KowTiB

MeHwwe BUTpaT Ha BoAY,
eHeprito Ta fobpusa

YpaxyBaHHs norogu
AkTyanbHi NporHo3u
Ta pU3nKM onaais

3pyy4HO Ta AOCTYMHO
Be6-nnatdopmu Ta
MobinbHI goaaTku
YKpaiHCbKOK MOBOIO

O
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IRRIGATION SYSTEMS

System Desing and Installation
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