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C L I M A T E

Temperature
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C L I M A T E

Precipitation & Windspeed
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C L I M A T E

Precipitation & Windspeed
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C L I M A T E

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

ET₀ is the climate-driven 
"demand" side of the irrigation 
equation, and how you calculate 
it depends on what your 
weather station actually 
measures. 
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C L I M A T E

ETo from daily air temperature, humidity, wind speed, and solar radiation. 
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S O I L

Soil water holding capacity

USDA texture classes

• Particle size decides pore size — and pore size decides how water 

moves and is held.

• Sand: large pores → drains fast, low storage, high infiltration.

• Clay: tiny pores → holds tightly, slow intake, much water locked from 

roots.

• Loam / silt loam: the balance — large usable reservoir.
Soil Moisture & Irrigation
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S O I L

Texture sets the rules

USDA texture classes

• Particle size decides pore size — and pore size decides how water 

moves and is held.

• Sand: large pores → drains fast, low storage, high infiltration.

• Clay: tiny pores → holds tightly, slow intake, much water locked 

from roots.

• Loam / silt loam: the balance — large usable reservoir. 

Soil Moisture & Irrigation
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How soil holds — and releases — water

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

Plant-available water
= θ(field capacity) − θ(wilting point)

• Above field capacity, gravity drains water away 

within a day or two.

• Below wilting point, water is held so tightly roots 

cannot extract it.

• The band between is the reservoir you manage 

with irrigation.

Soil Moisture & Irrigation

S O I L
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Available water differs by soil type

Silt & loam win

• Largest plant-available reservoir per 

metre of soil.

Sand = small store

• Little & often: small doses, short 

intervals, watch leaching.

Clay can mislead

• High total water, but much is locked 

below wilting point.
Soil Moisture & Irrigation
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How fast water enters the soil

Match rate to intake.  If you apply faster 

than the soil absorbs, water ponds and 

runs off — the clay trap. Keep application 

rate at or below the basic infiltration rate.
Soil Moisture & Irrigation
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The pF Curve
Soil & substrate water retention — and irrigation

pF  =  log₁₀ |h|
the suction — in cm water column — a root must beat 
to pull water out of the pores

FIELD CAPACITY   pF 2.0  ·  100 cm  ·  ~10 kPa

After gravity drainage — the wettest useful state

WILTING POINT   pF 4.2  ·  15 000 cm  ·  15 bar

Roots can no longer extract water — plant wilts

PLANT-AVAILABLE WATER   θ(FC) − θ(PWP)

The reservoir you actually irrigate to refill

The characteristic curve: water content falls as suction (pF) risesThe pF Curve   ·   soil & substrate water retention

1 / 3
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Putting the pF curve to work in irrigation

Irrigate within a band: refill before stress, target field capacity

Read it in the field
A tensiometer measures suction directly 
— the live pF of the rootzone. 
Trigger irrigation at a set tension; the 
curve converts it to a water deficit.

Typical start-irrigation thresholds

System / crop Refill at

Sandy field soil pF 2.3 · ~20 kPa

Loam / clay loam pF 2.5–2.7 · 30–50 kPa

Blueberry in coco substrate pF 1.7–2.0 · 5–10 kPa

Rose / pot crop (substrate) pF 1.8–2.1 · 6–12 kPa
The pF Curve   ·   soil & substrate water retention
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How roots draw on the reservoir

• Most water comes from the upper 

root zone.

• Rooting depth × available water = 

the usable store.

• Deeper roots = larger buffer 

between irrigations.

• Keep the active zone in the easy 

range — don't push to wilting.

Soil Moisture & Irrigation
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I R R I G A T I O N

Importance of irrigation 
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I R R I G A T I O N

Importance of irrigation
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I R R I G A T I O N

Importance of irrigation
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I R R I G A T I O N

When and how much to irrigate
WHEN

• At the refill point — the Management 

Allowed Depletion (often ~50% of 
available water).

HOW MUCH

• Enough to refill the root zone back to 

field capacity.

NET DEPTH

• ≈ available water × MAD × root depth, 

adjusted for system efficiency.

Soil Moisture & Irrigation
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E V A P O R A T I O N  -  T R A N S P I R A T I O N

Plant water uptake
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I R R I G A T I O N

Sprinkler Overhead
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I R R I G A T I O N

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

Strengths

• Even coverage over whole field

• Good for closely-spaced crops
• Can cool / frost-protect

Watch-outs

• Wind & evaporation losses

• Wet foliage → disease risk
• Keep rate below clay's intake

Soil Moisture & Irrigation
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I R R I G A T I O N

Under-tree Sprinkler
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I R R I G A T I O N

Micro-Sprinkler
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I R R I G A T I O N

Drip irrigation

Best for  high-value, row & substrate crops, saline water and uneven 
terrain.

Wetting bulb shape depends on soil type

• Sand: deep, narrow bulb → space emitters closer.

• Clay: wide, shallow bulb → emitters can sit farther apart.

• Pinpoint delivery → highest efficiency, dry inter-rows, less disease.

Soil Moisture & Irrigation
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I R R I G A T I O N

Surface Drip
Surface drip lines are placed on the soil surface or suspended 10 to 30 cm 
above it along each tree row. Two configurations are common: a single lateral 
per tree row, sometimes with two emitters per tree, or a double lateral 
arrangement (one on each side of the trunk) used principally in young high-
density plantings. Emitter spacing is typically 0.3 to 0.75 m along the lateral; 
pressure-compensating emitters are preferred to maintain uniform discharge 
over the length of the row and on sloping ground.
Surface drip systems are inexpensive to install (typically 2,500 to 4,000 
USD/ha for materials in 2023 Ukrainian conditions), simple to inspect and 
maintain, and easy to retrofit. The disadvantages are exposure of laterals to 
mechanical damage (from cultivation, mowing, and wildlife — particularly 
hares in winter), exposure to UV degradation (rated working lives of modern 
surface drip lines are 7 to 12 years), and concentration of root systems near 
the surface, which can increase frost susceptibility.
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I R R I G A T I O N

Subsurface Drip
Subsurface drip irrigation (SDI) places drip laterals 15 to 30 
cm below the soil surface. Modern SDI laterals incorporate 
emitters with anti-siphon membranes that prevent root 
intrusion and soil 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 cost. Specialised tools are 
required to install laterals at uniform depth, and root 
intrusion remains a long-term risk in some installations. SDI is 
increasingly used in new high-value Ukrainian apple plantings 
where soil cultivation continues throughout the orchard life, 
and where surface drip would be repeatedly damaged.
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I R R I G A T I O N Selection criteria
The choice of irrigation system for an orchard should rest on a careful evaluation of the following factors, in approximate order of 
importance:

• Water source and water quality. Drip systems require well-filtered water (typically below 100 NTU turbidity and free of large 
suspended solids); microsprinklers can accept lower-quality water; surface systems are tolerant of nearly any quality.

• Capital availability and payback expectations. Drip systems have the highest capital cost (typically 3,500 to 6,000 USD/ha in 
Ukraine for fully installed systems including pump, filter, and fertigation), but the lowest operating cost per unit of fruit produced.

• Soil texture and depth. Sandy soils favour microsprinklers, which produce a larger wetted volume than drip; clay soils favour drip; 
shallow soils need frequent low-volume application that drip provides naturally.

• Topography and orchard layout. Steep or irregular sites favour pressure-compensating drip; large uniform blocks may permit 
surface systems.

• Crop value and management intensity. High-density, high-value plantings of premium varieties justify drip; lower-value orchards 
may be better served by less expensive systems.

• Energy supply and reliability. Pressurised systems require reliable electrical supply or robust diesel backup; surface systems do 
not.

• Frost protection requirement. Where late spring frosts are frequent and the variety is sensitive, an overhead sprinkler system 
may be justified — usually as a complement to a primary drip or microsprinkler installation.

• Available labour and technical skill. Drip and microsprinkler systems require trained operators able to monitor pressures, flush 
filters, and detect emitter problems; surface systems can be operated with less technical preparation.
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I R R I G A T I O N

Selection criteria
System Efficiency (%) Capital (USD/ha) Energy Fertigation Frost protection

Furrow 50–70 500–1,500 None Difficult No

Basin 60–75 700–1,800 Low Difficult No

Overhead 

sprinkler

60–75 3,000–5,000 High Possible Excellent

Under-tree 

sprinkler

70–80 2,500–4,000 Medium Good Limited

Microsprinkler 80–88 2,800–4,500 Medium Excellent Limited

Surface drip 88–95 3,500–5,500 Low–Medium Excellent No

Subsurface drip 90–95 4,500–7,000 Low–Medium Excellent No
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I R R I G A T I O N

Scheduling ?

Irrigation scheduling answers two questions: WHEN to irrigate, and HOW MUCH water to apply.

Three families of approach are in routine use in Ukrainian vegetable production: soil-moisture-

based (tensiometers and electronic sensors), plant-based (visual observation, canopy

temperature), and ETc-based (daily water balance from weather data). The most reliable

schedules combine elements of all three.

WHEN to irrigate, and HOW MUCH
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I R R I G A T I O N

Scheduling
Scheduling is the process of deciding when to irrigate 
and how much water to apply. It is the single most 
important determinant of irrigation performance — 
far more important than the choice of hardware. 
Even the most expensive drip system delivers poor 
results if it is operated by guesswork; conversely, a 
modest microsprinkler installation operated to a 
well-designed schedule will produce excellent fruit 
yields and quality.

Modern scheduling practice combines three broad 
approaches: monitoring soil moisture directly, 
measuring plant water status, and calculating water 
demand from weather data. The most reliable 
schedules use at least two of the three, with the 
others serving as cross-checks. This chapter describes 
each method in turn and concludes with the 
integrated decision process used in practice.
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M O N I T O R I N G

Soil moister monitoring

Soil moister manuel methode

Direct measurement of soil moisture is the most intuitive approach 
to scheduling and forms the basis of most operational systems. Three 
families of methods are in routine commercial use: tension-based 
methods (tensiometers and matric-potential sensors), water-content 
methods (capacitance, time-domain reflectometry, and neutron 
probe), and the laboratory standard, gravimetric sampling. Each 
measures a different physical property and has its appropriate role.

Manuel
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M O N I T O R I N G

Soil moister monitoring

A tensiometer is a sealed water-filled 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 
potential — the force with which water is held in the soil — directly in centibars (cb) or kilopascals (kPa).

Tensiometers are well suited to apple orchards on medium to fine-textured 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 about 80 cb; in sandy soils 
that dry rapidly past this point, tensiometers fail to track further drying. For most apple 
irrigation purposes — where the goal is to maintain matric potential between 15 and 60 
cb — 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 value — typically 30 cb on sandy loam, 40 cb on 
loam, and 50 cb on 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 over-irrigation (deep tensiometer 
permanently near 0 cb).

Tensiometer
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M O N I T O R I N G

Soil moister monitoring
Capacitance and TDR Sensors

Capacitance sensors (also called frequency-domain reflectometry, FDR) and time-domain reflectometry (TDR) probes 
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. Modern 
probes integrate readings over multiple depths (typically 10, 20, 30, 50, 70, and 100 cm) on a single shaft.

Capacitance and TDR systems provide much richer information than tensiometers: the continuous data clearly show 
the diurnal pattern of root water uptake, the depth of wetting after irrigation events, and the gradual depletion 
between events. Modern systems include data telemetry by GSM or LoRaWAN, with real-time web dashboards 
accessible from a smartphone. Such installations are now standard in larger Ukrainian commercial orchards.
The principal limitations are higher capital cost (typical multi-depth telemetric probes cost 800 to 1,500 USD per 
installation), the need for soil-specific 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 block — one in each representative soil type and position — 
provide adequate spatial coverage.
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M O N I T O R I N G

Plant-based indicators
Gravimetric analysis
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M O N I T O R I N G

Plant-based indicators
Stem Water Potential
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M O N I T O R I N G

Plant-based indicators
Leaf Temperature
Infrared thermometry of canopy temperature provides a rapid, non-contact 
measure of stress. Stressed leaves close their stomata, reducing 
transpirational cooling and rising above air temperature. The difference 
between canopy and air temperature (Tc − Ta) is the simplest stress index; the 
crop water stress index (CWSI) normalises this difference to a 0–1 scale using 
upper and lower reference lines. Apple is moderately conservative in stomatal 
regulation; clear stress signals require Tc − Ta of more than 3 °C in normal 
conditions.
Hand-held infrared thermometers make spot readings practical for in-field 
diagnostics. More sophisticated installations use fixed infrared sensors over 
each block or — increasingly — thermal imagery from unmanned aerial 
vehicles (UAVs), which can map canopy temperature and identify stressed 
zones at the resolution of individual trees. Such technologies are entering 
routine use in advanced Ukrainian orchards.
Direct measurement of stomatal conductance with a leaf porometer provides 
a more sensitive measure of stress than canopy temperature but is too slow 
for routine commercial use. It remains an important research tool and is 
occasionally used in diagnostic trials.
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I R R I G A T I O N  S U P P O R T  T O O L S
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I R R I G A T I O N  S Y S T E M S

System Desing and Installation 
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System Desing and Installation 
Hydraulic Principles

I R R I G A T I O N  S Y S T E M S
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System Desing and Installation 
Hydraulic Principles

I R R I G A T I O N  S Y S T E M S
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System Desing and Installation 
Hydraulic Principles

I R R I G A T I O N  S Y S T E M S
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Figure 1 - Mobile pump system

I R R I G A T I O N  S Y S T E M S

Pump and Filtration Requirements

The pump and filtration train is the heart of the irrigation 
system. Pump selection is determined by the system flow 
rate, total dynamic head (TDH), the available power supply, 
and the variability of demand among different operating 
zones. For most commercial Ukrainian apple orchards, 
electric centrifugal pumps directly coupled to three-phase 
motors are standard, with submersible pumps where the 
water source is a deep well and surface pumps for shallow 
wells, ponds, or rivers..

Pump capacity should match the largest single zone flow rate plus an 
allowance of 5 to 10 percent for filter pressure rise and gradual wear. 
Variable-frequency drives (VFDs) on the pump motor are increasingly 
common in new Ukrainian installations: they allow the pump speed to be 
matched to the actual zone flow, reducing energy consumption by 20 to 40 
percent compared with throttled fixed-speed operation and providing soft-
start that reduces hydraulic shock and extends equipment life.
Filtration is critical for drip and microsprinkler systems and is the most 
common cause of avoidable irrigation failures. Filter selection depends on 
water source and emitter sensitivity:
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Pump and Filtration Requirements

I R R I G A T I O N  S Y S T E M S

Filtration is critical for drip and microsprinkler systems and is the most common cause 
of avoidable irrigation failures. Filter selection depends on water source and emitter 
sensitivity:
•Surface water (ponds, rivers, canals): typically requires sand-media filtration as 
primary stage (capacity 50 to 100 µm), followed by screen or disc filtration for fine 
polishing (80 to 130 mesh, equivalent to 110 to 180 µm). 
•Groundwater from wells: usually requires only screen or disc filtration (130 to 200 
mesh) for typical drip emitters, unless iron, manganese, or biological activity is 
significant.
•Drip emitters with very small orifices (under 1 L/h): require finer filtration (200 mesh 
or finer); larger emitters and microsprinklers tolerate coarser filtration.

Sand filters are sized by water flow rate and water quality; typical capacity is 30 to 50 m³/h per 
filter tank, with multiple tanks operated in parallel for larger systems. They require 
backflushing — automatic in modern installations — when the pressure drop across the filter 
exceeds about 0.5 bar. Disc and screen filters are also backflushable and have lower energy 
consumption than sand filters; they are appropriate where biological load is low.
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Sand filters are sized by water flow rate and water quality; typical 
capacity is 30 to 50 m³/h per filter tank, with multiple tanks operated 
in parallel for larger systems. They require backflushing — automatic 
in modern installations — when the pressure drop across the filter 
exceeds about 0.5 bar. Disc and screen filters are also backflushable 
and have lower energy consumption than sand filters; they are 
appropriate where biological load is low.

Figure 1 — Schematic of a typical pump and filtration train for an apple orchard drip system: (1) intake 
screen, (2) primary pump, (3) sand or hydrocyclone filter for bulk solids, (4) injection point for fertigation, (5) 
secondary screen or disc filter for fine filtration, (6) pressure regulator, (7) flow meter, (8) main shut-off valve 
to field.

Pump and Filtration Requirements

I R R I G A T I O N  S Y S T E M S
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Pipe layout

Figure 37 Plan view of a typical drip irrigation layout for an apple orchard: main line (heavy black), sub-mains servicing 
each block (medium), laterals along each tree row (thin), with emitters spaced along the laterals. Hydraulic zones are 
demarcated by zone valves; each zone is operated as an independent unit on a programmed schedule.

The pipe layout of a typical Ukrainian commercial drip-
irrigated apple orchard consists of:

• A main line from the pumphouse to the orchard, sized 
for full system flow and built of pressure-rated PE or 
PVC (typically 90 to 160 mm diameter, depending on 
flow).

• Sub-mains running perpendicular to tree rows, each 
serving one hydraulic zone (typically 63 to 110 mm). 

• Lateral lines running along each tree row, with 
integrated or attached emitters (typically 16 to 20 
mm).

• Optional flushing lines at the far end of each row, 
connecting all laterals in a zone to a common flush 
valve.

I R R I G A T I O N  S Y S T E M S
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Pressure-compensating Emitters
Pressure-compensating

Pressure-compensating emitters are strongly 
recommended for all but the smallest, flattest 

installations. They maintain uniform discharge across a 
wide pressure range (typically 80 to 350 kPa), 
automatically compensating for elevation differences and 
friction losses along the lateral. The slight additional cost 
(5 to 10 percent of total lateral cost) is repaid in higher 
uniformity and lower operational stress. 

I R R I G A T I O N  S Y S T E M S
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Pressure-compensating Emitters
Pressure-compensating

Pressure-compensating emitters are strongly 
recommended for all but the smallest, flattest 
installations. They maintain uniform discharge 
across a wide pressure range (typically 80 to 350 
kPa), automatically compensating for elevation 
differences and friction losses along the lateral. 
The slight additional cost (5 to 10 percent of 
total lateral cost) is repaid in higher uniformity 
and lower operational stress. 

I R R I G A T I O N  S Y S T E M S
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Pressure-compensating Emitters

Pressure-compensating

Pressure-compensating emitters are strongly 

recommended for all but the smallest, flattest 

installations. They maintain uniform discharge 

across a wide pressure range (typically 80 to 350 

kPa), automatically compensating for elevation 

differences and friction losses along the lateral. 

The slight additional cost (5 to 10 percent of total 

lateral cost) is repaid in higher uniformity and 

lower operational stress. 

I R R I G A T I O N  S Y S T E M S
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Pressure-compensating Emitters

I R R I G A T I O N  S Y S T E M S
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Operation
Routine System checks

I R R I G A T I O N  S Y S T E M S
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Installation
Best Practices

Whatever the design, the system’s long-term performance depends on installation quality. Common installation 
problems that can severely compromise an otherwise good design include:
•Inadequate trench depth for buried pipework, leading to mechanical damage from cultivation and frost heave in cold 
winters.
•Imperfectly cleaned or jointed pipe, allowing debris into the system that subsequently clogs emitters.
•Mismatched fittings (different manufacturers, different pressure ratings) producing failures at the joints.
•Inadequate flushing of new pipe before commissioning, leaving manufacturing debris that destroys filters and emitters 
in the first weeks of operation.
•Insufficient air valves and pressure-relief valves at high points and at the pump discharge. 
•Incorrect or absent labelling of valves, making subsequent troubleshooting difficult.
Standard installation practice for a Ukrainian commercial apple orchard drip system includes: pre-installation site 
marking and verification of tree row geometry; trenching for buried mains at 0.6 to 1.0 m depth (below the frost line); 
pressure-testing of all buried pipe before backfilling; thorough flushing of the entire main and sub-main network at 
design flow rate; commissioning of filters with a controlled increase in flow over the first hour; and a 30-day post-
installation inspection to identify and correct any defects under warranty.

I R R I G A T I O N  S Y S T E M S
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Installation
Pipe Layout and Spacing

Mainlines and sub-mainlines are typically buried (60–80 cm depth) and made of PVC or PE. Drip laterals are

above-ground (surface drip) or 15–35 cm below the surface (SDI). For carrot and beet sown in twin-row beds 1.4

m wide, one lateral per bed with 30 cm emitter spacing and 2 L/h emitters gives an instantaneous application

rate of 4.8 mm/h. For cabbage at 0.6 m × 0.5 m, one lateral per row with 0.5 m emitter spacing and 2 L/h

emitters delivers 2.4 mm/h. For onion planted in twin or quadruple rows on 1.2 m beds, two laterals per bed

with 0.2–0.3 m emitter spacing are appropriate.

I R R I G A T I O N  S Y S T E M S
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Operation

I R R I G A T I O N  S Y S T E M S
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Operation
Routine System checks

I R R I G A T I O N  S Y S T E M S
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Operation
Routine System checks

I R R I G A T I O N  S Y S T E M S
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C H O O S I N G

Sprinkler vs drip — at a glance

Application efficiency: share of water reaching the root zone

Sprinkler Drip

Efficiency 70–85% 85–95%

Uniformity Good Very high

Area wetted Whole field Root zone

Wind / evap loss Moderate Very low

Pressure / energy Higher Lower

Salts on leaves Possible Avoided

Best soils Most* All, esp. sand

*cut the application rate on clay to avoid runoff
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Operation
Preventing and Resolve Clogging

Chemical clogging is caused by precipitation of 
calcium carbonate (the most common in 
Ukrainian waters), calcium phosphate (from 
fertigation), iron oxide, and manganese oxide. 
Prevention requires: water analysis at the design 
stage; acid injection to maintain pH below 6.5 
(typically sulphuric or phosphoric acid for 
routine treatment, nitric acid for occasional 
pulse-treatment); and avoidance of 
incompatible fertiliser combinations. Treatment 
of established mineral clogging is by acid pulse: 
an acid solution (typically pH 2–3) is circulated 
through the system for 30 to 60 minutes, then 
flushed thoroughly with clear water. This is 
normally a post-season operation.

I R R I G A T I O N  S Y S T E M S Physical clogging is caused by sand, silt, organic debris, or filter 
media that has passed downstream of filtration. Prevention 
requires: appropriately sized filtration for the water source (Chapter 
9); regular flushing of laterals; and prompt response to any increase 
in filter pressure differential. Treatment is mechanical: backflushing 
the filter, flushing the laterals at high velocity, and — if individual 
emitters are blocked — physical cleaning or replacement.
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Preventing and Resolve Clogging
I R R I G A T I O N  S Y S T E M S
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I R R I G A T I O N  S Y S T E M S
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Winter Season
Winter Season

Ukrainian winters can produce freezing of water in irrigation pipes, with 
consequent damage from expansion. Winterization is therefore a critical pre-
winter task in all orchard regions. A proper winterization sequence includes:

• Apply the final irrigation of the season (the "winter watering"), typically in 
mid-October, to bring the soil profile to field capacity before freeze-up. This 
protects roots from desiccation during freeze-thaw cycles.

• Inject acid through the system to maintain pH at 5.5 to 6.0 in the final 
irrigation event, then flush briefly to clear the lines without removing the 
residual acid that suppresses biological activity over winter.

• Drain the system. Open all flush valves, drain valves, and lateral end caps; 
remove water from low points and from the pump and filter assemblies. 
Compressed-air blow-out is recommended for sub-mains and mains where 
complete drainage by gravity is not possible.

• Remove and store indoors all easily damaged components: pressure 
regulators, flow meters, solenoid valves, controllers, sensors. Cover and 
protect the pump and motor against ice and animal damage.

• Inspect and document the system condition for spring start-up.

Surface drip laterals are usually left in place over winter. They tolerate moderate 
freezing if fully drained. The principal winter risks are mechanical damage from 
rodents, hares (which gnaw on plastic), and accidental damage during dormant 
pruning operations. Inspection in late winter to identify and repair such damage 
before spring start-up is recommended.

I R R I G A T I O N  S Y S T E M S



OB04Irrigation in fruit growing 

Slide 70



OB04Irrigation in fruit growing 

Slide 71

I R R I G A T I O N

Water Conservation
Rainwater Harvesting

On-farm storage ponds and tanks turn winter and spring

rainfall into summer irrigation supply. A pond holding 4

000–6 000 m³ per irrigated hectare is sufficient to bridge a

six-week drought on most southern Ukrainian vegetable

rotations. Roof catchment from large packing sheds and

machinery buildings, channelled to lined ponds, supplies

high-quality, low-sediment water that is particularly

suitable for drip irrigation of fresh-market produce.
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I R R I G A T I O N  A P P L E

Stage and Water Demand

Figure 5 — Critical growth stages and approximate daily water demand across the apple growing 
season under central-Ukrainian conditions. Demand peaks during fruit expansion in June and July.
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When and how much to irrigate
I R R I G A T I O N  A P P L E
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Systems 
Apple 

Schematic comparison of four irrigation systems used in apple orchards: (a) furrow irrigation, (b) microsprinkler, (c) surface drip, (d) subsurface drip irrigation
(SDI). System choice influences water-use efficiency, capital cost, labour requirement, and suitability for fertigation.

I R R I G A T I O N  A P P L E
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