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Lower Chittering, Western Australia This project is supported by Perth Region 

NRM, through funding from the Australian 
Government’s Caring for our Country.

Irrigation System and Orchard Details
Citrus Park is situated in the Chittering Valley on the banks of the Brockman 
River. Citrus Park grows several varieties of citrus including Imperial and 
Hickson mandarin, Washington navels, Verna lemons, Tahitian lime and 
Star Ruby grapefruit. The Washington navel block is irrigated with pressure 
compensated in-line dripper with one dripline per row of trees. On average, 
each dripper delivers 3.5 L/hour and drippers are spaced at 0.5 m intervals 
along the line. The pressure compensated dripline operates at 180 – 205 kPa 
(26-30 psi) and the Distribution Uniformity (DU) of the dripline is 96%.   

In the orchard, trees are spaced at 3 m intervals along the row and there is 5 
m between the rows. This gives a tree density of 666 trees/hectare. The trees 
form a continuous hedge row which is approximately 2 m wide. This gives a 
canopy area of 6 m2 (3 m tree spacing x 2 m canopy diameter). The trees are 
approximately 7 years old and are grafted onto Troyer Citrange rootstock.  

Soil Water Properties
The soil at Citrus Park has a field texture of clay loam. From field texture analysis 
of the soil, the following characteristics of the soil were noted: soil forms a 
coherent ball, ball can be rolled into a thick cylinder and thread, thread can be 
formed into a horseshoe without cracking, thread can be formed into a 2.5cm 
diameter ring without cracking, gritty feel. The Available Water (AW) content of 
clay loam is approximately 150mm/m and the Readily Available Water (RAW), is 
approximately 55mm/m (55 L per cubic metre of soil). The wetting pattern from 
the dripline forms a continuous wetted strip 1.5 m wide. With a tree spacing of  
3 m, a wetted area of 1.5 m, a rootzone depth of 0.4 m and RAW of 55mm/m, the 
amount of water that can be held in the rootzone equals 99 Litres (3 m x  
1.5 m) x (0.4 m x 55mm/m). 

Soil Moisture Monitoring
MEA GBug loggers with Watermark gypsum block soil moisture sensors 
have been used in the orchard since early 2009. The sensors have been 
installed at 10cm, 20cm, 30cm and 50cm. Gypsum block technology logs 

soil moisture in kPa tension, representing the suction that the plant needs 
to exert through the roots to obtain water. This scale is a reliable indicator 
of plant stress and available soil moisture in the root zone. Saturation for 
the clay loam is 2kPa, field capacity is 8 kPa and the refill or irrigation point 
is 30 kPa. The graph shows the soil moisture profile during the summer 
growing period. From the trends, the soil moisture at 10cm was always 
at saturation. Late December to early January was the only time that soil 
moisture decreased to approximately 40 kPa in the 20 - 50cm profile.  

Water Quality - Salt
Surface and groundwater sources are used for irrigation at Citrus Park. Both 
sources are quality tested twice a year in February and June. Regular salinity 
measurements are also taken. Some results are listed in the table below.

Table 1: Salinity measurements for surface and groundwater for Citrus Park 
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Chloride 520mg/L 1019mg/L 300mg/L threshold for troyer rootstock

Sodium 322mg/L 536mg/L
If trees can withstand Sodium levels 
>458mg/L, they are considered tolerant 

EC (mS/cm) 1.7 mS/cm 3.3 mS/cm 1.6-4.8mS/cm = brackish

Total 
Dissolved 
Salts 

935mg/L 1815mg/L 500-1000mg/L = medium salinity risk

Sodium 
Adsorption 
Ratio

7.7 12.1 

<10 = safe to irrigate with no soil 
structure deterioration

10-18 = hazard on fine textures soils 
with high cation exchange capacity



Citrus – Washington Navel Orange

Water Use Study
Lower Chittering, Western Australia

Depending on the availability and quantity of irrigation water reserves, 
Citrus Park uses predominantly groundwater until February then a 
combination of groundwater and surface water is used to irrigate the citrus 
trees up until harvest.

Irrigation Schedule
Bud Formation and Flower Initiation (July-August) 

Depending on seasonal conditions and market pressures, picking of previous 
years fruit occurs during July and August. Regular effective rainfall events 
were recorded during July and August with a total of 285mm of rainfall 
collected. In the two months, 30 rain days were recorded. No irrigations 
were scheduled during July and August. 

Flowering and Fruit Set (September-October) 

Irrigations commenced in late September. Two rain days were recorded 
in September with more than 10mm of rainfall. 119mm of rainfall was 
recorded in the month of September and 15.6mm of rain was recorded in 
October which is well below the mean of 52mm. With a crop factor of 0.7, 
the crop water demand was 90mm in September and 130mm in October. 
10.5L/tree/day was applied in September and 21L/tree/day was applied in 
October. 

Fruit Growth – Cell Division (November- December) 

During this period the fruit size grows to approximately 36mm in diameter. 
Daily evaporation averages 7.3mm/day in November and 9.3mm/day in 
December with spikes up to 13mm/day. Rainfall in November supplied 
32.4mm of which only 2 rainfall events were effective. 0.2mm of rain was 
recorded in December. Most of the crop water requirement for November-
December was supplied via irrigation. 31.5 L/tree/day was applied to the 
trees during this period. In December, soil moisture at 10cm remained 
saturated while 20-30cm ranged from 5 - 40kPa. Soil moisture at 50cm 
peaked at 50 kPa during December. 

Fruit Growth – Cell Expansion (January-April) 

January: No rainfall was recorded in January. Daily maximum temperatures 
fluctuated from 260C to 440C. Daily evaporation averaged 9.7mm/day 
and the crop water requirement equalled 7.0mm/day. 7.0mm crop water 
requirement equalled 41 L/tree/day that needed to be applied through the 
dripline. The same schedule as December was used and 31.5 L/tree/day was 
applied in the orchard. With high crop water use and lower than expected 
irrigation amounts, soil moisture at 20-30cm deep remained around 30 
kPa while the 50cm depth increased to 80 kPa in early January. From mid 
January, soil moisture stabilised at all depths at approximately 10 kPa.

February: Hot and dry conditions were recorded in February (taken from 
Pearse RAAF Base Bureau of Meteorology Weather Station) with no rainfall 
observed. Average daily evaporation was 9mm with average daily maximum 
temperatures of 350C. Crop water requirement was 6.1mm/day which 
equalled 36 L/tree/day. 31.5 L/tree/day was again scheduled during February. 
882 litres were applied to each tree during the month of February. The 10cm 
soil moisture probe remained saturated, while 20, 30 and 60cm depths 
remained between 2 kPa and 30 kPa. 

March: Total rainfall in March equalled 25mm which was slightly above 
the average of 19mm but this 25mm fell in 1 day and no other significant 
rainfall was recorded. The crop water requirement for the 6 m2 canopy area 
was 4.7mm/day or equivalent to 28 L/tree/day. 1.5 hours of irrigation was 
scheduled each day, equal to 31.5 L/tree/day. Twenty seven irrigation days 
were scheduled in March which totalled 850 L/tree.  Up to the 22nd March, 
soil moisture at 10cm remained at saturation (1kPa) but levels at 20 and 
30cm ranged from 9 to 20 kPa. After the 25mm rainfall event on the 22nd 
March, no irrigations were scheduled for the next 4 days.   

April: Evaporation in April averaged 5.1mm/day. The citrus crop factor 
remains at 0.7 and irrigation must continue to replace 70% of the 
evaporative losses from the tree. Crop water requirement equalled 106mm 
and 13mm of rainfall was recorded but was not effective so all of the crop 
water requirement must be delivered through irrigation. Irrigations were 
scheduled for one hour duration (21 L/tree/day) which equalled the daily 
irrigation requirement. 

Fruit Maturation (May-June) 

Mild weather conditions were recorded in May and June with average  
maximum temperatures of 19-220C and average soil temperatures of 
between 14-170C. 66mm of rainfall was recorded in May and 35mm recorded 
in June. Total rainfall for May and June was below the average of 103mm and 
155mm. Fruit size now averages 80mm and is approaching harvest size. From 
the 66mm of rainfall recorded in May and corresponding soil moisture levels, 
no irrigations were scheduled in May. Soil moisture at 10 to 50cm fluctuated 
between 1 - 17kPa. Even through only 35mm of rainfall was recorded in 
June, no irrigations were scheduled as soil moisture did not go above 20 kPa 
at 30cm deep. If there was no rainfall in May and June, 9 L/tree/day and 8 L/
tree/day would have been required via irrigation in the two months. Fruit size 
at harvest ranged from 70mm to 95mm. 

Note: Due to the high salinity concentration of the irrigation water, 
the soil moisture content must remain close to field capacity to reduce 
salt accumulation in the rootzone. The irrigation schedule adopted was 
successful at maintaining soil moisture at field capacity but the amount of 
water lost due to deep drainage is unknown.

Fruit developing in February 60-73mm diameter
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The annual crop water requirement for the Washington navels was 7146 L/
tree or 4759 (kilolitres) kL/ha. The actual (in field) irrigation amount applied 
was 6226 L/tree equal to 4146 kL/ha or 4.146 megalitres/ha (ML). No 
irrigations were scheduled during July and August and May and June. These 
calculations were based on an average canopy size of 6 m2 and an average 
dripper output of 21 L/tree/hour.

Water Use Efficiency (WUE) Results
For this water use study, WUE is a comparison between the volume of 
irrigation water applied (ML) and total weight of crop production (tonnes). 
It is often difficult to increase water use efficiency with water quality and 
quantity restrictions and variable climatic conditions. 

From harvest records and irrigation application over the growing season, 
the Irrigation Water Use Efficiency was 6.653 t/ML. Production of packed 
or marketable fruit per ML was not able to be calculated but if this data is 
available, it can also be used as an indicator of irrigation WUE. 

Recording tonnes of fruit per hectare is very useful to know, but with 
limited water resources and associated water quality issues such as salinity, 
t/ML is a more important comparison for future irrigation benchmarking at 
Citrus Park.  

Irrigation Tips
• �Increasing or decreasing canopy size will have an effect on crop water 

requirement. If water resources are limited then consider a reduction in 
canopy size. 

• �If new irrigation blocks or upgrades are planned, wetting patterns should be 
maximised by selecting a dripline that has closely spaced drip intervals. In 
loamy to clay soils, wetting patterns should form a continuous wetted strip 
with dripper spacing of 0.5-0.7 m. In sandy soils, smaller dripper spacing’s of 
0.3 m or less may be required to form a continuous wetted strip. 

  �Note – check maximum run lengths and dripline pressure loss charts or 
have the system designed by a Certified Irrigation Designer if planning new 
irrigation blocks. 

• �Irrigation with slightly elevated chloride and sodium levels is possible 
with drip irrigation. By scheduling irrigations to keep the root zone moist 
and within field capacity, the effects of salinity can be reduced and salt 
concentrations in the root zone can be maintained to the level of the 
irrigation water. If the soil is allowed to dry, root zone salinity can increase 
and can reduce the trees ability to extract water from the soil.
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50% Effective 
Rainfall (mm)

Irrigation Requirement (mm) 
minus effective rainfall

Irrigation Requirement  
(Litres/tree)

Irrigation Requirement  
(kL/ha)

2125 592 0.5 x 592 = 296 1487mm – 296mm = 1191 Calculated Actual Calculated Actual

1191mm x 6 m2 = 
7146

1037mm x 6 m2 = 
6226

7146L x 666 trees/
ha ÷ 1000 = 4759 
(or 4.759 ML/ha)

6226L x 666 trees/
ha ÷ 1000 = 4146 
(or 4.146 ML/ha)

Water Use Results
Table 2: Summary of water use results for Citrus Park
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During August, daily evaporation reached a max of 5.2mm and an average 
of 4mm. Irrigation schedule was altered to deliver 150mL (12mins) in the 
10cm dripper area, but no change was made to the 30cm dripper area due 
to soil moisture monitoring results.

Two irrigations of 187mL (15mins) each were scheduled during September/
October in the 30cm dripline area. Soil moisture monitoring showed that 
wetting fronts moved through to the bottom of the rootzone (400mm) 
and did not pass 600mm. Two irrigations of 100mL or 2.6mm (8 mins) were 
scheduled during September for the 10cm dripline. During September/October, 
the timing of these two irrigations was critical to avoid irrigating past the 
rootzone. 7 hours was the optimum time between irrigations to avoid water 
movement past 400mm. 5 hours between irrigations caused water to move 
past 600mm. In late October and early November, three irrigations of 8 mins 
in the 10cm and 30cm dripline area were scheduled on days with higher 
evaporation (9.4mm) and this maintained soil moisture to 400mm. 

The strawberry property has undergone continual improvement with 
irrigation scheduling since 2006 and groundwater usage in kL/ha has 
decreased signifi cantly since 2006. Research from the Department of 
Agriculture and Food suggests that strawberries can be grown with approx 
6,000-7,000 KL/ha – with low covers. During 2008, there were no covers on 
the strawberry crop, so there was still room for improvement. 

Water usage results are as follows:

Irrigation System: Fixed Overhead Impact Sprinklers and Drip line (T-Tape)

Application Rate: 9.2 mm/hour for overhead sprinkler system, 20 mm/hour 
for the 0.75L/hour dripline @10cm spacing and 11mm/hour for the 
1.1L/hour dripline @30cm spacing. 

The strawberry crop was planted on the 1st May 2008 and production 
ceased on the 19th November 2008, a growing season of 203 days. 

During the fi rst month of growth, the bare-rooted transplanted strawberries 
needed overhead irrigation to establish the root system, sometimes 
three irrigations per day to prevent drying out. During the fi rst week of 
establishment, the highest water usage for the season was recorded over 
the 1.865 ha area and irrigation wetting fronts were moving through to 
600mm depth. Consistent rainfall after the fi rst week reduced water usage 
and assisted with establishment.  

Irrigations with drip tape commenced on the 5th of June and were 
scheduled to replace evaporation of approx 2.5mm/day. This was equal to 
8mins (100mL) for the 10cm dripline and 13mins (238mL) for the 30cm 
dripline. A frequency of 1 irrigation per day was suffi cient to keep the 
irrigation within the rootzone.

Due to limitations with the accuracy of the irrigation controller and time 
taken to fi ll irrigation lines, 2.5mm was the minimum amount applied during 
June and July. Department of Agriculture and Food research suggests that 
irrigation could have been reduced to 70% of evaporation during this period. 
One irrigation per day continued through June and July. Two irrigations were 
scheduled on 17th June to investigate accuracy of scheduling. As seen in the 
fi gure below, two irrigations in one day moved through to 600mm and past 
the rootzone of the plants. A large rainfall event is evident on the 15th June.
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During fruit set and development, the Summer Bright nectarines were 
irrigated every day for 1 hour until the 22nd January 2008. Evaporation 
averaged 10mm per day.

The irrigation schedule was altered from the 22nd January to every second 
day for 1 hour in duration. Soil tension (15,30 and 45cm) fl uctuated 
between -10kPa after an irrigation to -40kPa two days after the irrigation. 
Some moisture stress was placed on the plant at this time with the soil 
tension reaching -40kPa at 45cm deep.

The Summer Brite Nectarines were harvested the prior to the 13th February 
2008. 10,500kg of grade 1 and 2 fruit was picked from the block which is 
0.3ha in size. The 2007 harvest was 6,040kg.

Post Harvest: The trees continued to receive 1 hour irrigations every second 
day until the 30th March when the irrigation ceased and rainfall started 
with 141mm in April 2008. 

Future Irrigation Scheduling
The irrigation system on the Summer Bright nectarines delivers a relatively 
large amount of water in a small area. Approx 130 litres of water spread over 
4.5m2 is equivalent to 28mm if irrigation. Combining the important fi gures of 
soil texture, rootzone depth and gravel content, 14.4mm of water is available 
to the trees. To fi ll the rootzone, 30mins of irrigation is needed. Based on the 
old schedule of 1 hour per day and a pump out put of 12,000L/hour, approx 
6,000L could be saved per day if the schedule was changed to match soil 
water holding capacity.

Irrigation System: Strip spray microjets

Application Rate: 28mm/hour

The orchard manager commenced irrigation in the 

Nectarine block on the 9th of November 2007.

Evaporation at this time was ranging from 6-9mm, temperatures 22-29 
degrees, and humidity 13-50% (Perth Airport weather station).

Soil moisture remained steady during late October to early November 
(-25 to -30kPa @ 30cm).

During the fi rst week, irrigations were scheduled daily for 1.5 hours. 
This increased soil moisture @ 60cm to approx -8kpa and on the gravelly 
soil type -8kpa is saturated. Irrigations were leaching quickly through the 
profi le and below the rootzone. The lower level of the rootzone is estimated 
at 45cm.

This profi le was a result of over irrigation and not compensating for the 
high output of the strip spray  sprinklers in a relatively small area. The graph 
below shows this “wet” profi le from the 10-16 November 2007.

It is diffi cult to ascertain the amounts of water leached through the profi le 
due to the technology used (gypsum blocks) but assumptions can be made 
that when the soil is wet (-8kpa) and then more water is added through 
Irrigations then leaching may occur (especially on soils with high gravel 
content).

From this profi le, the irrigation schedule was changed from daily to once 
every two days from the 20th Nov 2007.  During this period, irrigations 
were 1 hour (approx 130L from each strip spray). With this schedule change, 
soil tension was reduced at 60cm from -8kPa to -15kPa which indicated a 
reduction in irrigation passing 60cm (quantity unknown). Evaporation at 
this time was averaging 6-9mm per day.
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Sprinklers 
The existing sprinkler system (Wingfi eld Challenger) has a distribution 
uniformity (DU) of 60% which is considered low compared to the industry 
standard of 75% for head to head micro Irrigation systems. A DU of 60% 
can be attributed to the square sprinkler pattern along the laterals, distance 
between sprinklers (5m) does not match the throw radius of that sprinkler 
(3.7m) @150kPa, branches may be interfering with water distribution under 
the trees. 

Water Use
The Karragullen area is not prescribed as a proclaimed water source area 
so water can be drawn from underground aquifer without a licence. 
Hypothetically, if the area was a proclaimed groundwater resource and 
required a licence to abstract groundwater, approx 10,000kL/ha/annum 
would be allocated to grow apples. Approx 1.107ha of the property is under 
production, 11,070kL/year would be allocated to grow the apples.

For 2007-2008, irrigation applied to the Pink Lady block was approx 
2721kL/ha with a majority of irrigation used between 28th November to 
26th March. A crop factor of 0.2-0.3 (not 0.55) appears to be adequate for 
the crop and to reduce the occurrence of waterlogging in high clay soil types.
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2007-2008 Evaporation, Crop Factors and Irrigation – Pink Lady Apples

Irrigation System: Microsprinklers (Winfi eld Challenger maroon 1.3mm nozzle)

Application Rate: 3.2mm/hour

The soil under the Pink Lady apples has been textured as light clay with a 
color change at 30cm depth with mottled iron particles which indicates 
historical waterlogging.

Gbug soil moisture monitoring equipment was installed in the Pink Lady 
Block on the 19th Sept 2007 with four gypsum block sensors at 15cm, 
30cm, 45cm and 60cm. Evaporation in October/November 07 was averaging 
7-8.5mm, the trees are actively growing and have healthy leaf growth.

During October and early November 2007, rainfall was low (22.8mm) and 
soil moisture reached -86kPa at 15cm. 5.3mm of irrigation was applied 
which saturated the soil to 15cm but soil tension did not increase at 30cm. 
Daily irrigations of 2mm (40mins) started on the 22nd November which 

increased soil tension at 30cm from -87kPa to -28kPa but there was no 
increase at 45cm.

During December 07, 153mm of water was applied to the Pink Lady crop, 
54mm of rain and 99mm of irrigation. Evaporation for the same period was 
204mm. Soil Water tension at all depths increased to saturation of between 
-5kPa to -13kPa. Research has shown that Pink Lady apples can produce 
good quality fruit from a defi cit Irrigation schedule, so having the soil at 
saturation may be affecting the crops growth. 

Note: This situation where all depths are at fi eld capacity for a number of 
days indicates water logging in the rootzone will need to be avoided next 
season due to the clay soil type.

Daily irrigations of 1 hour (approx 3.2mm) were scheduled during January 
2008. Soil surface (15cm) tension remained between -5 to -15kPa but 30cm, 
45cm and 60cm depths continued to dry out.

Perth Region NRM Inc. 
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Irrigation System & Vineyard Details
Sittella Winery is situated in Herne Hill on the banks of the Swan River. 
Sittella grow several varieties of wine grapes, including warm season 
Verdelho. The Verdelho block is irrigated with pressure compensated 20mm 
dripline (1 line per row) with an average in-fi eld fl ow of 3.84 L/hour and a 
dripper spacing of 1.0m. The dripline is operating at a pressure of 240kPa 
or 34psi. The Distribution uniformity for the dripline is 84.7% with a 
Coeffi cient of Uniformity of 91% over the block. The dripline is suspended 
on a wire approximately 0.2m above the ground to aid with vineyard 
maintenance. Each vine has access to water from 1.5 drippers.

The vines are spaced 1.5m apart and 3.0m between the rows. 1.34 hectares 
of Verdelho is grown in the vineyard consisting of 2977 vines. The Verdelho 
(Nairn Clone) vines were planted in 1993 on Schwarzmann rootstock. The 
vines are cane pruned with 4 stems per vine.

Soil Water Properties
The soil in the Verdelho block has a fi eld texture of a Sandy Loam to Clayey 
Sand. The texture can be directly related to available water (AW) and readily 
available water (RAW) in the soil profi le. The soil AW is approx. 115mm/m and 
soil RAW is approx. 65mm/m (65L per cubic meter of soil). The wetted area of 
the dripline is 0.5m wide either side of the dripper and forms a continuous 
wetted strip along the dripline. With 
the vines spaced at 1.5m and a 1m 
wide wetted strip, a rootzone of 
0.6m deep and 65mm/m RAW, the 
amount of water that can be held in 
the rootzone equals 59L. Calculation: 
(1.5m x 1m) x (0.6m x 65mm/m)

Soil Moisture Monitoring
Soil moisture probes have been installed in the Verdelho block at a depth of 
15cm, 30cm and 60cm. Soil moisture is recorded in % moisture. Saturation 
for the soil is 17%, fi eld capacity is 14% and minimum soil moisture 
(recorded during summer) is approximately 5.5-6.5%. 

Irrigation schedule – 2009-2010 season
A Reduced Defi cit Irrigation Schedule (RDI) was used to irrigate the vines 
during the growing season. RDI was used during the period between fruit set 
and veraison, to control vine growth and to infl uence grape/berry quality. 

Budburst (early September) – Evaporation (Epan) averaged 3.2mm/day, 
93mm of rain, soil moisture levels full, no irrigations were needed.

October – New shoots actively growing, 2-3 leaf nodes per shoot. 
Evaporation averaged 5.4mm/day. 6.8mm of rainfall was recorded for the 
month. Soil moisture levels within limits, no irrigations were scheduled.

Flowering and Fruit Set (November) – Average daily maximum 
temperature ranged from 20-35ºC. Flowering commenced on the 5th 
November. The vines continued to draw on soil water reserves during early 
November. 30mm of rain on the 18th and 19th November saturated the 
profi le at 15cm but 
this wetting front only 
reached 30cm where 
a small increase in soil 
moisture was noted. 
No Irrigations were 
scheduled for November. 
Note: Good soil moisture 
status during fl owering 
is important to ensure 
good fruit set and yield. 

Continued over...

Depth Max soil 
moisture (%) 

Min soil 
moisture (%) Range (%) 

15cm 17 6.5 10.5 

30cm 15 6.5 8.5 

60cm 14 5.5 8.5 
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Avocado - Hass 

Water Use Study
Carabooda, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.

Irrigation System Details and Orchard Details
A micro-sprinkler irrigation system is used to deliver water to the trees 
throughout the year. The system is fully overlapping between the trees 
but partially overlapping between the rows. From the specifi cations, the 
sprinklers deliver 95L/hour and are pressure compensated to a range of 120-
400kPa (17-58psi). Lateral line pressure is approx 270-290kPa. The sprinklers 
have a 7m throw diameter and a nozzle size of 1.75mm. Sprinklers are spaced 
every 3.5m and each tree has access to 
water from two sprinklers. The sprinklers 
have an average application rate of 4mm 
per hour (from catch cup analysis).

There is 7m between trees in older sections 
of the orchard (204 trees/ha) where as 
recent plantings are 3.5m apart (408 trees/
ha). Rows are spaced at 7m intervals.

Rootstocks used at the orchard include 
Guatemalan and Topa Topa on the older 
trees. Zutano and Velvick rootstocks have 
been used on younger trees. Hass variety 
fruit is grown across the orchard. 

Soil Water Properties
The orchard is situated on Spearwood soils which are classifi ed as deep 
yellow free draining sands. The orchard soil has a fi eld texture of Sand 
(coherence nil to very slight, cannot be moulded, sand grains adhere to 
fi ngers). Large areas of the orchard have a layer of organic matter on the soil 
surface which has a Sandy Loam texture (coherent bolus but sandy to touch, 
sand grains medium size and visible). 

The soil texture can be directly related to water storage capacity or readily 
available water (RAW). Sand has a RAW of approx 35mm/m or 35L per cubic 
meter of soil. The effective rootzone is 0.4m deep and the average canopy 
area is 38m2 (7m diameter)

 Rootzone RAW 

  0 to 0.2m of Sandy Loam @ 45mm/m = 9mm
  0.2m to 0.4m of Sand @ 35mm/m = 7mm
  9mm + 7mm = 16mm RAW
  Soil Water Reserve
  16mm x 38m2 = 608L 

Soil Moisture Monitoring
Capacitance probes have been installed in the orchard and constantly log 
soil moisture at 10, 20, 30, 40 and 60cm. Trends from the soil moisture 
monitoring equipment can easily be interpreted to see if irrigations are 
reaching the bottom of the rootzone. Soil moisture full and refi ll points can 
be set so that irrigation applications can be altered to keep within limits and 
the rootzone. 

Irrigation schedule – 2009-2010 season
Irrigations commenced during some dry periods in August and early 
September to sustain the trees during harvest and early fl owering. Regular 
daily irrigations did not commence until late September.

Flowering/harvest (September): 97mm of rainfall was recorded during 
September with a majority recorded in the fi rst half of the month. Approx 
6mm of irrigation per day was scheduled from the 16th September. Moisture 
stress was avoided during the fl owering period. Orchard pruning commenced.

Continued over...

Irrigation schedule continued over...
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Irrigation Management  
for Table Grapes

Celery 
Bullsbrook, WA

Cabbage 
Carabooda, WA

Cabbage

Water Use Study
Carabooda, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.
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Irrigation Scheduling Cabbage - 14th January to 24th March 2009
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Water Use Results
Rain: 38 mm
Crop Water Demand: 616.8 mm
Irrigation Applied: 658 mm (equal to 6580 kL/ha)
Total Water Applied: 696 mm

Irrigation System: Fixed Overhead Butterfl y Sprinklers

Application Rate: 11.7 mm/hour

The Cabbage seedlings were planted on the 12th January 2009 and reached 
maturity after 72 days.

Local evaporation, recorded from Wanneroo weather station
(http://www.agric.wa.gov.au/PC_93316.html) averaged 8mm/day for the 
month of January, with a max of 12mm and a min of 2.8mm. During January, 
irrigations were scheduled to replace 100% of evaporative losses or a crop 
factor of 1.0. Daily irrigation was broken up into 3-4 shifts per day at 3mm 
of irrigation per shift. This schedule continued through to the 31st January 
when 35mm of rain fell in one day. The 35mm of rain saturated and leached 
through the soil profi le past 600mm.  From this rainfall event, the maximum 
water holding capacity was set for the soil moisture monitoring equipment 
and this level was used as a guide for scheduling future irrigations.

The crop water requirement increased to a 1.2 crop factor in February. This 
was approx. 1 hour or 11.7mm/day. During the fi rst week, actual infi eld 
application was 13.3mm/day and irrigations were moving through to 600mm. 

This increase in irrigation coincided with 4 consecutive days of greater than 
10mm of evaporation and temperatures of 32-37°C.  From the 11th to 25th of 
February, irrigation run times matched crop water demand and wetting fronts 
were kept in the rootzone. Soil moisture at 400mm to 600mm remained 
steady and deep drainage water loss was assumed to be minimal.

By the 5th of March (51 days old), the cabbage crop had grown to full cover 
and irrigations were scheduled to replace 140% of evaporation (1.4 crop 
factor). Local evaporation was averaging 7.3mm/day and temperatures 
averaged 28°C. The irrigation controller was set to deliver 11mm/day which 
was broken up over 3 shifts. Soil moisture trends below the active rootzone 
(600mm) showed a slight increase at approx. 1pm each day.  This is possibly 
due to the saturation and accumulation of soil water from the morning 
irrigation shifts and crop water demand not being as high as expected.

From the 11th March through to harvest on the 24th March, the cabbage 
crop required 102mm of water and 112mm was applied through irrigation. 
Daily evaporation ranged from 3.4mm to 8.8mm/day during the life of the 
crop and changes to the irrigation schedule were made weekly.   

80 Great Northern Highway (Corner Bishop Road)
MIDDLE SWAN WA 6056
Tel: (08) 9374 3333 Fax: (08) 9374 0685
Email: enquiries@perthregionnrm.com
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Celery

Water Use Study
Bullsbrook, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.
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Irrigation Scheduling: Celery - 1st October to 22nd December 2008

Soil moisture monitoring revealed that there were three days in November 
(14th,20th,26th) and one day in December (3rd) were the celery did not 
receive any irrigation. Observations and reports from the operations 

manager showed that a majority 
the property was under production, 
there was a high water demand 
across the property, dam levels were 
low. As a result of this, only 140% 
not the recommended 170% of 
evaporation was applied to the crop 
during the last 4 weeks of growth. 
The operations manager suggested 
this change did not affect the crops 
growth or taste.

Future: Daily rainfall events must be 
taken into account when scheduling 
irrigations so that water applied 
through irrigation can be conserved. 

As a result of the property under full production and associated high water 
demand, irrigation schedules will need to be altered to the specifi c crops as 
to avoid the situation where crops receive no irrigation throughout the day.

Water Use Results

Rain: 118.9 mm

Crop Water Demand: 627.5 mm

Irrigation Applied: 484.5 mm

Total Water Applied: 603.4 mm

Irrigation System: Fixed Overhead Impact Sprinklers

Application Rate: 8.5mm/hour

The celery crop was planted on 1st October 2008 and reached maturity after 
83 days of growth.

Local evaporation at the site during the month of October averaged 5-6mm 
per day with highest evaporation of 9.7mm. During the early growth phase 
(less than quarter grown) irrigation was scheduled to replace 100% (1.0 
crop factor) of the water lost through evaporation (5-6mm/day), which was 
broken up into two x 20min shifts/day. Soil moisture monitoring showed 
that the irrigations were remaining within the top 20cm of soil. A large 
rainfall event on the 24th and 25th October (approx. 38mm) caused soil 
moisture capacitance to increase at all depths (100, 200, 300, 400, 600mm) 
which indicated possible leaching. 

During the fi rst 5 weeks of growth, the combined total of irrigation and 
rainfall tracked slightly lower than the recommended water requirement for 
the crop, even though monitoring equipment was installed in an average 
application area (8.5mm/hour). Personal communication with the operations 
manager suggest that local wind conditions may have infl uenced the 
amount of irrigation collected in the fi eld with strong easterly winds in the 
morning and south westerly winds in the afternoon.  

During November, evaporation ranged from 3.4mm/day to 10.2mm/day, 
averaging 6mm/day and a total of 26mm of rainfall fell on site. Irrigations 
were scheduled to replace 120% of evaporation, or a crop factor of 1.2 
(approx 55mins/day) and divided up into 2 x 4.0mm irrigations/day. From 
soil moisture monitoring, 4mm of irrigation was suffi cient to create a 
wetting front through to 300mm, which from examination was the depth of 
the rootzone. 
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Cauliflower 
Bullsbrook, WA

Citrus - Navel Orange 
Lower Chittering, WA

Table Grape 
West Swan, WA

Caulifl ower

Water Use Study
Bullsbrook, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.
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Due to the low water holding capacity of sandy soils at the site and the 
shallow rooting depth of the caulifl ower (~40cm), not all of the rainfall will 
be available to the plant. Some will be lost to deep drainage and interception 
by the leaves. It may be necessary to schedule irrigations shortly after rainfall 
events, depending on soil moisture status and crop water demand.

Water Use Results
Rain: 139.4 mm
Crop Water Demand: 460.6 mm
Irrigation Applied: 355.6 mm
Total Water Applied: 495 mm

Irrigation System: Fixed Overhead Impact Sprinklers

Application Rate: 8.5mm/hour

The caulifl ower crop was planted on 2nd September 2008 and reached 
maturity after 78 days of growth.

Local evaporation at the site during the month of September ranged 
between 23-33mm/week and signifi cant rainfall showers were recorded 
during September. Irrigation was scheduled to replace 100% (1.0 crop 
factor) of the water lost through evaporation which was approx 3-4mm/
day, which was broken up into 2 x 15min shifts/day at 9am and 2pm. Soil 
moisture monitoring showed that the irrigations were remaining within 
the top 20-30cm of soil (see soil moisture graph below). Soil moisture 
monitoring confi rmed that water movement past 30cm can be minimized 
if there was approx 5 hours between irrigations. During the fi rst 5 weeks 
of growth, the combined total of irrigation and rainfall was slightly greater 

than the recommended water requirement for the caulifl ower but water 
movement through to 600mm only occurred with rainfall events. 

During October, evaporation averaged 5-6mm/day with a maximum of 
9.6mm. At this stage the Caulifl ower was 5 weeks old and the irrigation 
schedule was altered to deliver 120% (1.2 crop factor) of evaporation. 
The schedule was again altered to 140% (1.4 crop factor) for the last two 
weeks of growth as the crop reached maturity. As a general trend, irrigation 
applied was slightly lower than the recommended amount. 

During the growing period, there were several rainfall events which were 
recorded on the property. Rainfall needs to be included when scheduling 
irrigations and in the total water requirement for the crop. An example of this 
is when 11.7mm of rain fell on the crop over the period of a week. The crop 
water requirement for the week was 46.1mm, so only 34mm of irrigation was 
scheduled for that week. Reducing irrigation after signifi cant rainfall events will 
ensure that irrigation water is not wasted and crops grow in optimum conditions.
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Caulifl ower crop with overhead irrigation system (Naan 5022, 4 mm x2.5 
mm nozzles @12m x 12m spacing) with soil moisture monitoring probe in 
background
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Citrus – Washington Navel Orange

Water Use Study
Lower Chittering, Western Australia This project is supported by Perth Region 

NRM, through funding from the Australian 
Government’s Caring for our Country.

Irrigation System and Orchard Details
Citrus Park is situated in the Chittering Valley on the banks of the Brockman 
River. Citrus Park grows several varieties of citrus including Imperial and 
Hickson mandarin, Washington navels, Verna lemons, Tahitian lime and 
Star Ruby grapefruit. The Washington navel block is irrigated with pressure 
compensated in-line dripper with one dripline per row of trees. On average, 
each dripper delivers 3.5 L/hour and drippers are spaced at 0.5 m intervals 
along the line. The pressure compensated dripline operates at 180 – 205 kPa 
(26-30 psi) and the Distribution Uniformity (DU) of the dripline is 96%.   

In the orchard, trees are spaced at 3 m intervals along the row and there is 5 
m between the rows. This gives a tree density of 666 trees/hectare. The trees 
form a continuous hedge row which is approximately 2 m wide. This gives a 
canopy area of 6 m2 (3 m tree spacing x 2 m canopy diameter). The trees are 
approximately 7 years old and are grafted onto Troyer Citrange rootstock.  

Soil Water Properties
The soil at Citrus Park has a fi eld texture of clay loam. From fi eld texture analysis 
of the soil, the following characteristics of the soil were noted: soil forms a 
coherent ball, ball can be rolled into a thick cylinder and thread, thread can be 
formed into a horseshoe without cracking, thread can be formed into a 2.5cm 
diameter ring without cracking, gritty feel. The Available Water (AW) content of 
clay loam is approximately 150mm/m and the Readily Available Water (RAW), is 
approximately 55mm/m (55 L per cubic metre of soil). The wetting pattern from 
the dripline forms a continuous wetted strip 1.5 m wide. With a tree spacing of 
3 m, a wetted area of 1.5 m, a rootzone depth of 0.4 m and RAW of 55mm/m, the 
amount of water that can be held in the rootzone equals 99 Litres (3 m x 
1.5 m) x (0.4 m x 55mm/m). 

Soil Moisture Monitoring
MEA GBug loggers with Watermark gypsum block soil moisture sensors 
have been used in the orchard since early 2009. The sensors have been 
installed at 10cm, 20cm, 30cm and 50cm. Gypsum block technology logs 

soil moisture in kPa tension, representing the suction that the plant needs 
to exert through the roots to obtain water. This scale is a reliable indicator 
of plant stress and available soil moisture in the root zone. Saturation for 
the clay loam is 2kPa, fi eld capacity is 8 kPa and the refi ll or irrigation point 
is 30 kPa. The graph shows the soil moisture profi le during the summer 
growing period. From the trends, the soil moisture at 10cm was always 
at saturation. Late December to early January was the only time that soil 
moisture decreased to approximately 40 kPa in the 20 - 50cm profi le.  

Water Quality - Salt
Surface and groundwater sources are used for irrigation at Citrus Park. Both 
sources are quality tested twice a year in February and June. Regular salinity 
measurements are also taken. Some results are listed in the table below.

Table 1: Salinity measurements for surface and groundwater for Citrus Park 
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Salinity 
Analyte

Ground 
water

Surface 
Water Notes

Chloride 520mg/L 1019mg/L 300mg/L threshold for troyer rootstock

Sodium 322mg/L 536mg/L
If trees can withstand Sodium levels 
>458mg/L, they are considered tolerant 

EC (mS/cm) 1.7 mS/cm 3.3 mS/cm 1.6-4.8mS/cm = brackish

Total 
Dissolved 
Salts 

935mg/L 1815mg/L 500-1000mg/L = medium salinity risk

Sodium 
Adsorption 
Ratio

7.7 12.1 

<10 = safe to irrigate with no soil 
structure deterioration

10-18 = hazard on fi ne textures soils 
with high cation exchange capacity
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Strawberry
Neerabup, WA

Nectarine,
Karragullen, WA

Avocado
Carabooda, WA

Strawberry 

Water Use Study
Neerabup, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.
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During August, daily evaporation reached a max of 5.2mm and an average 
of 4mm. Irrigation schedule was altered to deliver 150mL (12mins) in the 
10cm dripper area, but no change was made to the 30cm dripper area due 
to soil moisture monitoring results.

Two irrigations of 187mL (15mins) each were scheduled during September/
October in the 30cm dripline area. Soil moisture monitoring showed that 
wetting fronts moved through to the bottom of the rootzone (400mm) 
and did not pass 600mm. Two irrigations of 100mL or 2.6mm (8 mins) were 
scheduled during September for the 10cm dripline. During September/October, 
the timing of these two irrigations was critical to avoid irrigating past the 
rootzone. 7 hours was the optimum time between irrigations to avoid water 
movement past 400mm. 5 hours between irrigations caused water to move 
past 600mm. In late October and early November, three irrigations of 8 mins 
in the 10cm and 30cm dripline area were scheduled on days with higher 
evaporation (9.4mm) and this maintained soil moisture to 400mm. 

The strawberry property has undergone continual improvement with 
irrigation scheduling since 2006 and groundwater usage in kL/ha has 
decreased signifi cantly since 2006. Research from the Department of 
Agriculture and Food suggests that strawberries can be grown with approx 
6,000-7,000 KL/ha – with low covers. During 2008, there were no covers on 
the strawberry crop, so there was still room for improvement. 

Water usage results are as follows:

Irrigation System: Fixed Overhead Impact Sprinklers and Drip line (T-Tape)

Application Rate: 9.2 mm/hour for overhead sprinkler system, 20 mm/hour 
for the 0.75L/hour dripline @10cm spacing and 11mm/hour for the 
1.1L/hour dripline @30cm spacing. 

The strawberry crop was planted on the 1st May 2008 and production 
ceased on the 19th November 2008, a growing season of 203 days. 

During the fi rst month of growth, the bare-rooted transplanted strawberries 
needed overhead irrigation to establish the root system, sometimes 
three irrigations per day to prevent drying out. During the fi rst week of 
establishment, the highest water usage for the season was recorded over 
the 1.865 ha area and irrigation wetting fronts were moving through to 
600mm depth. Consistent rainfall after the fi rst week reduced water usage 
and assisted with establishment.  

Irrigations with drip tape commenced on the 5th of June and were 
scheduled to replace evaporation of approx 2.5mm/day. This was equal to 
8mins (100mL) for the 10cm dripline and 13mins (238mL) for the 30cm 
dripline. A frequency of 1 irrigation per day was suffi cient to keep the 
irrigation within the rootzone.

Due to limitations with the accuracy of the irrigation controller and time 
taken to fi ll irrigation lines, 2.5mm was the minimum amount applied during 
June and July. Department of Agriculture and Food research suggests that 
irrigation could have been reduced to 70% of evaporation during this period. 
One irrigation per day continued through June and July. Two irrigations were 
scheduled on 17th June to investigate accuracy of scheduling. As seen in the 
fi gure below, two irrigations in one day moved through to 600mm and past 
the rootzone of the plants. A large rainfall event is evident on the 15th June.
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Water Usage 06-08 (KL/ha)

2006

11,193

2007

8,606

2008

6,907

Nectarine

Water Use Study
Karragullen, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.
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During fruit set and development, the Summer Bright nectarines were 
irrigated every day for 1 hour until the 22nd January 2008. Evaporation 
averaged 10mm per day.

The irrigation schedule was altered from the 22nd January to every second 
day for 1 hour in duration. Soil tension (15,30 and 45cm) fl uctuated 
between -10kPa after an irrigation to -40kPa two days after the irrigation. 
Some moisture stress was placed on the plant at this time with the soil 
tension reaching -40kPa at 45cm deep.

The Summer Brite Nectarines were harvested the prior to the 13th February 
2008. 10,500kg of grade 1 and 2 fruit was picked from the block which is 
0.3ha in size. The 2007 harvest was 6,040kg.

Post Harvest: The trees continued to receive 1 hour irrigations every second 
day until the 30th March when the irrigation ceased and rainfall started 
with 141mm in April 2008. 

Future Irrigation Scheduling
The irrigation system on the Summer Bright nectarines delivers a relatively 
large amount of water in a small area. Approx 130 litres of water spread over 
4.5m2 is equivalent to 28mm if irrigation. Combining the important fi gures of 
soil texture, rootzone depth and gravel content, 14.4mm of water is available 
to the trees. To fi ll the rootzone, 30mins of irrigation is needed. Based on the 
old schedule of 1 hour per day and a pump out put of 12,000L/hour, approx 
6,000L could be saved per day if the schedule was changed to match soil 
water holding capacity.

Irrigation System: Strip spray microjets

Application Rate: 28mm/hour

The orchard manager commenced irrigation in the 

Nectarine block on the 9th of November 2007.

Evaporation at this time was ranging from 6-9mm, temperatures 22-29 
degrees, and humidity 13-50% (Perth Airport weather station).

Soil moisture remained steady during late October to early November 
(-25 to -30kPa @ 30cm).

During the fi rst week, irrigations were scheduled daily for 1.5 hours. 
This increased soil moisture @ 60cm to approx -8kpa and on the gravelly 
soil type -8kpa is saturated. Irrigations were leaching quickly through the 
profi le and below the rootzone. The lower level of the rootzone is estimated 
at 45cm.

This profi le was a result of over irrigation and not compensating for the 
high output of the strip spray  sprinklers in a relatively small area. The graph 
below shows this “wet” profi le from the 10-16 November 2007.

It is diffi cult to ascertain the amounts of water leached through the profi le 
due to the technology used (gypsum blocks) but assumptions can be made 
that when the soil is wet (-8kpa) and then more water is added through 
Irrigations then leaching may occur (especially on soils with high gravel 
content).

From this profi le, the irrigation schedule was changed from daily to once 
every two days from the 20th Nov 2007.  During this period, irrigations 
were 1 hour (approx 130L from each strip spray). With this schedule change, 
soil tension was reduced at 60cm from -8kPa to -15kPa which indicated a 
reduction in irrigation passing 60cm (quantity unknown). Evaporation at 
this time was averaging 6-9mm per day.
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Sprinklers 
The existing sprinkler system (Wingfi eld Challenger) has a distribution 
uniformity (DU) of 60% which is considered low compared to the industry 
standard of 75% for head to head micro Irrigation systems. A DU of 60% 
can be attributed to the square sprinkler pattern along the laterals, distance 
between sprinklers (5m) does not match the throw radius of that sprinkler 
(3.7m) @150kPa, branches may be interfering with water distribution under 
the trees. 

Water Use
The Karragullen area is not prescribed as a proclaimed water source area 
so water can be drawn from underground aquifer without a licence. 
Hypothetically, if the area was a proclaimed groundwater resource and 
required a licence to abstract groundwater, approx 10,000kL/ha/annum 
would be allocated to grow apples. Approx 1.107ha of the property is under 
production, 11,070kL/year would be allocated to grow the apples.

For 2007-2008, irrigation applied to the Pink Lady block was approx 
2721kL/ha with a majority of irrigation used between 28th November to 
26th March. A crop factor of 0.2-0.3 (not 0.55) appears to be adequate for 
the crop and to reduce the occurrence of waterlogging in high clay soil types.
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2007-2008 Evaporation, Crop Factors and Irrigation – Pink Lady Apples

Irrigation System: Microsprinklers (Winfi eld Challenger maroon 1.3mm nozzle)

Application Rate: 3.2mm/hour

The soil under the Pink Lady apples has been textured as light clay with a 
color change at 30cm depth with mottled iron particles which indicates 
historical waterlogging.

Gbug soil moisture monitoring equipment was installed in the Pink Lady 
Block on the 19th Sept 2007 with four gypsum block sensors at 15cm, 
30cm, 45cm and 60cm. Evaporation in October/November 07 was averaging 
7-8.5mm, the trees are actively growing and have healthy leaf growth.

During October and early November 2007, rainfall was low (22.8mm) and 
soil moisture reached -86kPa at 15cm. 5.3mm of irrigation was applied 
which saturated the soil to 15cm but soil tension did not increase at 30cm. 
Daily irrigations of 2mm (40mins) started on the 22nd November which 

increased soil tension at 30cm from -87kPa to -28kPa but there was no 
increase at 45cm.

During December 07, 153mm of water was applied to the Pink Lady crop, 
54mm of rain and 99mm of irrigation. Evaporation for the same period was 
204mm. Soil Water tension at all depths increased to saturation of between 
-5kPa to -13kPa. Research has shown that Pink Lady apples can produce 
good quality fruit from a defi cit Irrigation schedule, so having the soil at 
saturation may be affecting the crops growth. 

Note: This situation where all depths are at fi eld capacity for a number of 
days indicates water logging in the rootzone will need to be avoided next 
season due to the clay soil type.

Daily irrigations of 1 hour (approx 3.2mm) were scheduled during January 
2008. Soil surface (15cm) tension remained between -5 to -15kPa but 30cm, 
45cm and 60cm depths continued to dry out.
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Irrigation System & Vineyard Details
Sittella Winery is situated in Herne Hill on the banks of the Swan River. 
Sittella grow several varieties of wine grapes, including warm season 
Verdelho. The Verdelho block is irrigated with pressure compensated 20mm 
dripline (1 line per row) with an average in-fi eld fl ow of 3.84 L/hour and a 
dripper spacing of 1.0m. The dripline is operating at a pressure of 240kPa 
or 34psi. The Distribution uniformity for the dripline is 84.7% with a 
Coeffi cient of Uniformity of 91% over the block. The dripline is suspended 
on a wire approximately 0.2m above the ground to aid with vineyard 
maintenance. Each vine has access to water from 1.5 drippers.

The vines are spaced 1.5m apart and 3.0m between the rows. 1.34 hectares 
of Verdelho is grown in the vineyard consisting of 2977 vines. The Verdelho 
(Nairn Clone) vines were planted in 1993 on Schwarzmann rootstock. The 
vines are cane pruned with 4 stems per vine.

Soil Water Properties
The soil in the Verdelho block has a fi eld texture of a Sandy Loam to Clayey 
Sand. The texture can be directly related to available water (AW) and readily 
available water (RAW) in the soil profi le. The soil AW is approx. 115mm/m and 
soil RAW is approx. 65mm/m (65L per cubic meter of soil). The wetted area of 
the dripline is 0.5m wide either side of the dripper and forms a continuous 
wetted strip along the dripline. With 
the vines spaced at 1.5m and a 1m 
wide wetted strip, a rootzone of 
0.6m deep and 65mm/m RAW, the 
amount of water that can be held in 
the rootzone equals 59L. Calculation: 
(1.5m x 1m) x (0.6m x 65mm/m)

Soil Moisture Monitoring
Soil moisture probes have been installed in the Verdelho block at a depth of 
15cm, 30cm and 60cm. Soil moisture is recorded in % moisture. Saturation 
for the soil is 17%, fi eld capacity is 14% and minimum soil moisture 
(recorded during summer) is approximately 5.5-6.5%. 

Irrigation schedule – 2009-2010 season
A Reduced Defi cit Irrigation Schedule (RDI) was used to irrigate the vines 
during the growing season. RDI was used during the period between fruit set 
and veraison, to control vine growth and to infl uence grape/berry quality. 

Budburst (early September) – Evaporation (Epan) averaged 3.2mm/day, 
93mm of rain, soil moisture levels full, no irrigations were needed.

October – New shoots actively growing, 2-3 leaf nodes per shoot. 
Evaporation averaged 5.4mm/day. 6.8mm of rainfall was recorded for the 
month. Soil moisture levels within limits, no irrigations were scheduled.

Flowering and Fruit Set (November) – Average daily maximum 
temperature ranged from 20-35ºC. Flowering commenced on the 5th 
November. The vines continued to draw on soil water reserves during early 
November. 30mm of rain on the 18th and 19th November saturated the 
profi le at 15cm but 
this wetting front only 
reached 30cm where 
a small increase in soil 
moisture was noted. 
No Irrigations were 
scheduled for November. 
Note: Good soil moisture 
status during fl owering 
is important to ensure 
good fruit set and yield. 

Continued over...

Depth Max soil 
moisture (%) 

Min soil 
moisture (%) Range (%) 

15cm 17 6.5 10.5 

30cm 15 6.5 8.5 

60cm 14 5.5 8.5 
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Verdelho Soil Moisture Graph 2009–2010
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Irrigation System Details and Orchard Details
A micro-sprinkler irrigation system is used to deliver water to the trees 
throughout the year. The system is fully overlapping between the trees 
but partially overlapping between the rows. From the specifi cations, the 
sprinklers deliver 95L/hour and are pressure compensated to a range of 120-
400kPa (17-58psi). Lateral line pressure is approx 270-290kPa. The sprinklers 
have a 7m throw diameter and a nozzle size of 1.75mm. Sprinklers are spaced 
every 3.5m and each tree has access to 
water from two sprinklers. The sprinklers 
have an average application rate of 4mm 
per hour (from catch cup analysis).

There is 7m between trees in older sections 
of the orchard (204 trees/ha) where as 
recent plantings are 3.5m apart (408 trees/
ha). Rows are spaced at 7m intervals.

Rootstocks used at the orchard include 
Guatemalan and Topa Topa on the older 
trees. Zutano and Velvick rootstocks have 
been used on younger trees. Hass variety 
fruit is grown across the orchard. 

Soil Water Properties
The orchard is situated on Spearwood soils which are classifi ed as deep 
yellow free draining sands. The orchard soil has a fi eld texture of Sand 
(coherence nil to very slight, cannot be moulded, sand grains adhere to 
fi ngers). Large areas of the orchard have a layer of organic matter on the soil 
surface which has a Sandy Loam texture (coherent bolus but sandy to touch, 
sand grains medium size and visible). 

The soil texture can be directly related to water storage capacity or readily 
available water (RAW). Sand has a RAW of approx 35mm/m or 35L per cubic 
meter of soil. The effective rootzone is 0.4m deep and the average canopy 
area is 38m2 (7m diameter)

 Rootzone RAW 

  0 to 0.2m of Sandy Loam @ 45mm/m = 9mm
  0.2m to 0.4m of Sand @ 35mm/m = 7mm
  9mm + 7mm = 16mm RAW
  Soil Water Reserve
  16mm x 38m2 = 608L 

Soil Moisture Monitoring
Capacitance probes have been installed in the orchard and constantly log 
soil moisture at 10, 20, 30, 40 and 60cm. Trends from the soil moisture 
monitoring equipment can easily be interpreted to see if irrigations are 
reaching the bottom of the rootzone. Soil moisture full and refi ll points can 
be set so that irrigation applications can be altered to keep within limits and 
the rootzone. 

Irrigation schedule – 2009-2010 season
Irrigations commenced during some dry periods in August and early 
September to sustain the trees during harvest and early fl owering. Regular 
daily irrigations did not commence until late September.

Flowering/harvest (September): 97mm of rainfall was recorded during 
September with a majority recorded in the fi rst half of the month. Approx 
6mm of irrigation per day was scheduled from the 16th September. Moisture 
stress was avoided during the fl owering period. Orchard pruning commenced.

Continued over...

Irrigation schedule continued over...
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Water Use Results
Rain: 38 mm
Crop Water Demand: 616.8 mm
Irrigation Applied: 658 mm (equal to 6580 kL/ha)
Total Water Applied: 696 mm

Irrigation System: Fixed Overhead Butterfl y Sprinklers

Application Rate: 11.7 mm/hour

The Cabbage seedlings were planted on the 12th January 2009 and reached 
maturity after 72 days.

Local evaporation, recorded from Wanneroo weather station
(http://www.agric.wa.gov.au/PC_93316.html) averaged 8mm/day for the 
month of January, with a max of 12mm and a min of 2.8mm. During January, 
irrigations were scheduled to replace 100% of evaporative losses or a crop 
factor of 1.0. Daily irrigation was broken up into 3-4 shifts per day at 3mm 
of irrigation per shift. This schedule continued through to the 31st January 
when 35mm of rain fell in one day. The 35mm of rain saturated and leached 
through the soil profi le past 600mm.  From this rainfall event, the maximum 
water holding capacity was set for the soil moisture monitoring equipment 
and this level was used as a guide for scheduling future irrigations.

The crop water requirement increased to a 1.2 crop factor in February. This 
was approx. 1 hour or 11.7mm/day. During the fi rst week, actual infi eld 
application was 13.3mm/day and irrigations were moving through to 600mm. 

This increase in irrigation coincided with 4 consecutive days of greater than 
10mm of evaporation and temperatures of 32-37°C.  From the 11th to 25th of 
February, irrigation run times matched crop water demand and wetting fronts 
were kept in the rootzone. Soil moisture at 400mm to 600mm remained 
steady and deep drainage water loss was assumed to be minimal.

By the 5th of March (51 days old), the cabbage crop had grown to full cover 
and irrigations were scheduled to replace 140% of evaporation (1.4 crop 
factor). Local evaporation was averaging 7.3mm/day and temperatures 
averaged 28°C. The irrigation controller was set to deliver 11mm/day which 
was broken up over 3 shifts. Soil moisture trends below the active rootzone 
(600mm) showed a slight increase at approx. 1pm each day.  This is possibly 
due to the saturation and accumulation of soil water from the morning 
irrigation shifts and crop water demand not being as high as expected.

From the 11th March through to harvest on the 24th March, the cabbage 
crop required 102mm of water and 112mm was applied through irrigation. 
Daily evaporation ranged from 3.4mm to 8.8mm/day during the life of the 
crop and changes to the irrigation schedule were made weekly.   
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Irrigation Scheduling: Celery - 1st October to 22nd December 2008

Soil moisture monitoring revealed that there were three days in November 
(14th,20th,26th) and one day in December (3rd) were the celery did not 
receive any irrigation. Observations and reports from the operations 

manager showed that a majority 
the property was under production, 
there was a high water demand 
across the property, dam levels were 
low. As a result of this, only 140% 
not the recommended 170% of 
evaporation was applied to the crop 
during the last 4 weeks of growth. 
The operations manager suggested 
this change did not affect the crops 
growth or taste.

Future: Daily rainfall events must be 
taken into account when scheduling 
irrigations so that water applied 
through irrigation can be conserved. 

As a result of the property under full production and associated high water 
demand, irrigation schedules will need to be altered to the specifi c crops as 
to avoid the situation where crops receive no irrigation throughout the day.

Water Use Results

Rain: 118.9 mm

Crop Water Demand: 627.5 mm

Irrigation Applied: 484.5 mm

Total Water Applied: 603.4 mm

Irrigation System: Fixed Overhead Impact Sprinklers

Application Rate: 8.5mm/hour

The celery crop was planted on 1st October 2008 and reached maturity after 
83 days of growth.

Local evaporation at the site during the month of October averaged 5-6mm 
per day with highest evaporation of 9.7mm. During the early growth phase 
(less than quarter grown) irrigation was scheduled to replace 100% (1.0 
crop factor) of the water lost through evaporation (5-6mm/day), which was 
broken up into two x 20min shifts/day. Soil moisture monitoring showed 
that the irrigations were remaining within the top 20cm of soil. A large 
rainfall event on the 24th and 25th October (approx. 38mm) caused soil 
moisture capacitance to increase at all depths (100, 200, 300, 400, 600mm) 
which indicated possible leaching. 

During the fi rst 5 weeks of growth, the combined total of irrigation and 
rainfall tracked slightly lower than the recommended water requirement for 
the crop, even though monitoring equipment was installed in an average 
application area (8.5mm/hour). Personal communication with the operations 
manager suggest that local wind conditions may have infl uenced the 
amount of irrigation collected in the fi eld with strong easterly winds in the 
morning and south westerly winds in the afternoon.  

During November, evaporation ranged from 3.4mm/day to 10.2mm/day, 
averaging 6mm/day and a total of 26mm of rainfall fell on site. Irrigations 
were scheduled to replace 120% of evaporation, or a crop factor of 1.2 
(approx 55mins/day) and divided up into 2 x 4.0mm irrigations/day. From 
soil moisture monitoring, 4mm of irrigation was suffi cient to create a 
wetting front through to 300mm, which from examination was the depth of 
the rootzone. 
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Due to the low water holding capacity of sandy soils at the site and the 
shallow rooting depth of the caulifl ower (~40cm), not all of the rainfall will 
be available to the plant. Some will be lost to deep drainage and interception 
by the leaves. It may be necessary to schedule irrigations shortly after rainfall 
events, depending on soil moisture status and crop water demand.

Water Use Results
Rain: 139.4 mm
Crop Water Demand: 460.6 mm
Irrigation Applied: 355.6 mm
Total Water Applied: 495 mm

Irrigation System: Fixed Overhead Impact Sprinklers

Application Rate: 8.5mm/hour

The caulifl ower crop was planted on 2nd September 2008 and reached 
maturity after 78 days of growth.

Local evaporation at the site during the month of September ranged 
between 23-33mm/week and signifi cant rainfall showers were recorded 
during September. Irrigation was scheduled to replace 100% (1.0 crop 
factor) of the water lost through evaporation which was approx 3-4mm/
day, which was broken up into 2 x 15min shifts/day at 9am and 2pm. Soil 
moisture monitoring showed that the irrigations were remaining within 
the top 20-30cm of soil (see soil moisture graph below). Soil moisture 
monitoring confi rmed that water movement past 30cm can be minimized 
if there was approx 5 hours between irrigations. During the fi rst 5 weeks 
of growth, the combined total of irrigation and rainfall was slightly greater 

than the recommended water requirement for the caulifl ower but water 
movement through to 600mm only occurred with rainfall events. 

During October, evaporation averaged 5-6mm/day with a maximum of 
9.6mm. At this stage the Caulifl ower was 5 weeks old and the irrigation 
schedule was altered to deliver 120% (1.2 crop factor) of evaporation. 
The schedule was again altered to 140% (1.4 crop factor) for the last two 
weeks of growth as the crop reached maturity. As a general trend, irrigation 
applied was slightly lower than the recommended amount. 

During the growing period, there were several rainfall events which were 
recorded on the property. Rainfall needs to be included when scheduling 
irrigations and in the total water requirement for the crop. An example of this 
is when 11.7mm of rain fell on the crop over the period of a week. The crop 
water requirement for the week was 46.1mm, so only 34mm of irrigation was 
scheduled for that week. Reducing irrigation after signifi cant rainfall events will 
ensure that irrigation water is not wasted and crops grow in optimum conditions.
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Irrigation System Details

The system is designed to irrigate 5.683ha of vineyard using low volume 
microsprinklers for established vines and drip tape for young vines. The 
pump used is a Grundfos 25hp (18.5kw) Submersible feeding into 100mm 
A/C mainline with 50mm 
class 9 PVC sub-mains 
and 25mm LDPE lateral 
lines. Sprinklers used are 
Wingfi eld Challenger 
1.6mm Blue nozzle with 
a actual fl ow of 151L/hr 
@ 210kPa in the Crimson 
Seedless monitoring area. 
Sprinkler Spacing is 6.8m 
between the laterals and 
5.4m between sprinklers. 

Soil Moisture Monitoring

Sentek Enviroscan Plus 
with Easyag capacitance 
probe were installed to 
monitor irrigation levels 
and movement through the 
soil profi le. The probe logs 
soil moisture at 10, 20, 30 
and 50cm depths.

Irrigation Audit Details for 2009

Row spacing is every 3.4m but the laterals are located every second row 
(6.8m apart).  The current sprinklers have a radius of 4.8m @ 200kPa so the 
wetting patterns are not fully overlapping and this is reflected in the low 
Distribution Uniformity %.

Crimson Seedless Irrigation Scheduling (month by month)

October: Irrigations commended on the 20th October. During this time daily 
evaporation averaged 5-6mm, crop water demand was under 1mm per day 
and rainfall totalled 30mm. During October and early November, most of the 
rainfall is effective due to the small leaf area of the shooting vines. 

November: Rainfall delivered 54mm and the crop water requirement was 
30mm. Irrigations were scheduled around rainfall events during November.

December: Crop water demand for December was 77mm and 66mm was 
delivered via irrigation and approx. 23mm by rainfall. Soil moisture levels at 
30cm during Dec averaged 21-26mm compared to full point of 29mm.

January: Irrigation duration was increased during Jan to 3.5mm per day or 
a crop factor of 35% of evaporation (0.35). 98.5mm of irrigation was applied 
during Jan with several wetting fronts moving through to 30cm deep. At 
the end of January, soil moisture at 30cm had decreased to 11mm compared 
to a full point 29mm. Flat lines on the soil moisture graph at 30cm were 
evident at the end of Jan which indicated that the vine is not drawing soil 
water from that depth so the schedule needed to be changed so that there 
was readily available water at 30cm. Grapes are undergoing colour change 
during Jan and berry size is rapidly increasing. 

February: Due to decreasing soil moisture and high crop water demand, 
9mm irrigations were scheduled on consecutive days at the start of Feb. 
This increased soil moisture to 14mm at 30cm. A crop factor of 0.4 was 
applied during Feb which was equal to 112mm of water for the month. 
Evaporation from the 11th Feb to the 24th Feb was 131mm and the crop 
water requirement was 53mm but only 39mm was applied via irrigation. This 
caused a reduction in soil moisture through to 30cm. Irrigations were applied 
with a 0.4 crop factor but irrigation wetting fronts were not reaching 30cm 
but there was still readily available soil water at 10-20cm deep.

March: The crop was harvested (fi rst pick) on the 10th March. As soon as 
the grapes were harvested, soil moisture increased dramatically at 20 and 
30cm due to lower crop water demand and a 0.4 to 0.5 crop factor irrigation 
schedule. The irrigation schedule change from 0.4 to 0.5 was implemented 
to maximise berry size of the second crop to be harvested in April.

April: During the fi rst two weeks of April, daily 3mm irrigations were 
scheduled until the harvest of the second crop on the 12th April. 3mm per 
day was suffi cient to increase soil moisture at 30cm from 10mm to 18mm. 
Immediately after the second crop was picked, the schedule was altered to 
refl ect low crop water demand and to maintain the vines through to leaf fall 
and dormancy. 55mm of irrigation was required for the month of April and 
69mm was applied.

May: 2 irrigations were scheduled during May, each delivering approx. 
11mm of irrigation. The irrigation season ended on the 21st May with 58mm 
of rainfall.

2008-2009 Season Irrigation Schedule

Continued over...

Crimson Seedless Block

Mean Application Rate (mm/hr) 3.0

Distribution Uniformity 54%

Coeffi cient of Uniformity 64%

Scheduling Coeffi cient 1.8

Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun

Daily Evap 
(mm/day)

1.9 3.1 3.6 5.2 5.9 8.3 10.1 9.1 7.2 5.5 3.9 2.3

Crop Factor 0.1 0.15 0.25 0.3 0.35 0.4 0.4 0.4 to 0.5 0.1

Crop Water Requirement 
(mm) 0.36 0.78 1.5 2.5 3.5 3.6 2.8 1.7 0.4

Runtime (mins/day) 
@ 3mm/hr MAR 8 15 30 50 70 72 56 34 8
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Table Grape 

Water Use Study
West Swan, Western Australia

This project is supported by Perth Region 
NRM, through funding from the Australian 

Government’s Caring for our Country.

Irrigation System Details

The system is designed to irrigate 5.683ha of vineyard using low volume 
microsprinklers for established vines and drip tape for young vines. The 
pump used is a Grundfos 25hp (18.5kw) Submersible feeding into 100mm 
A/C mainline with 50mm 
class 9 PVC sub-mains 
and 25mm LDPE lateral 
lines. Sprinklers used are 
Wingfi eld Challenger 
1.6mm Blue nozzle with 
a actual fl ow of 151L/hr 
@ 210kPa in the Crimson 
Seedless monitoring area. 
Sprinkler Spacing is 6.8m 
between the laterals and 
5.4m between sprinklers. 

Soil Moisture Monitoring

Sentek Enviroscan Plus 
with Easyag capacitance 
probe were installed to 
monitor irrigation levels 
and movement through the 
soil profi le. The probe logs 
soil moisture at 10, 20, 30 
and 50cm depths.

Irrigation Audit Details for 2009

Row spacing is every 3.4m but the laterals are located every second row 
(6.8m apart).  The current sprinklers have a radius of 4.8m @ 200kPa so the 
wetting patterns are not fully overlapping and this is reflected in the low 
Distribution Uniformity %.

Crimson Seedless Irrigation Scheduling (month by month)

October: Irrigations commended on the 20th October. During this time daily 
evaporation averaged 5-6mm, crop water demand was under 1mm per day 
and rainfall totalled 30mm. During October and early November, most of the 
rainfall is effective due to the small leaf area of the shooting vines. 

November: Rainfall delivered 54mm and the crop water requirement was 
30mm. Irrigations were scheduled around rainfall events during November.

December: Crop water demand for December was 77mm and 66mm was 
delivered via irrigation and approx. 23mm by rainfall. Soil moisture levels at 
30cm during Dec averaged 21-26mm compared to full point of 29mm.

January: Irrigation duration was increased during Jan to 3.5mm per day or 
a crop factor of 35% of evaporation (0.35). 98.5mm of irrigation was applied 
during Jan with several wetting fronts moving through to 30cm deep. At 
the end of January, soil moisture at 30cm had decreased to 11mm compared 
to a full point 29mm. Flat lines on the soil moisture graph at 30cm were 
evident at the end of Jan which indicated that the vine is not drawing soil 
water from that depth so the schedule needed to be changed so that there 
was readily available water at 30cm. Grapes are undergoing colour change 
during Jan and berry size is rapidly increasing. 

February: Due to decreasing soil moisture and high crop water demand, 
9mm irrigations were scheduled on consecutive days at the start of Feb. 
This increased soil moisture to 14mm at 30cm. A crop factor of 0.4 was 
applied during Feb which was equal to 112mm of water for the month. 
Evaporation from the 11th Feb to the 24th Feb was 131mm and the crop 
water requirement was 53mm but only 39mm was applied via irrigation. This 
caused a reduction in soil moisture through to 30cm. Irrigations were applied 
with a 0.4 crop factor but irrigation wetting fronts were not reaching 30cm 
but there was still readily available soil water at 10-20cm deep.

March: The crop was harvested (fi rst pick) on the 10th March. As soon as 
the grapes were harvested, soil moisture increased dramatically at 20 and 
30cm due to lower crop water demand and a 0.4 to 0.5 crop factor irrigation 
schedule. The irrigation schedule change from 0.4 to 0.5 was implemented 
to maximise berry size of the second crop to be harvested in April.

April: During the fi rst two weeks of April, daily 3mm irrigations were 
scheduled until the harvest of the second crop on the 12th April. 3mm per 
day was suffi cient to increase soil moisture at 30cm from 10mm to 18mm. 
Immediately after the second crop was picked, the schedule was altered to 
refl ect low crop water demand and to maintain the vines through to leaf fall 
and dormancy. 55mm of irrigation was required for the month of April and 
69mm was applied.

May: 2 irrigations were scheduled during May, each delivering approx. 
11mm of irrigation. The irrigation season ended on the 21st May with 58mm 
of rainfall.

2008-2009 Season Irrigation Schedule

Continued over...

Crimson Seedless Block

Mean Application Rate (mm/hr) 3.0

Distribution Uniformity 54%

Coeffi cient of Uniformity 64%

Scheduling Coeffi cient 1.8

Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun

Daily Evap 
(mm/day)

1.9 3.1 3.6 5.2 5.9 8.3 10.1 9.1 7.2 5.5 3.9 2.3

Crop Factor 0.1 0.15 0.25 0.3 0.35 0.4 0.4 0.4 to 0.5 0.1

Crop Water Requirement 
(mm) 0.36 0.78 1.5 2.5 3.5 3.6 2.8 1.7 0.4

Runtime (mins/day) 
@ 3mm/hr MAR 8 15 30 50 70 72 56 34 8
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