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Cover photo shows Andy Carnahan who undertook the trial at the test gardens in 
March 2006 (this photo courtesy of Geoff Goodfellow).  Also appears on Page 18. 
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Executive Summary. 
 
A comparative trial of overhead watering and drip irrigation in two demonstration 
gardens was held in Moss Vale between October 2005 and April 2006.  The trial 
found that drip irrigation uses about one third of the water that overhead watering 
requires. 
 
However, growth was not even and during periods of heat stress, overhead watering 
provided better protection and growth for the garden.  During cooler periods, drip 
irrigation promoted better growth. 
 
It is also worth mentioning that gardens being cultivated with automatic watering 
systems require regular attention to ensure they are growing well. 
 
The trial demonstrated that drip irrigation greatly reduces water consumption.  It also 
demonstrated that overhead watering is required during periods of heat stress. 
 

The Results 
 
Period of the Study – October 2005 to April 2006.  Water consumption measured 
from 30 November 2005 to 4 April 2006 (a period of 126 days). 
 
Water consumed by Overhead Watering   57,792 litres 
 
Water consumed by Drip Irrigation  22,164 litres 
 

Cropping (used as control) 
 
Capsicum – failed in both beds.  Not significant. 
 
Beans – good growth in both beds over entire period.  Not significant. 
 
Tomatoes – very heavy cropping in both beds.  More foliage in Overhead. Better yield 
of fruit in drip bed.  Significant difference in yield in drip irrigation bed. 
 
Corn – better growth in overhead bed.  Bigger cobs and taller plants.  Drip bed 
smaller cobs and plants.  Significant difference in yield in overhead watered bed. 
 
Overall control demonstrated reasonable consistency between beds. 
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The study 
 
The study was undertaken to determine if a vegetable garden could be grown during 
periods of water restrictions.  The stated goal of the study was “A study to quantify 
reduction in water consumption of a small vegetable garden using drip irrigation 
while still maintaining equal produce output to conventional overhead watering”. 
 
It is obvious that drip irrigation will reduce the amount of water delivered to plants 
but will they still thrive? 
 
Traditional overhead watering is impractical and wasteful when water is a scarce (and 
becoming scarcer) resource.  Drip irrigation is promoted as a water effective method 
of gardening. 
 
Toro Australia (Pope) were approached to see if they offer some equipment and they 
donated most of the watering hardware for the trial.  This included timers, drip lines, 
hose, sprinkler and tap splitters.  Toro believed the study would find drip irrigation 
reduces water consumption as they have tested their products on a larger scale.  
However, they were interested to see how this translated to a small garden. 
 
Wingecarribee Shire Council loaned two domestic water meters to enable water 
consumption to be measured.  The water meters measured water delivery in litres. 
 
The Resource Recovery Centre at Moss Vale (Wingecarribee Shire Council’s waste 
management facility) provided the site, border materials and screened mulch that was 
used as the bedding material.   
 
The Resource Recovery Centre (RRC) was interested in hosting the trial as it has a 
very strong ethos of environmental management and education.  The RRC has 
reduced much of the traditional “tip” activities.  Most “waste” is sorted and reused.  
Scrap building materials are separated and sold.  Green waste is converted to mulch 
and sold back to residents.  There is also a thriving second hand “Reviva” shop using 
goods recovered from the waste stream. 
 
Andy Carnahan is the initiator of the trial.  Andy is a keen home gardener and 
believes every backyard should have a vegetable garden.  He sees the vegetable patch 
as a natural place of worship.  It re-connects us with our food source, teaches us 
patience and reminds us of our place in the world.  This is true for adults and children. 
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Setting up 
 
The trial aimed to test the water consumption of two garden beds set up the same with 
the only difference being the way water was delivered to the beds.  Two small beds, 
side-by-side could be managed in this ay. 
 
The site at the Resource Recovery Centre was chosen to provide equal sunshine to 
both gardens.  Vegetable gardens require full sun for good crop yields. 
 
The site was located in front a large bank, providing shelter from prevailing south-
westerly winds.  The gardens were located side by side with the overhead garden to 
the east to reduce wind spray onto the drip bed (see Appendix Three for a diagram of 
the layout). 
 
The border was made of concrete sleepers 2400mm long.  Two squares were made 
giving an area of about six square metres per bed. 
 
Because there was coarse mulch and no soil below the beds, a standard “no-dig” 
garden bed was prepared.  Newspaper several sheets thick was laid down, with 
dynamic lifter (natural fertiliser) on top.  This was watered then finely screened mulch 
was used as soil.  The mulch was well matured, but still warm, indicating it was not 
completely matured. 
 
Lucerne mulch was laid on top of the beds to retain moisture. 
 
 
The site at the RRC looking 
south to the wind break 
slope. 
 
 
Photo showing the two 
beds on 29 October with 
screened mulch in place 
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The Watering system 
 
The watering system comprised of two measured delivery paths, one for the overhead 
sprinkler, and the other for the drip irrigation. 
 
Photo showing drip tubing (bulge is 
dripper) 
 
The drip irrigation was Pope Drip-Eze 
4mm tubing.  The Drip-Eze product 
comes with drippers built into the tube 
every 100mm.  Each dripper is set to 
deliver two litres of water per hour.  
Four rows were used, with the 4mm 
tubing connected by 13mm black tubing. 
  
Photo showing sprinkler 
 
A square sprinkler was required as the 
beds were square.  Square patterns are 
difficult to create very even distribution, 
but the sprinkler was adequate for the 
trial and by adjusting the water pressure 
the correct size for the bed was possible. 
 
As the overhead garden grew, the 
sprinkler was elevated to ensure all of 
the garden received water. 

 

 
 
The metering and timing system was fairly challenging. 
 
Fitting the two systems into a neat arrangement that did not leak took some time and a 
lot of teflon tape.  Initially the timers were set to deliver 30 minutes per day (24 
hours) to the overhead and 90 minutes per day to the drip system. 
 
The watering system provided a number of challenges during the trial.  The first was 
that timers failed to turn on.  Batteries were replaced and the timers tested OK, but the 
water consumption figures indicated they were not turning on.  The likely cause was 
overpressure on the water inlet to the timers jamming them closed.  The timers were 
replaced and a pressure reduction valve was placed in front of the timers.  This solved 
the problem. 
 
One good design feature of the timers was that they failed close.  This is much better 
than failing open and coming back to a flooded garden. 
 
Batteries were replaced midway through the trial as a precaution after one timer did 
not function correctly. 
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Photo showing water 
delivery/measuring method. 
 
Water comes from tap (later with 
pressure reducer) and is split into two 
channels. 
 
D (on left) is drip.  Feeds into water 
meter (copper cylinder) then timer (with 
two orange buttons) then pressure 
reducer (black cylinder) then out to 
garden. 
 
O (on right) is overhead.  Feeds into 
water meter, then timer. 
 
Considering all the joins, it was 
fortunate it did not leak except when an 
adjustment was made in haste and not 
noticed as the timer was off at the time. 

 

Photo showing splitter for two paths 
 
These taps were used to set the water 
pressure for both systems.  The drip (on 
left) is set slightly less than the 
overhead. 

 
Photo showing close-up of water meter 
 
The water meters were very simple and 
accurate.  Without the meter only very 
rough estimates would have been 
possible.  The meters also indicated 
when there were problems with the 
timers as the water consumption would 
be inconsistent with other periods. 
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Photo showing close up of timer 
 
The timers were simple but effective.  
The only problem was setting them to 
come on at a certain time.  During water 
restrictions it is important to have the 
system turn on within the period 
allowable (usually in the evening or 
early morning). 

 
Photo showing close-up of tap. 
 
Black spacer is pressure reducer, 
necessary to keep timers operating 
correctly.  White hose is high pressure 
hose used for washing machine 
connections. 
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Hoses running from meter/timer system 
out to garden beds. 
 
The hose on the surface may have 
affected drip watering on very hot days 
as the hose would have acted as a solar 
hot water heater due to the slow water 
delivery 

 
 

Planting 
 
Four rows were created.  Capsicum seedlings were in the front row, followed by bush 
beans.  Roma tomato seedlings were planted in the third row and a local sweet corn 
planted in the rear.  They were planted shortest to tallest to ensure maximum sun for 
all the plants. 
 
 
The planted out beds on 19 November. 
 
Drip in front, overhead at rear. 
 
Lucerne mulch on top to hold in 
moisture. 
 
From front capsicum, bean seeds (not 
visible) tomatoes (staked) and corn 
seeds (not visible) 

 
 
The crops were used to compare growth.  Saving water is a good aim, but if there is 
not a comparable crop from a water saving garden then there is little point in creating 
it. 
 
The capsicums were disappointing in both beds.  As they were at the front of the 
garden they received the most sunlight but they failed to thrive.  The capsicums in 
both beds died.  Heat stress is the most likely explanation for their failure.  They were 
replaced. 
 
The beans grew well in both beds to the point of harvest of both green eating beans 
and dried beans for seed.  The growth in the overhead garden was more lush.  The 
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growth in the drip garden was uneven, with good growth on both sides and poor 
growth in the centre of the bed.  At one stage the plants were going yellow.  Several 
attempts were made to correct this.  Possibly it was due to nitrogen drawdown from 
the not-quite-mature mulch being used as soil.  Liquid fertiliser was applied to both 
beds (to be consistent), but there was not great improvement.  It was also possible that 
the heatwave over Christmas/New Year burnt the plants.  The overhead watering 
would have cooled the plant body, whereas the drip irrigation only cooled the roots.  
It is also possible that the water being delivered by the drip system heated up during 
delivery and the hoses were not buried and the water travelled about 18 metres to the 
bed.  Once the weather cooled off the beans came back.  Over the course of the whole 
trial the yield was fairly similar. 
 
The tomatoes did well in both beds.  The plants in the overhead garden were far more 
lush with much larger leaves.  The plants in the drip garden were smaller but as the 
weather cooled down they fruited prolifically.  The crop from the drip garden was 
greater than the crop from the overhead garden. 
 
The corn grew best in the overhead garden.  The plants were taller and the cobs were 
fuller.  Both beds produced tasty corn with good fertility, but the corn in the overhead 
garden was overall larger. 
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Diary of the Trial 
 
Ideally, gardening starts in Spring with planting.  The measuring part of the trial did 
not get properly underway with consistent measuring until December.   
 
October was the initial setup of the garden and the water measuring system. 
 
November was planting and adjusting/tuning the watering systems.  The measuring 
system became reliable in December. 
 

October 
 
The plan for the garden was agreed with the Resource Recovery Centre.  A site was 
chosen and concrete sleepers for borders were positioned. 
 
 
The site at the Resource Recovery 
Centre. 
 
The photo was taken mid October 
in the afternoon.   
 
By summer, the shadow on the 
right had gone as the sun moved 
higher in the sky 

 
23 October – concrete sleepers 
arrive – moved by machine, not 
human! 
 
The sleepers were “seconds” from 
the factory and are used widely at 
the RRC as borders. 
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29 October – “no-dig” 
preparation. 
 
Newspaper laid down and soaked 
 
Pellets of dynamic lifter spread on 
top. 

 
29 October – big machines make 
light work! 
 
 
The garden bed going in – “no 
shovel” thanks to a large loader. 
 
Mulch is composted at Resource 
Recovery Centre from Green 
Waste and sold.  Notice the steam 
(not dust) coming off the mulch as 
it is not fully decomposed. 

 

29 October 
 
The beds raked out, ready for 
planting. 

 
 
 

November 
 
November was the month for setting up and tuning the watering system. 
 
The beds were laid and planted.  Seedlings were used for capsicums and tomatoes. 
 
Both capsicums and tomatoes are frost sensitive and seedlings get the garden growing 
and harvesting earlier than planting seeds. 
 
Beans and corn do not transplant well and grow easily from seed. 
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The garden was planted out 19 November.  A layer of spoiled Lucerne was placed 
over the beds and the watering systems installed.  The drip irrigation system (Drip-
Eze) has the drip holes already installed in the tube making installation very quick. 
 
The watering system was initially set to deliver 90 minutes of water every 24 hours to 
the drip garden and 30 minutes of water every 24 hours to the overhead garden. 
 
The overhead sprinkler was delivering around 450 litres in the 30 minutes.  The drip 
system was delivering around 100 litres in the 90 minutes. 
 
The drip system was adjusted a number of times during the trial by changing the 
delivery from a 24 hour cycle to a 12 hour cycle.  The overhead cycle was not 
adjusted during the trial. 
 
 
9 November - laying out the 
lucerne mulch. 
 
Spoiled Lucerne is very good for 
mulch as it comes apart in layers – 
this makes it sit well and not blow 
away in winds. 
 
It is also easy to create rows for 
the garden beds in the lucerne 
mulch.  
19 November - the gardens laid 
out and planted. 
 
 
Capsicums in the front, then beans 
(seeds), tomatoes (staked) and 
corn (seeds). 
 
The overhead sprinkler can seen 
operating at the rear.  It was 
adjusted to minimise overspray.  
26 November - signage erected to 
explain the purpose of the trial 
 
The site of the trial was near the 
RRC’s Reviva second-hand shop 
so it attracted interest from 
shoppers. 
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December 
 
Measurement of water consumption begins in earnest.  Problems with the timers were 
apparent in the early part of December.  Both timers were replaced and a pressure 
reducer was placed on the tap to assist with the operation of the timer mechanism.  
The pressure reducer resolved the problem and is recommended where automatic 
timers are used. 
 
The timer for the drip garden was replaced on 15 December and the water in the drip 
was increased to 90 minutes every 12 hours to let the drip garden “catch up”.  This 
was set back to every 24 hours a week later, but with the heat in late December, was 
set back to a 12 hour cycle on 28 December.  As mentioned earlier, even this was not 
enough in the heat. 
 
 
14 December - the drip 
garden. 
 
Beans, tomatoes and corn 
doing well.   
 
Capsicum at front not looking 
too well. 

 
14 December - overhead 
garden 
 
Growth on tomatoes and corn a 
little better than drip (above). 
 
Beans slightly yellow. 
 
Capsicum not doing very well. 

 
 
 

January 
 
New Year’s Day was a record temperature in many parts of NSW.  The temperature 
reached over 40 degrees. 
 
The drip irrigation garden suffered in this heat.  The Resource Recovery Centre was 
closed for a number of days of Christmas/New Year making visiting the site not 
possible.   
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The overhead watering bed was receiving water to the leaves as well as the soil.  The 
30 minutes per 24 hour period kept the overhead garden healthy during the intense 
heat. 
 
When the garden was checked on January 4, the drip garden was stressed.  The drip 
watering frequency was increased from 90 minutes every 24 hours to 90 minutes 
every 12 hours. 
 
This did not improve the drip garden and liquid fertiliser was added in case there was 
a deficiency in the soil.  This seemed unlikely as the overhead garden did not have the 
same problem. 
 
I concluded that this was the result of heat stress, and in periods of very hot weather, 
the drip system may not be able to provide enough moisture to the plant via the roots.   
 
Close monitoring is required of the drip garden (or any garden in hot weather).  The 
drip garden should be supplemented with overhead watering during this period.  Had 
this occurred, the drip garden in the trial would have performed much better for the 
cost of a few hundred litres of water extra per day. 
 
 
January 22 - drip Garden 
 
Beans are better on the sides, tomatoes 
and corn look a little scrawny compared 
to overhead garden. 

 
January 22 - overhead garden 
 
Beans looking lush, more greenery on 
tomatoes and corn. 
 
Overhead watering makes a difference 
in very hot periods. 
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February 
 
The watering system was working reliably.  My concern was with the uneven growth 
of the gardens as this was the intended control of the study.  The following photos 
show the drip garden recovering from the stress of late December/January 
 

 
From rear - Overhead garden 8 Feb 
looking lush 

From rear - Drip garden 8 Feb looking 
dried out 

  

 
From front – Overhead garden 22 Feb From Front – Drip garden 22 Feb.  

Both gardens looking fairly even 
 
 
On one hot period, the drip system was interrupted and a hand held sprinkler (attached 
to the drip measure line) was used to provide overhead watering to the drip garden.  
This would be done in future trials as it appears clear that plants are unable to take up 
sufficient water in extreme heat. 
 

March 
 
The garden was monitored and water consumption recorded on a weekly basis.  Corn, 
beans and tomatoes were harvested.  The exact quantity was not measured.  The corn 
from the overhead garden was larger and there were more beans earlier from the 
overhead garden.  The beans on the drip garden harvested later.  The drip garden had 
a greater quantity of fruit on the tomato bushes. 
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There was a very small leak in the join of the hose to the timer.  The connection was 
tightened but not noticed as the water delivery was off.  The next week it was obvious 
that tightening one part had loosened another and over 1,000 litres of water had 
leaked over the period.  Two lessons were apparent.  The leak fix was not tested under 
pressure and a lot can happen in a week with an automatic system. 
 
March – both gardens doing well 
 
Healthy tomatoes evident in both gardens, 
beans in the overhead garden (rear) going 
yellow as they have finished cropping. 
 
Good corn can be seen in overhead garden 
 
 

 
 

April 
 
April 5 was the last recording of the study.  By now the beans and corn had finished 
and were harvested for seed. 
 
Tomatoes were still prolific and will be harvested until frosts come. 
 
An interesting observation was made about the soil in the beds.  At the start of the 
trial the soil had been quite young and was still composting.  At the end of the trial the 
lucerne mulch in the overhead bed had almost totally broken down.  In the drip bed 
the mulch was still thick.  When the mulch was pulled back the underlying soil was 
full of earthworms, was moist and had a very pleasant smell. 
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5 April – drip garden 
 
End of the trial 
 
Beans have finished and are being 
kept for seed. 
 
Tomatoes still prolific. 
 
One struggling capsicum plant 
survives at the front.  
5 April – overhead garden 
 
End of the trial 
 
 
Beans have been pulled up.  
Tomatoes still plenty of leaf 
growth, but not much fruit. 
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5 April 
 
Bunch of tomatoes from drip 
garden. 
 
Very heavy cropping 

 
20 April – soil structure 
 
The drip bed showing very good 
soil structure underneath the 
mulch layer.  The original soil is 
well broken down and full of 
earthworms. 

 
20 April – soil structure 
 
Photo of overhead shows most 
lucerne has gone and underlying 
soil is not as well composted.  
There are no worms visible. 
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Conclusions 
 
Water consumption was recorded generally on a weekly basis.  The weekly water 
consumption is shown in Appendix One.  Drip irrigation used about 175 litres per day 
and the overhead sprinkler used about 460 litres per day.  The Drip timer was set for 
90 minutes per day, and increased to 90 minutes every 12 hours in the peak of 
summer.  The overhead was a stable 30 minutes every day. 
 
Over the period of the trial Drip used 40% of the water of the Overhead.  If the garden 
was closely monitored this amount would have been slightly more as on the hot days 
the drip garden would have received some overhead watering.  
 
The trial was low maintenance.  The well mulched beds required almost no weeding 
and the crops chosen were easy to grow.  It would have been useful to see the gardens 
on a daily basis, even though the timers were automating the watering process.  
Gardening is not an automatic process, and most of us garden because we like 
involved in the process, rather than to “set and forget”.  The failure of the capsicums 
could be linked to the infrequent visits to the garden, and being the front plants they 
may have received too much sun and heat on the soil and roots. 
 
The cost of the water for the trial is still cheap.  Each thousand litres of water is about 
a dollar.  The Drip garden used twenty dollars worth of water.  The Overhead garden 
used fifty seven dollars worth of water.  The value of the produce would have greater 
than the cost of the drip water, but not the overhead water.  Each bed yielded around 
two kilos of beans and five kilos of tomatoes and ten cobs of corn.  The shop price of 
this would be about thirty dollars.  This asks another question about the value we 
place on fresh food.  The huge economies of scale have brought us cheaper produce 
than we can grow ourselves but there are very significant environmental costs tied up 
in this.  As an example, the cost of a 440 gram of organic tomatoes from Italy is about 
a dollar.  Consider all the infrastructure to get those tomatoes into tins and to the 
supermarket in Bowral.  But that is another story. 
 
The water timers needed some TLC.  Mains water pressure did not agree with them.  
The timers said to use pressure reducers when the water pressure was over 1000kpa.  
The pressure from the tap was less than that (about 650kpa) but the timers would jam 
closed from pressure build up.  The water meters have a non-return valve and may 
have created a very high pressure area between the meter and the timer.  When the 
timers tried to open the valve the cogs on the timer would grind and slip.  Adding a 
pressure reducer between the tap and the timers solved the problem.  The timers were 
damaged by the problem and were replaced. 
 
As mentioned in places in this report, having proved that drip irrigations does reduce 
water consumption dramatically, overhead watering must be used to protect the 
garden in heatwaves. 
 
As surprise conclusion was made after the trial.  At the start of the trial young fine 
mulch was used as the soil base.  By the end of the trial the mulch (now soil) was 
examined.  In the overhead bed the soil was still noticeably a mix of soil and mulch.  
The lucerne mulch has also broken down and the top soil looked barren.  The 
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conclusion is that the overhead watering compacted and accelerated the breakdown of 
the protective lucerne mulch.  As a result there was little evidence of invertebrates.   
 
By contrast, the drip garden still had a thick protective layer of lucerne mulch.  
Underneath the lucerne layer was sweet-smelling soil, rich in decay activity.  
Earthworms were abundant and other invertebrates such as slaters were also present.  
It is apparent that the drip irrigation protects the top mulch layer which in turn enables 
far better soil conditioning. 
 
The plants chosen were fairly suitable for the trial.  Cucumbers may have been better 
in the front row as the mass of the plant may protect the soil moisture.  Capsicums 
have little spreading so the surrounding soil may dry out faster.  Corn was a better 
choice for the overhead watering as it is a very demanding plant in terms of nutrient 
and water requirement.  The beans and tomatoes were very well suited for the trial, as 
evidenced by their heavy cropping. 
 
A summary of the conclusions is: 
 

1. The garden trial succeeded in showing that drip irrigation uses a great deal 
less water than overhead watering.  Drip irrigation uses one litre for every 
three litres used by overhead watering. 

2. In periods of very hot weather, drip irrigation must be supplemented by 
overhead watering to provide moisture and coolness to the leaves and 
upper parts of the plants. 

3. Automatic watering systems need to be monitored.  Checking them weekly 
is not really practical for a garden as a garden can die or become severely 
stressed in that period. 

4. Pressure reducers should be installed between taps and timers.  If the timer 
is left connected to a pressurised tap, the pressure build-up can cause the 
mechanism to malfunction. 

5. The Toro Drip-eze drip irrigation pipe worked well.  It was easy to install 
and gave consistent water to the plants. 

6. Drip irrigation delivers water slowly.  The 18 metre hose from the timer to 
the drip bed may have warmed up in very hot weather and burnt the roots 
of the plant.  The hose would have been better buried or covered. 

7. Some plants may do better with overhead watering and others do better 
with drip irrigation.  Very heavy feeding plants such as corn may require 
more water than lighter feeding plants such as beans.  Tomatoes may do 
better in drip irrigated beds as the lack of water stresses the plant to 
produce fruit rather than green growth. 

8. Lucerne mulch is broken down much more rapidly by overhead watering.  
Drip irrigation provides water to the soil and does not degrade the lucerne 
mulch.  The protection given by the thick layer of mulch assists in the 
development of a rich and fertile soil below the mulch. 
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Appendix One – Watering Results Table 
 
Table below shows weekly consumption of water during the trial.  It also shows 
rainfall.  Rainfall is not very accurate as it was measured weekly and some would 
evaporate from the gauge. 
 
The measured trial was for 126 days.  The bottom rows show the average daily water 
consumption. 
 
 
 
Consumption by 
week 

   

 Drip Sprinkler Rainfall Notes 

 (litres) (litres) (mm)  

30-Nov 0 0 25 Replaced meter for overhead 

7-Dec 327 1914 29 First true results 

14-Dec 52 1794 0 replaced meter for drip - set drip to 90 minutes every 12 
hours to catch up 

21-Dec 807 2468 0 added pressure reducer to tap (300kpa) and reset 
pressure 

28-Dec 746 4289 6 set timer for drip back to every 24 hours from every 12 

4-Jan 1343 3681 0 Very hot weather drip garden yellowing/wilting 

11-Jan 1385 3679 5 drip still looking weak/yellow in the middle 

18-Jan 1374 3404 15  

25-Jan 1217 3314 8  

1-Feb 1234 3707 0  

8-Feb 1314 3076 0  

15-Feb 1970 3594 1 increase drip timer timer 

22-Feb 1496 3578 15  

1-Mar 1271 4021 25  

8-Mar 1285 3006 0 Both gardens looking good 

15-Mar 2485 3603 4 Drip timer leaking 1,000 litres wasted! 

22-Mar 1380 3688 12  

29-Mar 1115 3171 5  

5-Apr 1363 1805 4 End of trial 

     

Total 22164 57792 154  

days avg avg   

126.00 175.90 458.67  Drip used 38% of the water that overhead used 
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Appendix Two - Garden layout for water consumption trial 
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