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EVALUATION OF HYDROPONIC LETTUCE GROWTH, 
DEVELOPMENT, QUALITY, MINERAL UPTAKE AND XYLEM 
CONDUCTANCE IN BORE AND RAIN WATER AS 
INFLUENCED BY THE HYDROSMART TECHNOLOGY 

 
 

1.0  INTRODUCTION 
The Hydrosmart water conditioner units use a series of computer generated resonance 
frequencies to disrupt electron polarity.  The resonance frequencies are focussed in the flow 
of water, via antennae wound in tight coils around the treated water pipe.  The HydroSmart 
technology is well known for its ability to treat hard water sources, breaking down and 
preventing lime scale formation.    Horticultural producers who have HydroSmart units 
installed have commented that the units appear to give some degree of increased growth 
under irrigation with high salinity bore water and that growth benefits have occurred.    The 
objective of this trial was to quantify any growth benefits under both saline and high quality 
water sources and determine if the HydrosSmart units have an effect on tipburn in lettuce. 
 
Tipburn is a physiological condition, mostly seen in lettuce and other leaf vegetable crops 
growing under certain environmental conditions.  High humidity which restricts plant 
transpiration also slows the transport of calcium through the xylem vessels and this, when 
combined with fast growth due to warm temperatures, results in a localised calcium deficiency 
in the tips of the leaves.  Hearting lettuce such as butter head and romaine are more prone to 
tipburn as the dense formation of leaves in the centre of the plant further restricts transpiration 
and calcium flow to the leaf tips.  It is also suspected that other calcium related disorders such 
as bitter pit in apples may be partially attributed to slight blockages in the xylem vessels which 
further restrict calcium flow within the plant.  Any condition or treatment which assists in 
maintaining a good rate of transpiration in lettuce and other hydroponic crops tends to reduce 
the severity of tipburn, this includes the use of increased air flow and humidity reduction.   
  
High mineral, `hardô and saline bore water sources can cause crop damage, loss in yields and 
physiological growth disorders in a wide range of crops.  In hydroponics, particularly NFT 
(Nutrient film technique) high quality, low mineral water sources are vital for lettuce 
production.  Lettuce is highly sensitive to salinity and high EC in the nutrient solution which 
results in reduced growth and severe burn of the foliage.   
 
 

2.0  OBJECTIVES 
To determine the effect of the Hydrosmart units on two successive crops of 
hydroponic lettuce growth in both rain and bore water based, NFT systems, by 
assessment of variables which included:  total and marketable yield, examination of 
xylem conductance with use of a dye test, effect on nutrient composition,  foliar 
mineral levels, colour intensity of red lettuce severity of foliar tip burn (season 
dependant) and plant bolting (season dependant).   
 
 

3.0 TREATMENTS: 
Nutrient solutions (x4) were applied with the following treatments. 
 

i..  Bore water control (minus HYDROSMART) on standard lettuce formulation 
ii.  Bore water + HYDROSMART on standard lettuce formulation 
iii.  Rain water (minus HYDROSMART) on standard lettuce formulation 
iv.  Rain water + HYDROSMART on standard lettuce formulation 
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3.1  Water sources 
The rain water used in this trial was collected from the greenhouse roof and was considered 
to be low mineral, high quality with a pH of 7.1, thus suitable for hydroponic lettuce 
production.   
 
The bore water used to make up the hydroponic nutrient solution was formulated to replicate 
a moderately severe, `hardô,  high salinity water source and was based on an actual bore 
water analyses from the Capertee Valley, Australia which was classified as being unsuitable 
for irrigation (see Appendix 1 for bore water composition).  This bore water had a TDS of 
3,900 g/m

3
, and EC of 582 mS/m

3
 and total sodium levels of 1,150 g/m

3
 and would be 

considered  unusable for hydroponic lettuce production.  Both water sources were treated 
with UV sterilisation before making up the nutrient solutions. 
 
3.2  Crops 
Two successive crops run over winter-early spring and mid-late spring seasons in an 
unheated, naturally ventilated greenhouse, with two cultivars, green butterhead (cultivar 
`Buttercrunchô) which is a tip burn susceptible cultivar and red Lolla Rossa (cultivar `Solsun 
Red Frillô).  The winter crop (Planting 1) was sown on 22 June and harvested on 29 
September 2010.  The spring crop (Planting 2) was sown on 16 September and harvested on 
5 November 2010. 
 
 

4.0  MATERIALS AND METHODS 
Seeds of both cultivars were sown into standard Grodan rockwool propagation cubes and 
given a dilute nutrient solution (distilled water + hydroponic nutrients) for the first 3 weeks of 
growth.  Seedlings of both varieties were then transplanted into the 4  NFT systems each with 
3 channels containing 16 planting sites..    Each of the 4 treatment NFT systems consisted of 
separate tanks, pump, channels and return pipes to isolate treatment solutions.    A minimum 
of 30 plants per treatment per planting was grown and varieties with susceptibility to tip burn 
and bolting were deliberately selected.    On the rainwater and bore water Hydrosmart treated 
systems, 2 separate Hydrosmart units were installed as pre-wound pipe inserts on the 
irrigation feed lines and the presence of EMF (electro-magnetic fields) were tested for using a 
Trifield meter.  Pre wound pipes were a sufficient distance from all electro magnetic 
interference including the nutrient solution pumps.  Pumps and tanks were positioned some 
distance back from the NFT systems to ensure no interference from EMFs occurred. 
 
During plant growth, the EC and pH of each treatment solution was monitored and adjusted 
as required.  Nutrient tanks were topped up with either rain water or pre prepared bore water 
as required to maintain a suitable volume, nutrient stock solution (Appendix 2) was then 
added to make up and EC of 1.8 mScm

-1
 in the rainwater treatment tanks and an EC of at 

least  6.0 in the bore water tanks.  This ensured that both rainwater and bore water nutrient 
solutions had sufficient reserves of essential elements for growth and development.   A 
complete nutrient solution analysis (Hill labs Ltd, Hamilton NZ) was carried out twice during 
each crop cycle (Appendix 5).  A complete foliar analysis was carried out  at trial completion 
(Hill labs Ltd, NZ).    Filters were installed on all NFT systems as the minerals in the bore 
water had the potential to cause emitter blockages, filters were checked and cleaned as 
required. 
 
During crop growth any differences in plant visual appearance was noted and the early stages 
of tipburn were assessed during mid and later growth development.  Tipburn was assessed 
using a graded photographic scale (Appendix 3) from `0-5ô with a score of `0ô being no visible 
tipburn and `5ô being severe deformity and burn.   A xylem dye conductance test was carried 
out mid way through growth during planting 2.  Samples of the green butter head variety in 
the rainwater treatments were taken from the NFT systems with roots intact and placed into 
jars of red dye and left overnight.  The amount of red colouration in the leaf tissue and leaf 
tips from each treatment was recorded the following day. 
 
Once the crop was mature, plants were harvested and assessed for fresh weight,  tipburn, 
bolting, colour  on the red variety (Appendix 4), marketability and any other physiological 
disorders.  Foliage samples were collected from each variety in the rainwater treatment for 
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foliar analysis.  Foliar samples could not be collected from the bore water treatment as the 
bore water control crop had insufficient live plants at the time of harvest. 

 
 
5.0  RESULTS AND DISCUSSION 
 

5.1 Trial observations 
 
5.1.1  Planting one ï mid winter to early spring  
Initially, for the first week after planting the seedlings into the treatment systems there were 
no visible differences in plant size or development.  However by 1 September notable 
differences in growth had occurred with the control bore water treatment being stunted and 
developing tipburn in the green butter head variety.  By 5 September plant death was 
occurring in the bore water control treatment in both varieties with the red lollo rossa cultivar 
being more severely affected.  The bore water + Hydrosmart treatment was also showing 
some slight tipburn at this stage, however plants in this treatment were larger than those in 
the bore water control.  There was no visible difference between the rain water and rainwater 
+ Hydrosmart treatments at this stage. 
 
Towards the end of planting one, by 27 September all the control bore water plants in both 
varieties were dead due to salinity damage.  Die back had started less than 2 weeks after 
planting out while still at a small stage of development.  Salinity die back occurred later in the 
red variety than in the green butter head cultivar.  The bore water + Hydrosmart treatment still 
had the majority of plants alive, however most of the green butter head cultivar had severe 
tipburn and were not marketable.  The Bore water + Hydrosmart  treatment with the red 
variety resulted in a higher survival rate although plants were smaller and darker in colour 
than the rainwater treatments, with some tipburn developing.  The rainwater control and 
rainwater + Hydrosmart treatments had healthy, rapidly growing plants which started to 
develop very slight tipburn on the butter head variety largely in the rainwater control plants by 
this stage.  No tipburn was seen in either rainwater treatment for the red variety. 

 
5.1.2  Planting two ï mid to late spring 
Results and observations for planting two were similar to planting one.  The bore water 
control treatment had noticeably smaller plants with some plant deaths in both varieties by 18 
October.  Towards the end of the trial most of the bore water plants were dead, while a few, 
very stunted plants survived until harvest.  Most of the bore water + Hydrosmart treatment 
plants survived to harvest, although plant size was small and severe tipburn developed on the 
green butter head variety.  This was a more rapidly developing crop than planting one as light 
and temperature levels in spring where higher than the winter grown crop. 
 

5.1.3  Filters and tanks 
During the course of both plantings it was noted that the bore water treatment solutions had a 
large amount of white sediment (calcium precipitation) which formed on the base of the 
nutrient tanks, however less sediment was seen in the Hydrosmart treatment tank in the first 
week of each planting date.  The inline filters in the Hydrosmart treatments also remained 
clearer than the control treatments with the control bore water solution depositing large 
amounts of white sediment on the filter which required regular cleaning. 
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Trial set up, each channel 
ran a different treatment 
solution, with 3 replications 
of each treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

5.1.4  Effect on EC, pH and solution composition 
EC (electrical conductivity) and pH was measured and adjusted in all treatment nutrient 
solution tanks during the course of both plantings.  There was no difference in pH or EC over 
time between the rainwater treatment tanks, both were maintained by topping up with 
rainwater 1-3 times a week and adding nutrient stock solution to an EC of at least 1.8.  pH 
slowing increased over time which is normal in NFT systems, and was adjusted down each 
week to a pH of 6.0 with the addition of dilute phosphoric acid.  The bore water treatment 
tanks started out initially maintaining the same level of EC and requiring a similar amount of 
top up water each week, however by the second and third weeks of growth the bore water + 
Hydrosmart tank was requiring more water to bring the volume back up and hence greater 
additions of nutrient stock solution.  This was due to the fact that the bore water control plants 
had largely stopped growing and were dieing back, hence not using as much water as the 
other treatments.   The pH in the bore water treatments initially started high as the make up of 
the bore water formulation containing large amounts of calcium carbonate and sodium 
bicarbonate resulted in an initial pH of 8.5.  pH levels in the bore water systems rapidly 
increased to 9-9.5 over time in both bore water treatments and these were adjusted down to 
6.5 with phosphoric acid on a weekly basis.  However it was noted that after acid addition, the 
bore water + Hydrosmart treatmentt had a slower rate of pH increase over time and required 
less acid to bring the pH down each week.   
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5.2    Effect on mid trial tipburn development 
Tipburn was assessed mid trial, firstly when plants were approximately half grown and again 
a week before harvest.  This was in order to note any differences in the onset of tipburn 
symptoms  in each treatment.  Figure 1 and 2 show tipburn development by treatment on the 
green butterhead variety for both plantings which showed a similar trend of the bore water 
only treatment developing severe tipburn early on during the growth stage (before plant 
death).  A score of `0ô indicated no visible tipburn while a score of 5 indicated very severe 
burn and damage.  While the Bore+Hydrosmart treatment also developed tipburn, this was 
slower to occur and less severe than the bore water only treatment.  Some slight tipburn 
developed on the rain water treatments towards the final assessment date. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1.    Tipburn development on green butterhead mid trial planting 1. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2  Tipburn development on green butterhead mid trial planting 2. 
 



 8 

Lolla Rossa Planting 2
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Bore+HS Rain+HS Bore Rain

Treatment

T
ip

b
u

rn
 s

e
v

e
ri

ty

First Assessment Second Assessment

Figure 3 and 4 show tipburn development during planting 1 and 2 for the red Lolla Rossa 
variety.  This variety developed less tipburn over the course of the trial overall, with no tipburn 
seen on either rain water treatment in the winter crop (planting 1). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.   Tipburn development on the red variety, mid trial for planting 1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Tipburn development on the red variety, mid trial for planting 2. 
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Incidence of Tipburn in Butterhead - Planting 1
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5.3  Effect on final tipburn and bolting development 
At harvest tipburn was assessed on all plants and graded on a scale of 0-5, results for the 
green butter head variety in plantings 1 and 2 are shown below (Figure 5 and 6).  No data 
was recorded for the bore water only treatment in planting 1 as the plants had died and been 
removed from the system before the final harvest.  In planting 2, there was a small sample of 
plants in the bore water treatment which had survived, although these were severely stunted 
with foliage desiccation.  Both planting dates showed a similar overall trend with severe 
tipburn (or plant death) on the bore water treatments and slight to moderate levels of tipburn 
on the rain water treatments.  In both plantings, the Rain + Hydrosmart treatment resulted in 
significantly less tipburn severity on the green butterhead variety, however tipburn did occur in 
all treatments.  No bolting (pre-mature formation of a flower stalk) was found in any treatment 
or planting date. 
 

 
Figure 5.  Incidence of Tipburn in green buttherhead planting1. 
 

Incidence of Tipburn in Butterhead Planting 2
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Figure 6.  Incidence of tipburn in green butterhead planting 2. 
 
 



 10 

 
The red lolla rossa variety developed less tipburn than the green buterhead type, however the 
salinity induced by the bore water treatments did lead to significant levels of severe tipburn 
(Figure 7 and 8 below).  There were significant differences in the severity of tipburn between 
the rainwater control treatment and the Hydrosmart rainwater treatment with no tipburn 
recorded in the Rain + Hydrosmart treatment in the winter planting (planting 1).  There was no 
data in planting 1 for the bore water only treatment due to widespread plant death, in planting 
2, a few plants survived until trial completion in this treatment. 
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Figure 7.    Incidence of Tipburn in Lolla Rossa Planting 1 
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Figure 8.   Incidence of Tipburn in Lolla Rossa Planting 2 
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5.4  Yields ï fresh weight  
Figure 9 and 10 below show the final fresh weight for the greenhouse butter head variety for 
both planting dates.  No data was obtained in planting 1 in the bore water treatment due to all 
plants dieing before trial completion, in planting 2, only a few plants survived until harvest.   
There were significant differences in fresh weight between all treatments with surviving plants 
in both planting dates, with the bore water treatments having significantly lower weights than 
the rain water treatments.  The Rainwater + Hydrosmart treatment had a greater head weight 
than the rain water only treatment, and this was more pronounced in planting1. 
 
 

 
Appearance differences between treatments in green buttherhead 
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Appearance differences between treatments in red lolla rossa 
 

 
 
Differences between bore water+ HydroSmart treatment and bore water only treatment. 
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Figure 9.    Fresh weight of butterhead planting 1. 
 
 

 
Figure 10.  Fresh weight of butterhead planting 2. 
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Fresh Weight Lolla Rossa Planting 1
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Figure 11. and 12. below show the final fresh weight by treatment for the red Lolla Rossa 
variety.   No data was obtained for the bore water only treatment in planting 1 due to salinity 
induced plant die back, a small number of plants survived in this treatment in planting 2.   In 
planting 1 there was a significant difference between the Bore+ Hydrosmart treatment and the 
two rain water treatments, however no significant difference in fresh weight existed between 
the rain water control and rainwater + Hydrosmart treatment.  In Planting 2 there were 
significant differences in fresh weight between all four treatments.  Overall plant fresh weight 
was higher in planting 2 due to improved growing conditions of early-mid spring including 
warmer temperatures and higher light. 
 
 
 

Figure 11.   Fresh Weight for Lolla Rossa Planting 1. 
 
 

Figure 12.  Fresh Weight for Lolla Rossa Planting 2. 
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Marketability of Butterhead - Planting 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Bore+HS Rain+HS Bore Rain

Treatment

No DATA

Marketability of Butterhead Planting 2
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5.5  Marketability 
Figure 13 and 14 show marketability scores for the green butterhead variety in planting 1 and 
2.  Higher values indicate a greater percentage of marketable plants.  The only reason for a 
loss in marketability during this trial was the presence of tipburn.  In both planting dates none 
of the bore water treatment plants were marketable due to both severe tipburn and a low 
head weight.  In planting 1 there was no significant difference in marketability between the 
rain water control and rain water + HydroSmart treatments, however in planting two the 
difference between these treatments was significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13   Marketability for Green Butterhead planting 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14  Marketability for Green Butterhead planting 2. 
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Marketability Lolla Rossa Planting 1
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Marketability Lolla Rossa Planting 2
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Figure 15 and 16 below show marketability scores for the red variety in planting 1 and 2.  In 
planting 1 there were significant differences between all treatments.  In planting 2 there were 
no marketable plants in both the bore water control and bore water + HydroSmart due to 
severe tipburn on surviving plants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15   Marketability in Red Lolla Rossa variety for planting 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16  Marketability in Red Lolla Rossa variety for planting 2. 
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Red Colouration of Lolla Rossa Planting 1
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5.6   Effect on red colour development 
Figures 17 and 18 show the intensity of red colouration on the Lolla Rossa variety at harvest 
for both planting dates.  Overall colouration was higher in planting 2 due to increased light in 
the spring period compared to the winter planting as light intensity is known to increase red 
pigment formation in lettuce foliage.  Plant stress such as salinity is also known to increase 
red colouration and this is the likely cause for the higher red colour scale readings in the bore 
water treatments.  The increased red colouration in the rain + Hydrosmart treatment as 
compared to the rain water control was more pronounced in the winter planting (Planting 1) 
when the plants were grown under lower light intensities. 
 
 
 

 
Figure 17.   Red colouration on Lolla Rossa variety Planting 1 
 

Red Colouration on Lolla Rossa Planting 2
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Figure 18.  Red Colouration on Lolla Rossa variety Planting 2. 
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5.7  Effect on foliar mineral levels 
 
Foliar samples were collected from both varieties for the rain water control and rain 
water + Hydrosmart treatment only.  No bore water treatment foliage samples could 
be collected due to most plants dying back during the course of the trial. 
 
 
Table 1.      Foliar mineral levels by treatment ï GREEN BUTTERHEAD 
 
   PLANTING ONE  PLANTING TWO 
Element    Rain  Rain+HS Rain   Rain+HS  
 
Nitrogen %  5.3  5.3  5.4  5.9 
Phosphorus %  0.97  1.00  0.88  0.93 
Potassium %  5.8  5.0  5.5  6.5 
Sulphur   %  0.30  0.31  0.31  0.33 
Calcium  %  1.02  1.06  1.12  1.22 
Magnesium %  0.35  0.45  0.46  0.54 
Sodium  %  0.20  0.43  0.11  0.23 
Iron    mg/Kg  138  137  117  117 
Manganese mg/Kg 123  99  130  136 
Zinc   mg/Kg  56  48  63  58 
Copper  mg/Kg  8  7  6  6 
Boron  mg/Kg  32  33  25  26 
 
The most notable trend in the green butterhead variety is the increase in foliar sodium levels 
in the rain+Hydrosmart foliage compared to the rain control sample.  Sodium level in the 
Hydrosmart treatment was approximately double that of the rain water control treatment, 
although sodium levels in all samples are still below levels considered toxic for lettuce.  All 
other values show no notable trends. 
 
 
Table 2.    Foliar mineral levels by treatment ï RED LOLLA ROSSA 
 
   PLANTING ONE  PLANTING TWO 
Element    Rain  Rain+HS Rain  Rain+HS 
 
Nitrogen %  4.6  4.0  4.3  3.7 
Phosphorus %  0.81  0.62  0.69  0.58 
Potassium %  3.0  5.9  4.1  6.0 
Sulphur   %  0.25  0.26  0.23  0.22 
Calcium  %  0.34  1.11  0.35  0.80 
Magnesium %  0.26  0.47  0.20  0.35 
Sodium  %  0.32  0.80  0.16  0.35 
Iron    mg/Kg  99  108  93  98 
Manganese mg/Kg 46  199  62  95 
Zinc   mg/Kg  59  39  51  36 
Copper  mg/Kg  7  6  6  5 
Boron  mg/Kg  18  33  16  24 
 
The most notable trend for the red Lolla Rossa cultivar is with potassium and calcium levels 
which were both higher in the Rainwater + Hydrosmart treatments for both planting dates.  As 
with the green butterhead variety, the red Lolla Rossa also showed a trend of higher foliar 
sodium levels in the Rain water + Hydrosmart treatment on both planting dates.   
 
These findings indicate that there is a `cultivar x treatment interactionô with foliar mineral 
levels with the Hydrosmart treatment having more of an effect with the red Lolla Rossa 
cultivar than with the green butterhead variety. The increased red colour scores in the rain 
water + Hydrosmart on the lolla rossa variety may be linked to the increased foliar potassium 
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levels in this treatment  as potassium is linked to colour developing in lettuce.  The higher 
foliar calcium levels in the rain+ Hydrosmart treatment for the lolla rossa variety may also be 
responsible for the lower rate of tipburn in this treatment.   
 
 

5.8  Xylem conductance test 
 
A xylem dye conductance test was carried out on the green butthead variety during the mid 
growth state in planting 2.  After 12 hours it was found that the rainwater + Hydrosmart 
treatment plants had a greater degree of red colouration of the leaves indicating an increased 
conductance of the red dye from the root system to the foliage.  This conductance test 
indicates that the rainwater + Hydrosmart treatment may have a higher rate of xylem flow 
from the roots out to the edges of the foliage and this may account for the lower levels of 
tipburn seen in this treatment.  Calcium travels within the plant in the transpiration steam 
inside the xylem vessels, and when this flow is restricted tipburn is known to occur.  A 
treatment which increased xylem flow within the plant should in theory, result in more calcium 
being transported to the foliage and a lower rate of tipburn. 
 

 
 
Figure 19.   Xylem conductance test showing red colouration in the Rainwater + HydroSmart 
treatment after 12 hours. 



 20 

 
 
 
 
 

Figure 20.   xylem conductance test after 36 hours. 
 
 
 

6.0  SUMMMARY 
 
Both bore water treatment solutions contained a high level of salinity considered unsuitable 
for lettuce growth and neither bore water treatment produced a marketable crop.  However 
the Bore water + Hydrosmart unit did allow the majority of plants to survive the high level of 
salinity and grow to a  small, restricted size, whereas the bore water control treatment 
induced 100% plant death in planting 1 and over 90% plant death in planting 2.    The fact that 
the bore water + Hydrosmart treatment permitted plant survival in an otherwise high TDS 
/salinity solution indicates that the Hydrosmart units used in this trial had some protective 
effect which allowed plant growth to occur.  However both bore water treatments created 
severe tipburn from an early stage with the bore water control developing earlier than the bore 
water + Hydrosmart treatment.  While use of the Hydrosmart unit did not allow a marketable 
crop to be grown in the bore water, it did show significant differences in plant survival and 
growth. 
 
With the rain water treated and untreated solutions there was less difference than with the 
bore water treatments.  Tipburn developed on all rainwater treatments to a small extent; 
however it reached a higher degree of severity in the rainwater control by the time of harvest.  
The rain + Hydrosmart treatment did have significantly less severe tipburn in the green butter 
head variety in both plantings, however the difference was greatest in Planting 2 when 
temperature and light levels were higher and creating a greater degree of plant stress.  
Results were similar for the red variety with the rain + Hydrosmart treatment having less 
tipburn at final harvest, although overall tipburn rates for this cultivar were low in both 
rainwater treatments.  The xylem dye conductance test which showed a higher rate of dye 
translocation out and into the foliage in the Hydrosmart treatment may partially explain the 
lower rate of tipburn in the hydrosmart treatments.  Calcium moves in the transpiration stream 
and a higher rate of dye translocation indicates a greater xylem flow through the plant and out 
into the foliage.  A greater or more efficient xylem flow from the roots to the leaf tips, carrying 
calcium to developing tissue could account for the lower levels of tipburn in the Hydrosmart 
treatments. 
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Yields were consistently higher in the bore water + Hydrosmart treatment, compared to the 
bore water only treatment which resulted in a high proportion of dead plants, although plant 
weight in this treatment was low and  unmarketable due to tipburn.  The rain water + 
Hydrosmart treatments produced a significantly greater head weight compared to the rain 
water only control in both planting dates.  However the increase in head weight for the red 
variety was only significant in planting 2 with no difference in planting 1.  The lower incidence 
of tipburn was largely responsible for the increased marketability score of the rain water + 
Hydrosmart treatment in both varieties and planting dates. 
 
Colouration in the red variety was found to be increased in the bore water treatments as 
highly salinity and plant stress are known to promote the formation of red pigment in lettuce 
foliage.  Red coloration was also higher in planting 2 as increased light is known to create a 
higher degree of colour development in red varieties.  The increased red coloration in the rain 
+ Hydrosmart treatment compared to the rain water control was more pronounced in the 
winter planting when the plants were grown under lower light intensities.   
 
The foliar mineral levels showed a `cultivar x treatmentô interaction with the red Lolla Rossa 
variety showing a greater difference in levels of potassium, calcium and sodium between the 
Hydrosmart treated and untreated plants.  The green butter head variety showed higher foliar 
sodium levels in the rainwater + Hydrosmart treatment compared to the rain water control, all 
other foliar levels showed no notable trends.  In the red Lolla Rossa variety, the Hydrosmart 
treatment had higher potassium, calcium and sodium levels as compared to the rainwater 
control.  The increased foliar potassium levels in this treatment may be linked to the higher 
red colouration scores as potassium is linked to colour development in lettuce.  The higher 
foliar calcium levels in the Hydrosmart treatment for this cultivar may be linked to a lower rate 
of foliar tipburn, although if this was the case it would have been expected to have seen a 
similar trend in the green butter head cultivar which is more tipburn susceptible.   
 

The results of this NFT lettuce trial indicate that the Hydrosmart technology 
confers advantages to lettuce growth and development under the conditions 
these crops were grown under.  These being: 
 
Permitting growth (prevention of salinity induced death) with the bore water treatment 
as compared to the bore water control at the salinity levels used, although none of 
the bore water plants were considered marketable. 
 
A lower severity of tipburn in the Hydrosmart treatments (both rain and bore water),  
 
A higher head weight at harvest in both planting dates for the green butter head 
variety 
 
A higher head weight at harvest for the spring planting for the red variety. 
 
Higher foliar potassium, calcium and sodium levels in the red variety in the 
Hydrosmart treatment (rain water only).  Higher foliar sodium levels with the green 
variety. 
 
Higher red colouration in the lolla rossa variety which is more pronounced under low 
light. 
 
Overall the Hydrosmart technology offers significant advantages to the production of 
lettuce in NFT, particularly in terms of delaying the onset of tipburn and reducing 
severity of this disorder thus increasing marketable yields and quality. 
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APPENDIX ONE 
 

Bore water formulation and analysis 
 
Bore water replica formulation (based on analysis of Australian bore water sample) 
 
Grams per 250 litre of water 
 
Boric acid   0.2 g 
Calcium Carbonate  37.5 g 
Iron sulphate   0.6  g 
Potassium Sulphate  18.1 g 
Magnesium Sulphate  375.0  g 
Sodium Bicarbonate  620.2  g 
Sodium Chloride  291.7  g 
Calcium Sulphate  107.3 g 
 
This formulation resulted in the following analysis values: 
 
Hill labs,  bore water  (replica) analysis 
 

pH         8.5 
EC          582  mS/m 
Total dissolved salts       3,900   g/m

3
 

Langelier Saturation index     2 
Sodium absorption ratio      19 
Calcium                66 g/m

3
 

Copper                 0.020  g/m
3
 

Iron                   2.0    g/m
3
 

Magnesium        128 g/m
3
 

Manganese   0.0465 g/m
3
 

Potassium          32 g/m
3
 

Sodium         1,150  g/m
3
 

Zinc          0.017  g/m
3
 

Sum of cations   65 meq/L 
Total Alkalinity       1,380   g/m

3
 as CaCO3 

Carbonate         22  g/m
3
 

Bicarbonate         1,640  g/m
3
 

Chloride       960  g/m
3
 

Sulphate        1,170  g/m
3
 

Nitrate         0.90  g/m
3
 

Sum of Anions   79 meq/L 
Boron         1.22  g/m

3
 

Phosphorus        0.17  g/m
3 

 

Water classification ï not considered suitable for cropping. 
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APPENDIX TWO 
 

Hydroponic Nutrient solution composition ï Matrix Blue 
 
mg/l after a 1 in 100 dilution rate (EC of 3.0 mmho) 
 
Nitrogen = 300ppm 
Phosphorus = 85 ppm 
Potassium = 350ppm 
Magnesium = 75 ppm 
Calcium = 280ppm 
Sulphur = 99ppm 
Iron = 5.0 ppm 
Manganese = 3.0 ppm 
Zinc = 0.40 ppm 
Boron = 0.70 ppm 
Copper = 0.07 ppm 
Molybdate = 0.05 ppm 
 
 
*note actual composition dependant on EC being run. 
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APPENDIX 3 
TIPBURN   SCALE  GREEN  BUTTER HEAD  LETTUCE 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scale 0   - no visible tipburn              1.  Slight margin burn on 1 leaf 

 

 
2.  Slight burn on more than 1 leaf. 3.  More pronounced tissue damage 

on multiple leaves. 

 

4.  Tipburn on all inner heart leaves            5.  Severe deformity and burn. 
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APPENDIX 4 
COLOUR SCALE CHART 
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APPENDIX FIVE 
 

Solution analysis results 
 
 

TREATMENT:   Rain water control 
 
Element  Planting one    Planting Two 
  After 10 days  Final  After 10 days      Final 
 
EC  2.5   2.2  2.4   1.5 
pH  5.7   6.9  5.9   6.7 
Nitrate-N 234   165  220   84 
Phosphorus 61   10  55   36 
Potassium 274   145  265   6 
Sulphur  72   181  70   148 
Calcium 217   394  220   218 
Magnesium 52   144  50   84 
Sodium  13   <1  10   7 
Chloride 13   <1  10   1 
Iron  2.2   3.8  3.1   3.7 
Manganese 1.10   1.0  1.4   0.08 
Zinc   0.25   0.58  0.25   0.19 
Copper  0.08   0.12  0.09   0.03 
Boron  0.51   0.71  0.51   1.02  
   
 

TREATMENT:  Rain water Plus HydroSmart 
 
Element  Planting one    Planting Two 
  After 10 days  Final  After 10 days      Final 
 
EC  1.8   1.6  2.0   1.5 
pH  5.8   6.4  5.9   6.7 
Nitrate-N 159   120  165   101 
Phosphorus 49   14  50   37 
Potassium 180   165  200   6 
Sulphur  49   130  50   142 
Calcium 141   192  180   214 
Magnesium 36   74  35   81 
Sodium  11   5  10   7 
Chloride 11   8  10   2 
Iron  1.5   2.2  3.0   3.4 
Manganese 0.72   0.70  0.70   0.05 
Zinc   0.17   0.29  0.20   0.20 
Copper  0.03   0.03  0.06   0.03 
Boron  0.36   0.07  0.51   0.93 
 
 
* values are in mg/l 
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TREATMENT ï Control Bore Water 
 
 
Element  Planting one    Planting Two 
  After 10 days  Final  After 10 days      Final 
 
EC  5.9   5.5  5.9   10.0  
pH  5.9   7.7  6.5   7.7  
Nitrate-N 199   219  201   205 
Phosphorus 608   140  550   166 
Potassium 530   270  504   272 
Sulphur  260   252  265   710 
Calcium 66   15  120   32 
Magnesium 144   102  145   128 
Sodium  855   890  801   2,300 
Chloride 536   588  530   1,316 
Iron  1.4   0.5  2.2   0.4 
Manganese 0.74   1.14  1.2   0.05 
Zinc   0.16   0.23  0.20   0.08 
Copper  0.06   0.29  0.10   0.03 
Boron  1.30   0.50  0.75   2 
 

¶ Note:  due to calcium and iron precipitation in the bore water solution, solution 
analysis may not show correct level of calcium, phosphate and iron. 

 
 
 

TREATMENT ï Control Bore Water + HydroSmart 
 
 
Element  Planting one    Planting Two 
  After 10 days  Final  After 10 days      Final 
 
EC  6.3   6.8  6.8   9.3 
pH  5.8   7.6  5.9   7.4 
Nitrate-N 216   122  240   235 
Phosphorus 673   240  666   176 
Potassium 537   178  550   261 
Sulphur  282   454  290   656 
Calcium 75   21  120   37  
Magnesium 155   162  110   158 
Sodium  931   1,449  1001   1,983 
Chloride 602   967  809   1,195 
Iron  2.2   0.90  2.5   1.1 
Manganese 1.76   1.14  1.9   0.05 
Zinc   0.15   0.22  0.18   0.08 
Copper  0.07   0.18  0.09   0.03 
Boron  1.38   1.02  1.10   1.81 
 

¶ Note:  due to calcium and iron precipitation in the bore water solution, solution 
analysis may not show correct level of calcium, phosphate and iron. 

 
. 
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APPENDIX 6 ï TRIAL PHOTOGRAPHS 
 

 
 
Growth differences in Planting 1 ï channels with small, stunted plants are the bore water 
treatment. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Bore water treatment showing tipburn, stunting and salinity induced growth 

reductions. 
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Butterhead crop trial showing differences in growth between treatment channels 
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              Rainwater                         Bore water                    Rainwater+HS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General trial view of Lolla Rossa variety (note channels with dead plants are all Bore 

water only treatments 


