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The rose modeling work is continuing in several areas. We continue to work on the nutrient
uptake issues. With Dr Silberbush’s return to Israel, the work on specific nutrients is temporarily
halted, but a new graduate student (Neil Mattson) has started to work in this area. As part of that
work we also started looking at the effect of oxygen around the roots on nutrient uptake.  Oxygen
is used by roots in respiration; respiration releases energy in the root tissue to allow the roots to carry
out their function (uptake of nutrients and water). We are continuing the work on the rose stem
elongation model and anticipate having a working model for this in place at the end of the year.
 

The last report provided considerable detain on the nutrient uptake modeling work and the
stem elongation model. In this report we present the on-going work on the effect of oxygen in the
root zone. 

When we started to look at the effect of dissolved oxygen (DO) in the rhizosphere of
hydroponically grown roses we noticed that the concentration of oxygen changes very rapidly. In
fact, the dynamics are much faster than was previously known. We attributed the results from our
earlier findings to inadequate instrumentation, since conventional methods for measuring dissolved
oxygen in the root zone are (1) very slow, (2) require that the liquid be in motion, and (3) consume
oxygen in the measurement-process. This meant that measurement in hydroponic rose systems could
not be conducted in the substrate. It could only be carried out during the recirculation process. Since
this process introduces oxygen into the solution, the results were always skewed. 

During 2002 we found that new technology became available in the medical and
environmental sciences to measure dissolved oxygen in liquids in a way that was (1) very rapid
(stable observations within seconds), (2) did not require movement of the liquid, (3) was non-
consuming, and (4) used a probe that measures the oxygen concentration in the small region around
the tip of the probe. This device works on the principle that certain molecules fluoresce in the
presence of oxygen and the degree of fluorescence is proportional to the concentration of oxygen.
By placing this compound at the end of a fiber-optic cable and coating this compound with material
that allows oxygen to pass through, it is possible to measure oxygen concentration. I purchased the
instrument (using funds from other sources than Joseph Hill funding). As soon as we began using
this device we starting seeing very interesting and significant results. 

Since the new instrumentation has never been used in hydroponics research, our first effort
focused on developing methodology. To do this as fast as possible, we used a fast-growing plant
(chrysanthemum). In particular, we are searching for the best way to measure the effecton plants of
poor oxygen levels in the root zone. The goal is to model the oxygen usage in the root zone of
hydroponic roses so as to predict the effects of dissolved oxygen (DO) concentrations on production.
This should allow us to then develop more-optimal production strategies.
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Figure 1 DO probe of the Ocean Optics FOXY
instrument.

Figure 2 DO and temperature probes installed in a
hydroponic rose bucket.

Materials and Methods

The first experiment was designed to compare the growth effects of plants when subjected
to different DO concentrations using Chrysanthemums as a model plant.  'Bright Golden Anne'
chrysanthemum plants were subjected to either normal DO concentrations or hypoxic levels of
oxygen in a sealed aerohydroponic system. Since a perfect seal was not possible because of the
obvious difficulty of sealing around the plants, imposing particular oxygen conditions was achieved
by continually pumping specific gases into the rootzone (the tank). Hypoxic levels were achieved
by bubbling pure nitrogen gas through the nutrient solution using tubing and an aquarium bubbling
stone. This prevents ambient air from entering the system so that the original oxygen was either
consumed or purged. We found that bubbling of nitrogen gas could successfully purge the solution
of oxygen in  less than an hour.  The hydroponics unit holds a volume of 65 liters, in which we were
able to reduce DO concentration from around 8.4 ppm (saturation) to around 0.5 ppm in about 45
minutes with further reductions with continued bubbling of nitrogen. 

Measurements of DO were made
using Ocean Optics spectrophotometer
instrumentation with one probe designed to
measure oxygen concentration and a separate
stainless steel probe to measure temperature.
Both probes are about 10 inches in length
and can easily be inserted in any loose
porous medium or liquid.

In an attempt to conserve nitrogen
gas, the bubbling was pulsed in 1-hour
increments.  After six weeks of growth
under normal and reduced DO
concentrations in the nutrient solution, the
mums were harvested for measuring both the
fresh weight and dry weights of the shoots
and roots.

Hydroponically grown roses are
grown in substrates such as coconut coir,
rockwool, or other media (no soil). Since coir
is currently the most prevalent material here
in the US, we chose to work with it. To
measure the concentrations of oxygen in the
coir, the probe was inserted at varying depths
of the coir.  The probe was inserted in the
middle of Dutch buckets with the probe tip at
depths ranging from 6 cm from the top of the
substrate to the bottom of the buckets.  Two
'Fire and Ice' rose plants were growing in the
tested bucket.  
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Figure 3 Results of exposure of cut-flower chrysanthemum plants to hypoxic conditions.

Our preliminary modeling work identified several potential factors that could be responsible
for reductions of oxygen in the root zone: (1) the rose roots and (2) microbes living in the root zone.
The presence of microbes has long been known and in general these organisms are assumed to live
in harmony with the plants. In fact, we know that in general it is good to have such microbes present
as they discourage some pathogens and are involved in conversion of some of the nutrients for use
by plants. However, if the drop in oxygen is due to microbes then this could be a negative effect.
Thus we need to quantify this.

Some techniques to increase the DO concentration in the coir were tried.  A small rubber tube
was placed at the bottom of the bucket and air was pumped directly into the bottom of the bucket.
The idea was to see if it is possible to raise the oxygen concentration in the buckets. We also looked
at how the use of Rootwell stakes affected oxygen concentration.

Results and Discussion

Chrysanthemum experiments

The experiments using chrysanthemum to develop the methodology for doing controlled
studies on reduced oxygen concentrations in the root zone showed dramatic responses by the fresh
weight of shoots and root as a result of removing oxygen from the root zone (Fig 3). It should be
noted that the oxygen removal occurred for only part of the production period. 

Now that we have the methodology for imposing oxygen conditions consisting of either
saturation and complete hypoxia, we are working on methods to dynamically control the DO at any
fixed level. This is needed so that we can develop a quantitative model to predict plant responses to
this variable. As part of that, we will do controlled studies at specific DO levels. Initially this will
be done with cut-flower chrysanthemum (so as to expedite the development of the methodology
while collecting useful data). As soon as feasible, we will shift to using roses.
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Figure 4 Logged pattern of dissolved oxygen over a 24 hour period showing
rapid, near-constant depletion of oxygen (within 2 hours),

Hydroponics rose experiments

In a hydroponic bucket with rose plants, the DO drops quite rapidly. Figure 4 is typical of
what we have now seen many times: DO drops from saturation levels (around 8 ppm) to levels close
to zero over a period of 2 hours or less. At each irrigation the DO level increases. Longer irrigations
tend to bring the DO concentration back up to saturation. The figures shows that if the irrigation is
too short then the DO is not raised back up to saturation.

The most startling facet of Figure 4 is that it shows that oxygen diffusion through the coir is
much too slow to replenish the oxygen that is consumed in the system. It is a startling and important
finding that may well have implications for all growers who are growing in coir (and perhaps many
other media, including peat). In the system above the plants spent a considerable amount of time with
inadequate oxygen in the root zone. The real question is “how is this inadequate oxygen level
impacting the plant?” We supposedly know the answer to this: inadequate nutrient and water uptake.
Since the plants can take up luxuriant amounts of nutrients. sort periods of inability to uptake
nutrients might not be a serious problem. (We are currently developing the model to test this for
nitrogen). But the inability to take up water might be a serious problem on hot sunny days. It may
well be possible that the flagging we occasionally see on roses despite plenty of water in the buckets
could be due to lack of oxygen in the root zone. Clearly this requires further testing.

We also attempted to determine if bubbling air into the buckets could be used to prevent the
rapid decline. In several attempts to study this we have found mixed results. Sometimes we seem to
be able to hold the oxygen concentrations high (e.g. Fig 5), at other times they barely return to 4
ppm. Figure 5 shows the result of this. Note the scale of the vertical axis; all the measurements here
were above 7.6 ppm. In this case the bubbling is very effective. However, we have also seen cases
where it is not as effective (no data shown here). This is probably due to the fact that the gas bubbles
can easily channel through the media, perhaps along the sides of the bucket, probably resulting in
considerable variability in DO in the root zone. This will require further study. We are currently
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Figure 5 DO trajectory in a hydroponic rose bucket where air is bubbled into
the root zone. The vertical lines show when irrigations occurred.

planning to do a 3-dimensional mapping (with depth and horizontal location) of DO levels in some
buckets to test this. 

We are also working with the Rootwell stakes to see if they are effective at allowing more
oxygen into the system. These are perforated plastic stakes that basically create an air column in the
medium. Our early results suggest that there could be a benefit, but it will probably require several
stakes per container to bring the DO concentration up. The culprit could well lie in the fact that coir
is able to hold a very high amount of water and that a medium consisting of only coir may not allow
for enough oxygen diffusion. This would explain why growers seem to have the best results in
hydroponic systems with coir when the water more frequently. What is happening is that  the oxygen
is being replenished at each irrigation. Providing excessive water and fertilizer is not penalized in
such a system because the media drains well.

The next step involved carrying out controlled experiments. This means that we need to
acquire another instrument so that we can track DO in several treatments at the same time. This is
also needed for the part of the project where we seek to implement constant intermediate oxygen
concentrations so as to quantify reductions in biomass growth. We are currently purchasing such a
system.




