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Progress and Outcome

1. What major problem or issue is being resolved and how are you resolving it?

Greenhouse growers must produce crops with great efficiency so as to compete
with domestic and foreign competition. Irrigation and fertilization are two of
the most important horticultural methods that growers use to assure
profitability. Over the ages, growers have learned to use water and fertilizer
with a level of excess that provides excellent productivity, but also
generates a large amount of wasted water which is discarded. This discarded
water contains a substantial amount of fertilizer as well as biotic and
abiotic components that make further use of the water difficult or impossible.
While this effluent (run-off) could readily be discharged from the greenhouse
in the past, it is clear that this is no longer a sustainable production
approach and growers must find ways to reduce or eliminate this waste stream. 
The problem that growers are facing is that they will no longer be able to
discharge run-off containing fertilizer and pesticides.

Our approach to dealing with the problem is to develop tools that can be used
to simulate greenhouse production in relation to irrigation and fertilization
strategy.  In greenhouse production many crops can be produced hydroponically,
so that recirculation is feasible.  The problem is that the chemical
constituents of the recirculating irrigation solution need to be adjusted
dynamically so as to provide optimal nutrition for the plants at all times.
Since there are no sensors and control systems that allow for dynamic control,
we seek to develop models that allow calculation of their exact composition of
the captured run-off, so that it can be augmented with the needed fertilizers
to re-create optimal irrigation solution.  This requires a number of submodels
that will combine to form the desired simulation model.

2. How serious is the problem.  Why does it matter?

Recently the problem reached unusually serious levels for California
greenhouse growers. Various environmental organizations initiated regulatory
pressure to force local municipalities and water agencies to force growers to
stop the flow of water off their properties unless it meets drinking water
standards. This pressure can effectively put growers out of business since the
production costs associated with the remedy are so high as to make greenhouse
production unfeasible.

3. How does it relate to the National Program and the National Program
Component(s)?

This project is under Natural Resources and Sustainable Agricultural Systems,
National Program 201, Water Quality and Management.  Component - Water Quality
Protection and Management (Excess Nutrients).

4. What were the most significant accomplishments this past year?

The most significant accomplishments related to developing parts of the over-
all model. It should be noted that the greenhouse production system is a
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complex system that depends on many system components. While we are developing
models for these we are also developing specific tools based on these models
that growers can use.

The basic approach is to build a crop model that includes the major
physiological processes (photosynthesis, respiration, growth, etc).  The model
needs to be responsive to the various environmental factors that are important
(e.g. light, CO2 concentration, temperature, water status, nutrient status,
salinity, etc).

A. Photosynthesis in relation to various environmental factors including
water.

We developed a coupled photosynthesis/stomatal-conductance/transpiration
model for rose leaves. It uses the biochemical model of photosynthesis
(Farquhar et al. 1980), semi-empirical conductance model (Ball et al., 1987)
and energy budget equation for calculating the leaf temperature and
transpiration rate using air temperature. The model is expressed as a function
of photosynthetically active radiation, ambient CO2 concentration, air
temperature, relative humidity and leaf age. The photosynthetic parameters:
maximum carboxylation rate, potential rate of electron transport, rate of
triose phosphate utilization and leaf dark respiration rate were determined
using gas exchange data of fully expanded young sunlit leaves. The temperature
dependence of several of the parameters was determined. The stomatal
conductance model was calibrated using the gas exchange data for combinations
of relative humidity, light and temperature.  The rate of transpiration
through stomates was modeled to be dictated by the energy balance between the
leaf and surrounding microclimate. The model prediction agreed reasonably well
with the validation data. The model was calibrated and validated for the cut-
flower rose variety Kardinal.

Water stressed plants exhibit significantly reduced gas exchange rates mainly
due to stomatal closure. Hypoxia due to excessive water in the root zone may
also induce the stomatal closure. Whole-plant gas exchange data from our
experiment indicated that water stressed rose plants do exhibit reduced rates
of gas exchange. We are currently working on extension of the model to account
for the effect of water status of plant and soil. This is implemented in such
way that the leaf water potential regulates the stomatal conductance, which
then influences the rates of photosynthesis and transpiration. We are also
looking into existing models to relate the soil water availability to leaf
water potential. In our preliminary model, we simply related the plant water
status to soil moisture tension data by means of reducing the stomatal
conductance as soil moisture tension increases. This model was capable of
mimicking the photosynthetic midday depression and reduced transpiration rate
of water stressed plants in diurnal gas exchange simulation.

B. Crop production in relation to moisture status and salinity

Stem elongation is a fundamental determinant of productivity with cut-flower
roses.  This part of the project relates to gaining understanding of the
factors that affect rose growth, particularly the effect of salinity and soil
moisture conditions on stem elongation.  We are interested in the effects of
the components of soil water potential, matric and osmotic potential, have on
stem elongation rates.  Matric potential can be measured directly with
tensiometers and we recently developed a method to continuously sample and
measure soil moisture electrical conductivity (EC), an indicator of osmotic
potential.

The elongation rate of plant stems is not constant during the day and changes
as the stem develops.  Optimization of stem elongation in roses requires a
quantitative understanding (i.e. a model) of how growth rates vary. In this
project we determine the stem elongation pattern in conjunction with discrete



developmental stages and model the diurnal pattern of stem elongation. For
example, we found that after first light, the elongation rate dips
substantially, followed by a recovery; the rate was maximal just after sun-set
followed by a slight reduction after that with a near-constant elongation rate
the remainder of the evening. Our goal is to be able to simulate this pattern
and then determine through cumulative simulation modeling which approach to
irrigation and fertilization results in the greatest stem elongation rate. The
models for this are currently under development.

5. Describe the major accomplishments over the life of the project, including
their predicted or actual impact.

Project is in first year. While it is on track, it is as yet too early to
discuss major accomplishments of the entire project.

6. What do you expect to accomplish, year by year over the next 3 years?

We are currently gearing up to bring several researchers into the project. The
key goal is still to develop models that describe the extraction of key
nutrients by rose plants from the soil solution. We are also investigating the
role of oxygen in the root zone.

7. What science and/or technologies have been transferred and to whom?  When
is the science and/or technology likely to become available to the end user
(industry farmer, other associate)?  What are the constraints , if known, to
the adoption and durability of the technology products.

We developed a model-based software tool that growers can use in relation to
timing rose crop production. While this does not deal directly with the
objectives of this particular project, it is part of the overall greenhouse
production management. We anticipate future releases of such tools to focus on
nutrition and irrigation management. It is not know how well such tools are
adopted.

8. List the most important publications in the popular press (no abstracts)
and presentations to nonscientific organizations and articles written about
your work (NOTE: this does not replace peer-reviewed publications which are
listed below).

No popular press articles related to this project were yet written.

9. Scientific Publications:

None (as yet).




