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Summary of progress

This project is part of a continuing effort to develop a crop model for cut flower roses.

During the project period we focused on several areas.  The modeling work focussed on the

development of models for rose transpiration and whole plant photosynthesis as well as updating

the entire rose simulation model.  We also worked on modeling diurnal stem elongation of roses

and the development of software to allow assessment of productivity. During the period covered

by this report, progress was made in each of these areas.

Modeling rose plant transpiration

This part of the project involved collaborative work with Dr Michael Raviv. We have

made substantial progress and have submitted a manuscript for publication based on this work.

Dr Raviv has returned to Israel and I have hired a research assistant to continue the work we

started.

Data collection continued using the instrumented plants (see previous reports).  These

data included various moisture measurements (moisture tension and weight changes) and

environmental data (temperature, and light).  Kardinal plants were grown in containers in two

groups: one in coir the other in UCMix.

The overall aim was to develop a mathematical model to describe the uptake, utilization

and transpiration of water by the whole cut-flower rose system, as affected by the aerial- and

root-zone conditions.  We have completed the data collection and are currently developing the

mathematical model and building it into the rose shoot simulation model.

Modeling Whole-plant Photosynthesis

One aspect of optimizing crop productivity in the greenhouse is to find optimal

conditions for whole-plant photosynthesis. Individual leaf photosynthesis measurements are

generally not good estimates for whole-plant photosynthesis. Leaf photosynthesis can be highly

variable due to such factors as leaf age, chlorophyll content, leaf shading, or biotic and abiotic

stresses whereas whole-plant productivity is influenced by canopy complexity and growth.  One

approach to estimating whole-plant photosynthesis is to place the entire plant in a whole-plant,

gas-exchange system.

A model for single leaf photosynthesis of roses as a function of photosynthetically active

radiation (PAR), leaf temperature and leaf age was previously developed for cv. ‘Cara Mia’. The

model did not include CO2 concentration which is of interest in relation to the necessity /
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benefits of long term CO2 fertilization in greenhouse production. 

A rose leaf photosynthesis model as a function of PAR (photosynthetically active

radiation), CO2, temperature, relative humidity (RH) and leaf age was calibrated. Light response,

Pn vs. Ci curve and age response of the leaf model are shown in Figure 1. Comparison of

predicted vs. observed rates (Fig1d) exhibits satisfactory prediction of the model over a range of

environmental conditions.

A simple approach to scaling up photosynthesis from leaves to the whole-plant was

developed and a simulation was performed using the observed environmental data as input

variables to predict diurnal change of whole-plant photosynthesis. Diurnal patterns of whole-
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Figure 1 Comparison of predicted (line) and observed (circle) of rose leaf photosynthesis.  (a) light response
curve is predicted for a 20 days old leaf at 25 C, 355 ppm of CO2;(b) Pn-Ci curve is for 20 days old leaf at 1000
µmol Am-2

As-1 of PAR, 25 C; (c) age response curve, 1000 µmol Am-2
As-1, 25 C, 355 ppm; (d) predicted vs. observed

plot for entire data. Line represents 1 to 1 relationship.
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Figure 2 Diurnal responses of whole-plant photosynthesis (Pn) and transpiration (E) of roses measured on July 13
and 15, 1999. Diurnal courses of PAR, CO2 concentration inside the greenhouse, leaf and air temperature (T) and
relative humidity (RH) are also shown.  LAI was 1.6.  Simulation was performed assuming minimum leaf age of 1
and maximum leaf age of 100 days

plant photosynthesis were investigated and the observed data were compared with the simulation

results to examine the performance of the model. 

Results of whole-plant gas exchange measurement for two dates are presented (Fig 2).

July 13, 1999 was partly cloudy with relatively high temperature during the day and July 15,

1999 had mostly clear sky. The whole-plant chamber system was capable of monitoring gas

exchange and changes of environmental variables continuously. During the experiment, we had

whitewash only on part of the greenhouse, shading the measurement location after about 1 p.m.

in the afternoon (Fig 2, PAR). However, the shading in the afternoon due to the whitewash did

not result in significant decrease in gas exchange of rose plants. Simulation of diurnal whole-

plant photosynthesis exhibits good agreement with the observed data for both dates.

Roses have traditionally been grown in a hedgerow. Models have been developed to

account for radiative transfer of hedgerow canopies. However, cut-flower rose production now

involves shoot-bending, which results in a unique canopy structure. The radiation profile of the
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Figure 3 Start-up screen on rose shoot simulation model

bent canopy will be different from that of hedgerow canopy. Further research on canopy

photosynthesis with respect to its architecture could be of importance for optimizing rose

production in the greenhouse.

Rose Simulation Model

Substantial progress has been made on the rose shoot simulation model. The model has

been completely rebuilt to incorporate all the information currently available in my group.   This

includes temperature-based shoot development, rose photosynthesis and respiration, as well as

information that others have developed on carbohydrate partitioning. The following is a brief

description of how the simulation model works. 

When the program is started, the user sees the window in Figure 3,  allowing selection of

input environmental data as well as the rose variety.  Although we currently have information on

only three varieties, we expect to have more of this sort of information in the future. If the user

has no greenhouse data then such data can be simulated by selecting that option.  In this case an

environmental simulation model is run (Figure 4).  This allows the grower to specify how she/he

thinks the greenhouse is behaving. Currently this simulator predicts light, temperature, CO2

concentration, and relative humidity. It should be noted that this is a prototype at this point and

also requires further work.



The effect of water availability on rose productivity. Lieth, p. 5

Figure 4 Greenhouse environment simulator allows user to specify set-point parameters and
simulate a typical expected greenhouse environment that might result.

Figure 5 Simulation Options screen allow specifying how the
simulation is to run and what output is to be displayed.

Once input data are in

place, the user selects desired

Simulation Options (Fig 5).  Here

the time-frame of the simulation is

defined and the desired output is

specified. It should be noted that

this is the main control screen and

allows various manipulations to

compare simulations. Once “Run”

is selected the desired variables

are displayed on the screen

graphically.  The pictures below (Figure 6) show the environmental data in conjunction with leaf

and stem dry weight (and rates of change). Various other output screens can also be requested.
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Figure 6 Several output panels from the simulation model

The Simulation Options screen also allows comparison of various model runs by retaining

simulation results and superimposing new simulations over previous ones. This is a powerful

way to test various hypotheses. We are currently building in the parts of the transpiration/water

uptake model that is under development. 

Rose Production meter

Included in the proposal for the project year was a proposal to develop software that

would allow growers to visually see the level of productivity that a rose greenhouse is enjoying.

This is an attempt to use some of the information that has been developed as part of the

modeling work and bringing it into use by growers. Figure 7 shows the sort of thing that is being

developed.

The first iteration of this meter represents rose leaf photosynthesis at the top of the

canopy.  This model requires temperature and light as the input. The calculation results in a

number that reflects the percent of the maximum rate of photosynthesis. Once this version has

been developed, the indicator will be modified to represent productivity, rather than (or in

addition to) photosynthesis.
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Figure 7 Rose productivity meter prototype:  display
shows that the current conditions from “Zone B-west” are
resulting in productivity that is 72% of the potential.

The greenhouse

environment computer control

company Q-Com Corp. provided

assistance by modifying the

Windows-version of their

greenhouse environment computer

software to allow us to extract

settings directly for use in my

program.  Q-Com has provided us

with a full upgrade for our control

system software so as to facilitate

our software development. The

development of the tool is not yet

complete and work on this is

continuing.

Diurnal stem elongation patterns

Stem length is a major factor in determining the value of cut-flower roses.  This part of

the project is focusing on the various factors that drive stem elongation, particularly soil moisture

and salinity.  We are interested in the effects that components of soil water potential (matric and

osmotic potential) have on stem elongation rates.  Matric potential can be measured directly with

tensiometers. We recently developed a method to continuously sample and measure soil

moisture electrical conductivity (EC) as an indicator of osmotic potential. In this work we

manipulate soil moisture content (tension) and/or salinity while measuring stem elongation to

determine what drives stem elongation.  In the long run we hope to be able to identify how to

maximize stem length in relation to these variables.

A few years ago we noted that stem elongation rates were dramatically affected by

turning lights on or off.  This sort of phenomenon is common in plants and others have observed

this as well.  However, no one has developed a dynamic model for this and we need such a

model as part of our rose stem simulation model (above).

Rose plants growing in containers filled with coconut coir were established in a

greenhouse and moved to a growth chamber for study. They were two years old plants of the
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Figure 8.  The LDPS is mounted to a balsa stick 
and the core is attached to the stem so that the shoot
is under the screen cone.

variety ‘Kardinal’.  They were automatically irrigated with half-strength Hoagland’s solution

using a tensiometer-based control system.  Prior to logging stem elongation data, the plants were

allowed to acclimate in the growth chamber for at least 24 hours.  The growth chamber was

configured to turn lights on at 6:00 a.m. and off at 10:00 p.m. each day.  Temperatures were

constant at 25°C ±3°C.

Ten stems were measured and had at least 3 but not more than 8 fully expanded leaves. 

This insured that the stems were in the

linear phase of elongation.

Linear displacement position

sensors (LDPS) were customized to

accommodate attachment to rose stems and

facilitate the frequent repositioning

required to measure the elongation of the

stems over several days. This involved

mounting the LDPS on a piece of balsa

wood. This, in turn is attached to a mature

portion of stem below a young shoot

(between 50 to 120 mm in length) so that it

is roughly parallel with and alongside the

shoot.  This is aligned so that shoot tip

pulls the LPDS core out (see Fig. 8). The

output signals from the LDPS’s were

calibrated and connected to a data logger.

The data collected from the ten

stems were used to calculate growth rates at

a specific times of day as the rate of growth

per 30 minute period.  Relative growth were then calculated as the current growth rate ÷ overall

growth rate during a 24 hour period (thus 1.0 is the average relative stem elongation rate).  A

plot of these values (Fig.9) shows that when the lights come on, relative elongation rate
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Figure 9.  The relative growth rate of ‘Kardinal’ stems measured in the growth chamber over 24
hours.  Lights turned on at 6:00 and off at 22:00.  Temperature was constant 25°C.

immediately drops to the lowest rate during the day and then increases through mid morning to a

rate greater than the average daily rate (1.0).  From the late morning to late afternoon, the rate

decreases to about 0.8 before increasing to near the average rate.  When the lights are turned off,

the relative elongation rate quickly increases to about 1.4, and decreasing to and maintaining a

rate of about 1.2 through the remainder of the dark period.

When the lights are turned on, one of the plant responses is the opening of stomates

which increases the rate at which water is lost from the leaves.  The turgor pressure within the

plant cells decreases before the plant can recover from the increase in water loss rate.  Stem

elongation rate decreases due to this loss in turgor pressure which is necessary to expand cells. 

The elongation rate increases during the morning as the plant responds to the water loss.

When the lights are turned off, the stomates close, reducing the water loss rate, creating

an increase in cell turgor, and an increase in stem elongation rate.  The rate decreases slightly to

a constant rate after the plant responds to the dark conditions.

An approach to increasing the stem length of roses may be to reduce the extent that the
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elongation rate drops when the lights are tuned on.  This might be accomplished by promoting

the rate that water moves into the plant from the roots by modifying the water quality.  As water

moves from the soil (or other substrate), into the roots and through the stems, and finally

through the leaves into the atmosphere, it loses energy.  If we focus on the step where water

moves from the substrate into the roots, we can increase this rate of movement by increasing the

energy gradient.  That is, the greater the difference in the energy levels of the water that is in the

substrate and the water that is in the roots, the greater the rate that water moves into the roots

from the substrate.

It is difficult to manipulate the water in the roots, but we can modify the water in the

substrate.  The two main components of potential energy, are matric potential and osmotic

potential.  Matric potential is measured directly using a tensiometer. Osmotic potential is

dependent on the concentration of solutes in the water.  A measure of this is electrical

conductivity (EC).  As EC increases, osmotic potential decreases.  A small change in EC results

in a large change in osmotic potential.  In fact, a change of of 1.0 dS/m is the equivalent to 36

kPa in potential. Growers are already familiar with managing EC by manipulating the salinity or

fertilizer content of the irrigation water applied to the plants.  Preliminary work has shown that

small changes in EC (increasing from 1.0 dS/m to 2.0 dS/m) can cause changes in stem

elongation rates.  Experiments are currently in progress to quantify the effect that changes in EC

have on stem elongation rates.




