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We monitored a weekly truck shipment that
left a northern California truck dock on a regular
weekly schedule.  The dock manager probed boxes on
arrival, pre-cooled if needed, and probed boxes as
they were loaded into the long-haul truck, recording
all temperatures on the ‘California Fresh’ label that

was placed on selected boxes.
On arrival at their East Coast
destination, the receiving
wholesaler probed the boxes
again, recorded arrival
temperatures, recovered the
dataloggers, recorded the
state of the time-temperature
indicators, recorded the data
on the labels, and sent all the

information back to us for analysis.

Introduct ion
Although the recommendation for storage of most
cut flowers is that they be held at close to 0°C(32°F),
industry practice is far from this ideal.  In a detailed
survey undertaken several years ago, we found that
transport temperatures for flowers were seldom
below 7.2°C(45°F), and often above 10°C(50°F).  We
have recently shown clearly
that these temperatures are
detrimental.  In a study of a
wide range of cut flowers, we
have found that holding the
flowers at 7.2°C(45°F) for 5 days
reduced their vase life by an
average of 30%.  This finding
led us to conduct a more
detailed study of temperatures
during handling of California
cut flowers and to propose a pilot program for ad-
dressing the deficiencies that we observed.  We
report here on the present status and conclusions of
that program and suggest future possible actions.

California Fresh -  a pilot trial to improve
temperature management of California cut
flowers during transportation
The goal of the California Fresh pilot program is that
flowers would be precooled after packing to
1.7°C(35°F) and maintained at that temperature or
below until arrival at destination.  We were fortunate
to have the cooperation of one of the major wholesal-
ers on the East coast, who carries truckloads of
California flowers across the country several times a
week.  We were also fortunate
to have the cooperation of some
of the major growers supplying
our wholesaler.  They agreed to
pack their flowers so that they
could be pre-cooled easily, to
include dataloggers and time-
temperature indicators that we
provided, to precool the boxes
[preferably to below 1.7°C(35°F)] and to probe and
record flower temperatures as the flowers left their
dock.
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Figure 1.  Temperatures after packing, and during
transport and shipping for one of the growers cooper-
ating in the ‘California Fresh’ pilot program.
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R e s u l t s
Dataloggers
Typical temperature fluctuations that the flowers
encountered on their journey across the country are
shown from one of our data logger traces (Fig. 1).

Time-temperature indicators
These specially manufactured stick-ons were at-
tached to sleeves of two bunches of flowers in each
‘California Fresh’ box, and proved to be a consistent
and reliable way of evaluating the temperature
history of a box of flowers.  When the flowers were
transported at the correct temperature, the labels
showed it by remaining green.  When temperature
management was less than ideal, the dots on the
labels turned yellow in a pre-determined sequence of
1, 2 and 4 days at temperatures greater than
4.4°C(40°F).

Conclus ions
Our data show:
1. Many growers are not precooling flowers ad-

equately

2. Route trucks are one of the weakest links in the
flower handling system

3. It’s essential that consolidation docks be refriger-
ated

4. Cross-country trucks may do a satisfactory job of
bringing temperatures down, even in flowers that
have not been properly precooled

5. Temperature management at arrival points is also
a concern

1.  Growers are not precooling flowers
      adequately

The growers participating in the trial have been
actively improving their temperature management,
and several are now cooling to close to the target
1.7°C(35°F).  Monitoring of boxes at truck docks
demonstrates, however, that this good performance is
not common in the industry.  We have measured
temperatures as high as 18.3°C(65°F) in boxes at the
trucking dock.  This poor performance is the result of
several different problems:

• the grower doesn’t have a cool-room

• the coolroom/precooler is not operated correctly

• the box doesn’t allow good precooling ‘Proconas’

don’t cool well, and some of  the present hampers
that are being used in the industry are almost
impossible to cool

• the grower relies on the trucking company to cool
the flowers

2. Route trucks are one of the weakest links in the
flower handling system

Our graphs show that flowers that have been cooled
often warm up again on their way to the trucking
dock (Fig. 1).  This may result from one or more of
the following problems:

• the route truck (especially when it is the grower’s
delivery truck) is not refrigerated

• loading the route truck at non-refrigerated docks
results in warming of the load

• warm flowers placed in the route truck may warm
flowers that were precooled by other growers

2. It’s essential that consolidation docks be refriger-
ated

A common feature of the data from our dataloggers is
a substantial increase in temperature at the consoli-
dation dock.  These docks need to be refrigerated.

3. Cross-country trucks may do an satisfactory job
of bringing the temperature down, even in
flowers that have not been properly precooled

Another common feature of our data is that the
temperature of the flowers falls over the first 12 to
24 hours of the cross-country trip, indicating that the
trucks being used in this trial are capable of bringing
temperatures down
for much of the
product, even if it is
loaded warm.  Note
that these are trucks
that travel across the
country without any
stop or dropoff.  We
should not rely on
trucks to take care of
inadequate tempera-
ture  management at
the grower or
shipper level.
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4. Temperature management at arrival points is
also a concern

Our cooperating wholesaler doesn’t have a refriger-
ated dock, and the dramatic increase in temperatures
in flowers after arrival is a concern – we cannot
expect good performance from California cut flowers
if they are not provided with optimum temperature
conditions throughout the handling chain.

Signs of improvement
The temperature profile obtained from one of our
most recent shipments shows the type of profile that
was the goal of the ‘California Fresh’ program (Fig 2).
The datalogger in these flowers recorded a rapid
precooling to 2.2°C(36°F), and the flowers remained
within 1°F of that temperature until they arrived at
the destination wholesaler.   It is probable that this
was a hamper of iris, flowers with high heat capacity,
and that the datalogger was placed in the middle of the
hamper where variations in temperature would be
attenuated by the cool flowers around it.  Neverthe-
less, these flowers would have arrived in excellent
condition, with a vase life close to that of the freshly
harvested flowers, and that is the goal of our re-
search, and the California Fresh pilot program.
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Where to from here?
The data that we have obtained highlights the
problems and issues related to temperature manage-
ment of cut flowers.  The time temperature indica-
tors, cheap enzyme-based systems that show
whether the flowers have been exposed to excessive
temperatures during transit, worked sufficiently well
to be recommended for use in our industry.  In view
of the difficulty of managing the temperature of
warm flowers after they have left the grower, and
their harmful effect on flowers that have been
properly pre-cooled, we believe that the industry
should empower the trucking industry
to refuse to carry flowers that are warmer than
a reasonable maximum [say 7.2°C(45°F)].

This would greatly reduce the ‘route truck’
problem.  Clearly the industry needs to move to
refrigerated docks at the grower, shipper, trucker,
and wholesale receiver level.

Figure 2.  Record of temperature in flowers from
another grower in another truck during cross-country
shipment.


