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ABSTRACT

Cut flowers from California flower producing areas can
be transported successfully to Midwest and; east coast markets
by refrigerated highway trucks if proper transit temPeratures
are maintained. Initial temperatures of cut flowers nay range
between 35oF (2"C)  and 59"F (15"C) .  I f  the  f lowers  a re  p rop-
erly packed in vented standard-sized boxes, forced-air pre-
cooled, and placed in a spaced load patEern in the truck,
transi t  temperatures can be rnaintained between 32"F (0'C) and
37"F (2.7oC). Forced-air  cool ing of f lowers before shipplng
removes enough heat from the product to enable the refrigera-
tion systen on the truck to naintain proper flower temperatures
in'transit. Precooling units are available that can cool from
4 to upre than 100 boxes of flowers in less than one hour.
Flower boxes that are 20 inches wide and 12 inches high,
stacked in a pigeon-hole loading pattern, provide sufficient
air circulation in the truck.

KEYI,IORDS: Cut f lowers, ornamentals,  t ransportat ion,
packaging, precool ing, carnat ion, rose,
chrysanthemum, truck, temperature, standard-
iza t ion ,  con ta iners .
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HANDLING, MECOOLING, AND TEMPERATURE IiIANAGEMENT OF
CUT FLOWER CROPS FOR TRUCK TRANSPORTATION

By Roger E. Rlj, James F. Thompson, and Delbert S. Farnhanl

INTRODUCTION

The Unlted States produced about 1.3 bill ion cut flower bloons tn L977,
whlch had a wholesale value of $211 million. The rnajor klnds of cut flowers
produced are carnat lons (507 nt l l ion bloorns),  roses (419 mll l lon bloons),
gladiol l  (166 nf l l ion splkes),  chrysanthernums (112 ni l l ion bloons),  and pompons
(36 mil l ion bunches).  Of the 23 States producing f lowers commercial ly,  Cal i -
fornia is the largest, ,  with about 52 percent of the U.S. product ion, having a
va lue  o f  about  $83.5  mi l l lon  a  year  (2 ) .2

Shiprnent of cut flower crops by refrigerated highway truck fron growing
areas in Florida and Colorado to major narkets in northeastern States and the
Midwest has been a common pract.ice for a number of years. Traditionally, about
80 percent of the cut flowers from California have been shipped out of State by
air freight, but due to an increase in freight rates and a reduction in the
number of f l lghts,  the f loral  industry has been shipping a greater proportLon
of flowers by refrigerated hlghway trucks to midwestern, southern, and east
coast markets. Curtently, about 50 percent of the flowers produced in Califor-
nia are shipped by refrigerated highway truck, and the percentage is increasing.

Tine and temperature are major factors controlling deterioratlon durlng the
n a r k e t , l n g  o f  c u t  f l - o w e r s  ( 5 ,  a r  7 r  a , 9 ,  7 0 ,  1 1 ,  7 2 ,  1 3 ,  1 5 ,  7 6 ,  7 7 ) .  S h f p p t n g
flowers by air has the advantage of reduced transit time, conpared with other
modes of t ransportat ion, but i t  does not provide control led temperatures ( lO, 72,
73, 16). Although truck shiprnents have longer transit times than aLr shlpments,
the truck refrigeratlon unit can provide ideal conditions for the naintenance of
flower quality through proper temperature management (A, g). Most flowers have
a low tolerance fot adverse temperatures, even for short periods.

Current flower handling and packaging nethods were developed for air freight
shiprnents. Since air freight does not provide a controlled temperature envLron-

Int5 ts an agricul tural  market speclal ist ,  U.S. Department of Agricul ture,
Science and Educat ion Adminlstrat ion, Fresno, Cal i f . ;  Thornpson ls an agrl-
cul tural  engineer,  Cooperat ive Extension, Uni.versi ty of Cal i fornla, Davis;  and
Farnham ls a farn advLsor, Cooperative Extension, Universlty of Californla,
Watsonvi l le.

2Ital ic numbers Ln parentheses refer to Li terature Cited, p.  20.



ment, packaglng and handling were developed to protect the flowers from extreme-
ly high or extremely low temperatures. For transport by refrigerated truck, nehr
packaging and handling nethods had to be developed to take advantage of the con-
trolled temperature environment provided in the truck.

This publication presents infornation on improved methods for handling and
cooling cut flowers shipped by refrigerated truck. This information was devel-
oped by adapting reconrmended handling procedures for fruits and vegetables for
use wlth flowers and by conducting experiments to verify the effectiveness of
the procedures on flower shipments.

GROWER PRACTTCES AFFECTING FLoWER QUALITY

The quality of cut flowers is influenced by nany factors that occur prior,
to packing the graded flowers for long dlstance transport. 'Handling 

the flowers
improperly prior to packing can negate the benefits of good precoollng and tem-
perature control  pract ices during shipment.

Greenhouse Factors

Poor greenhouse heating, ventilating, and cooling systems can lead to flow-
ers infected with Botrytis or other dlsease organi.sms that may develop further
in transi t .  Such f lowers have a short  l i fe and low overal l  qual l ty.

Applications of phytotoxic sprays, long exposure to high or 1ow light inten-
si ty,  and improper fert i l izat ion are other factors that af fect the keeping qual i -
ty of the blooms. Excess fertil ization of chrysanthemums causes soft flowers
with poor vase life, and nitrogen-deficient soils cause hard sterns that will not
draw water after harvest.

Proper handling of cut flowers after cutting in the greenhouse and during
movement to the grading shed is essential to quality maintenance. Severe heating
and wilting of the flowers can occur during this period. Flowers bundled togeth-
er in clear polyethylene and tied with a rope or string for carrying to the pack-
ing shed can overheat and "cook. " Use of porous wraps of open, rroven materials
allows 

,heat 
to dissipate and thus reduces injury on warm days.

Dirty r.rater and storage buckets reduce flower quality. The water within a
flower stem is under tension at harvest so flower stems will quickly draw in
bacteria and other micro-organisms from a dirty bucket of water. Cell sap and
other nutr ients bleed into the water from cut stems, providing a substrate for
growth of bacteria and other micro-organisms. Water in greenhouse storage buck-
et.s should be changed daily and the containers scrubbed.

Flowers harvested in the heat, of the day can be stressed because of high
temperatures. This is especial ly t rue with dark-colored f lowers, which can be
as much as 10"F (5.5"C) r ,rarmer than white f lowers during midafternoon. Over-
heating can also occur when flowers are handled in bundles or boxes that prevent
respiratory heat fron escaping.

Exposure of f lowers to air  pol lut ion occasional ly occurs. Special  cool ing
precautions may help during periods of high air pollution. Air pollution and
ethylene problems created by growers can be easily corrected if they are recog-



nized. Exanples of self-nade air pollutlon include:

. Gas leaks in the greenhouse or packing shed

. Worn out space heaters that enlt ethylene and other combustlon
gases into the greenhouse

. short exhaust vents on heaters that permlt fumes to be drawn
into open greenhouse vents

. Flowers i .nfected with Botryt is,  Al ternaria,  and other disease
organisms that produce their own ethylene

. Bruised flowers that give off ethylene

. Use of gasoline or propane-powered forklift trucks and vehicles
in the greenhouse or packing shed

Grading Shed Factors

Alr pol lutants,  both sel f-made and natural ly occurr ing, are also problens
in the packing sheds as are dirty water and buckets. Additlonal factors con-
tr ibut ing to loss of qual i ty are:

.  Use of poor qual i ty water

.  Fai lure to use a preservat ive, a proven condit ioning treatment,
or dry handling (whichever is best suited for the particular
kind of f lower)

. Rough handling by grading cre$/

.  Exposure of f lowers to long periods without refr igerat ion

- rnadequate inventory control ,  permit t ing old and decaylng
blooms to accumulate in the eold room

. Improper cont.rol  of  tenperature and hunidi ty

The major f lower crops (roses, chrysanthemums, and carnat ions) should be
s tored  a t  32oF (0"C) .  Tempera tures  o f  41o to  45oF (5o  to  7oC)  a l low the  f lowers
to deter iorate. Long rotat ion periods also can be a problen. Roses turn blue
at the end of 10 days when placed in ldat,er for as 1itt1e as 4 hours prior to dry
storage (rs). Rewarming flowers when they are packed for shipping also contrib-
ut.es to deter iorat ion of qual i ty.

Handl ing FactoFS -Grower to Shipper

Poor temperature and humidi.ty control are conmon on many of the trucks and
vans used by wholesalers to gather flowers from individual grorders. Ethylene
contamination from exhaust can also occur. Loading and unloading of cold flow-
ers inEo a ldarm room causes moisture to form on cold blooms. This creates con-
di t ions ideal for development of Botryt is decay and other postharvest diseases.
Truck engines can contaninate a shipping shed with ethylene if perrniLted to idle
while flowers are unloaded.



MECOOLING

Temperature has a direct ef fect on the respirat ion rates of f lowers (16,

n) and on the activity of decay-causing organisms. The respiration rate ls an
index of the rate a flower (or other plant organ) is using up its stored re-
serves of sugar and other metabolites, and is, therefore, an index of the loss
in shelf  l i fe.  The chemieal react ions associated with respirat ion result  ln the
production of heat. The amount of heat generated varies with the commodity and
with i ts temperature. In general ,  the respirat ion rate increases two to four
t i .mes for each 18"F (10oC) increase in temperature. Thus, rnore heat is produced
at high temperatures and less at the low temperaLures to which the product is
cooled. Microbial organisms also are more active at high than at 1ow Eemper-
atures. Precooling and storage at optimum temperatures is required to reduce
this generat ion of heat and to slow decay.

Unless f lowers are undergoing a special  postharvest t reatment ( f f ) ,  such as
pulsing with a preservat ive solut ion, opening, or t int ing with dyes, they should
be kept aE the storage temperatures listed in Appendix 1. Unpacked flowers can
be quickly cooled and kept at proper Eenperature by placing then in a refriger-
ator. In most cases, the field heat. can be removed fron bunched flowers in
about 20 min by placing individual bunches in a refrigerator. Packlng the flow-
ers in boxes or stacking bunches in piles will restrict the movement of refrig-
erated air to the flowers and will increase the time required to remove the
field heat. It can take 2 to 4 days to cool a stack of packed boxes of warm
flowers. A warm load of flowers in a refrigerated truck will never reach recom-
nended temperatures during a 3- to 4-day tr ip ( I9).

Under present procedures, the cooling of packed flowers is the weakest link
in most handling systems. Producers of fieldgrown flowers find that they eannot
take advantage of field packing because they lack a nethod of quickly removing
field heat. Flower shippers also recognize that flowers shipped by truck do not
always arrive in good condition because they reach excessively high temperatures
in transi-t. TemperaE.ure problems in transit can be greatly reduced by use of
forced-air  cool ing pr ior to shipping.

Forced-Air Cool ing

Forced-air cooling is a nethod of noving refrigerated air through a packed
box of flowers to quickly reduce their t,emperatute (Zr 8r 9). l{ost flowers can
be cooled to recommended temperatures in 45 min to an hour, and some cut flowers
can be cooled in as few as 8 rnin. For small volunes of packed flowers, this is
done by stacking boxes around a fan inside an exlstLng refrigerator. In larger
systeos, many fans are permanently mounted against a wall, and pallet or cart-
loads of boxes are positioned next to the fans. The refrigeratlon system is
careful ly designed and sized for forced-air  cool ing.

Cool ing Time Cal cul ations

In this publication, the tine necessary to reach a desired tenperature is
expressed in terms of a typical cooling curve. The seven-eighths cooling time,
or the time necessary to drop the tenperature of the flowers seven-eighths of
the way from the initial temperature to the tenperature of the cooling air, is
considered the nost reaningful polnt in the cooling curve (fig. 1). The rate of
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cooling becomes very slow as the temperature of the flowers nears the temper-
ature of the refrigerated air. Consequently, the flowers are seldom cooled all
the way down to the tenperature of the cooling air. In figure 1, one hour of
cool ing (seven-eighths cool ing t ine) is required to reach 40"F (5"C) (seven-
eighths cool ing temperature),  and calculat ions indicate that 3 hours of cool ing
would be required to reach close to 35oF (2"C), the cool ing air  tenperature.

Fans

Forced-air coolers utilize centrifugal (more commonly called squirrel cage)
or axial flow (propellor) fans. Centrifugal fans are much quieter than axial
flow fans but may require greater horsepower to operate. Fans are selected on
the basis of two criteria--the required airflow, measured in cubic feet per min-
ute (cfur),  and the required stat ic pressure, measured in inches of water.  The
specifie requirements are determined by the types of flowers, the number of
boxes, the venting of the boxes, and the rate of cooling desired.

Table I shows the airflow and pressure needed to cool one box of a specific
type of flower. The airflow (in cubic feet per minute) requirement for a system
can be determined by urultiplying it by the number of boxes to be cooled and by
adding an extra 25 percent capacity to conpensate for air leaks. The number of
boxes cooled should be based on the rnaximum number handled on a peak day (such
as the period just before a holid"y). It is not advisable to use higher air
rates than those listed in the table. They will not significantly decrease
cooling tines and will require excessive amounts of energy. The pressure drop
for the systems is equal to the pressure drop across one box plus 25 percent
additional pressure as a safety factor. (Stacking boxes end to end is not rec-
ommended for the precooling operation. )

Air Temperature



TABLE L.'-Fotced-ait cooTirg: vatious static pressuresr aitfTows, and
cooTirry tines requited to cool orrc box of specific tgpe of fTowets

Stat ic pressure

0.5 lnch 1.0  inch 2.0 inches
Type of
flower Air f low 7/8-cool ing

time
Airf low 7/8-cool ing

tlme
Airf low 7/8-cool lng

time

Carnat ionsl
Chrysanthemums2
Gypsophila3
Roses4
Sta t ice5

Cf n/box llfjnutes

70
80

170
140
150

48
62
10
34
40

Cfn/box

90
130
260
200
210

Minutes

40
58
8

25
18

Cf nlbox

1l_0
210

290
280

Minutes

35

?!
20
13

lCarnation box slze 48 by 2L by L2 inches, wlth two, 2-lnch dianeter
vent holes in each end and 51 lb gross weight.

2Chrysanthemum box size 57 by 2L by 12 lnches with Ewo, 2-inch diameter vent
holes in each end and 33 lb gross weight; 45-1b box will allow 50 percent less
air through box.

3Gypsophila box sLze 42 by 2L by L2 inches with two, 3-inch diameter vent
holes in each end.

4Rose box size 48 by 21 by 12 with two, 2-inch dianeter vent holes ln each
end with 20 bunches in box.

Sstatice box size 42 by 2L by 12 inches with two, 3-inch diameter vent holes
in each end and gross weight of 75 lb.

Figures 2 and 3 illustrate two nethods of settlng up a small portable
forced-air  cool ing systen Ln an exist lng refr igerator.

Canvas Cloth Reinforced
wilh Wood Strips

Properly
Sized Fan

Time Glock Gontro
of Fan lo Prevent
Unnecessary 0perat ion

Gold  A i r  In

Figure 2.--Portable forced-alr  cooler designed for 8 to 10 boxes of f lowers.



Time Glock Gontro l
of Fan to Prevent

Plpvood Plenum for Air Distr ibut ion

Cold Ai r  In
Properly Sized Fan

lr iw Density Polyfoam Seal
Figure 3.--Forced-air  cooler designed for up to 25 boxes of f lowers.

Precooling facilities that handle more than 30 to 40 boxes per hour must bedesigned specif lcal ly for f lowers. Boxes are often handled in stacks of s ix toeight high and are set on wheeled dollies or pallets. The unit of boxes isplaced in front of  an air  plenun cal led a cold wal l  ( f ig.  4).-- t te holes in theplenum open autornatically, causing cooling to begln. The units of boxes alsocan be stacked in two columnsr separated by several feet, next to a fan opening.The space between the colunns is covered by a canvas cloth, causing the air tobe pul led through the boxes (see f ig.  5).

Gold
Air  ln

Figure 4.--Large-scale cooring faci l i ty or cold wa1l system.
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Refr igerat ion Goi ls
Designed to Mainta in
High Humidi ty

Figure 5.--Large-sca1e cool ing faci l i ty for cold room.

Refrigeration

The refrigeratlon system must be designed Eo maintain a temperature equal
to the lowest storage temperature of the crops belng cooled (often 32"F). The
actual refr igerat ion requirement necessary to cool f lowers to 32"F (0"C) should
be determined by an engineer but can be esti.mated as follows:

Ifiatcimum nunbet of
boxes coofed per lrcur

5
l 0
20
40

As nentioned prevlously, ethylene
8reir. If care is taken to insure that

Approx ifttate ref r ige rat ion
capacitg teeded (tons)

2-3
3-4
6-8

I2-T6

is a potential problern in any enclosed
products of conbustLon from heaters or

8

Many existing refrigeration units can handle the heat load fron 5 to l0
boxes per hour. Insufficient refrigeration capacity wlll cause lncreased
cooling times because it will not naintaln consLstently low air temperatures.
It may result in low humidity which will increase dessicatLon of ttre fl-owers.

The relative hurnidity in the refrigerator should be aborrt 95 percent. This
high relatlve hurnidity can be naintained by several methods. In a small system,
periodic hosing down of the walls and floor can help keep the hunidity high,
although more frequent defrosting of coils will be required. In systems de-
signed for precooling, high huoidity ls maintalned by the use of a large refrig-
eration coil surface and a humidifier or by the use of a wet coil systern.



engines are kept away from the cold room, no special ethylene scrubbing appara-
tus appears to be necessary. If ethylene appears to be a problen, ventilation
of the cold room is effective in rnaintaining near ambient levels of ethylene in
the cold room. A ventilation rate of one air change per hour, which is often
caused by nornal traffic through the cold room, is recommended. Ethylene levels
measured in several eooling facilities in Californla were found to be below the
levels that would cause injury.

Forced-Air Cool er 0peration

Proper packing of the f lowers is vi tal  to effect ive precool ing. A11 paper
that inhibits uniform horizontal movement of air through the box must be elimi-
nated. Paper placed on the ends of the box will prevent cooling air from reach-
ing the flowers. Flowers should be secured in the box, maintaining a l- to
2-inch separation between the flower heads and box ends. This spaee allows the
cooling air to be unifornly distributed in the box.

The time required for individual boxes to be cooled varles significantly.
Dif ferent f lower species cool at  di f ferent rates. Incorrect placenent of paper
or sleeves can retard or prevent cooling. The number of boxes on the cooler can
affect cooling times. These facts require that teraperature of the products be
monitored closely during cooling. Boxes should be removed only after the ten-
perature of the flowdrs inside the box has been checked. A thermometer with a
long hypodermic needle probe is ideal for checking Lemperatures. The tenpera-
ture at both the warm and cool end of the box should be checked. Data sheets,
lndicating the initial and final temperature of all loads of boxes, should be
k e p t .

The amount of tine necessary for
the initial temperature of the flower,
desired frour table 1, and calculat ing
dix II. The estimated tirne should be
longest to cool.

precooling can be estimated by measuring
deterrnining the percent cooli-ng time

cooling tines with the formulas in Appen-
based on the type of flowers that take the

During the cooling process, the level of cooling can be estimated without
actually measuring flower tenperatures by rneasuring the tenperature of the air
after it passes through the flowers. This temperaLure will always be colder
than the flowers, but wi-th some experi.ence an operator can determine what air
temperature corresponds to the desired flower temperature. This rnethod should
only be used as an indication of flower temperature. Actual temperatures of
flowers should be measured before removing them from the cooler.

The cooling facility should be planned to allow a smooth flow of boxes from
the packing area to the cooler and from the cooler to a holding and staging
areao Adequate space must be provided for electric lift trucks. Boxes should
be loaded directly fron the staging area into highway trucks. Foam or air-
inflated pads can be used to seal a refrigerated trailer to a door in the stag-
ing area that opens directly to the trailer. In most situations, the cooler
should be designed to allors for future expansion.



REFRIGERATED IRAILER EQUIPMENT

l,lethods of Refrigerating Trail ers

Two types of thermostatically controlled mechanlcal units are most conrmonly
used on refrigerated trai.lers. One type (nosenount) has the engine, condenser,
and other accessories mounted on the nose of the traller, with the evaporator
coils and air-circulating fans located on the opposite side of the bulkhead,
inside the trailer. The other type (undermount) has the porler unLt and accesso-
ries mounted under the frame of the trailer, with the evaporator coll and fans
high inside the front end of the trai ler (4).

Mechanical refrigeration unlts are rated accordlng to their abllity to re-
nove heat. The capacity of a unit is expressed in the number of British therrnal
unlts (Btuts) per hour that the unit can remove at 100"F (38'C) outslde and at
ei ther 35"F (2"C) or 0"F (-1B'C) inside temperature. The refr igerat ion capacity
needed for a particular vehicle will depend on the amount of heat to be renoved
and the extra (reserve) capacity desired.

If the thermostats that control the refrigeration unit are out of cali-
bration, air temperatures will be above or below the actual setting. Cali-
bratlon of the thernostat should have high prlorlty on the refrlgeration systen
maintenance schedule. A thermostat out of calibration by several degrees uay
result in severe damage to the product by chill lng, freezing, or overheating.
Because each nake of thermostat varies, the operatorrs nanual should always be
consulted for particular characterlstics of the thermostat before it is set.

Freezing nay occur when the thernostat is set near 32"F (0"C) because the
dlscharge air rnay be several degrees below the set point. The thermostat sens-
ing bulb is usually locat.ed near the air intake where the air returrrs to the
blower system. It measures the temperature of the air after it has been warmed
by the heat in the load; however, the air being dlscharged fron the refrlg-
eration unit uray be more than 10" colder than that measured by the senslng bulb.
For example, i f  the thermost,at is set at  33oF (1'C) and i t  is operat ing on the
low side, then the air aE the discharge point nay be in the lord twenties. Con-
sequently, the product in the top layers of the load is in considerable danger
of f reezing.

Ternperatures nay range above or below the actual thermostat setting in nost
refrigerated vehicles due to cycling of the compressot (4). Some compensation
in thermostat setting above the optinum is needed to prevent freezing or ch111-
ing damage. No easy rule or formula can be set forth. The best thermosEat
setting will have to be deEermined by the operator of each vehicle, based on the
desired transit temperature, the openness of the load, and the operating charac-
ter ist ics of the equipnent.

Air Circul at ion

Provision should be nade for the refrigerated air to circulate unifornly to
all parts of the load. For air movement, space is left between the ceiling and
the top of the 1oad, ribs are built into the slde walls and rear doors, and rec-
tangular or T-shaped grooves are used in the f loors ( f lg.  6).
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F igu re  6 . - -0ne  t ype  o f  i n te r i o r  r e f r i ge ra ted  t ra i l e r  w i t h  f a l se  bu l khead  wa l l s ;
ho les  " : 11ow a i r  Eo  re tu rn  t o  un i t .  Canvas  duc ts ,  suspended  f rom ce i l i ng ,
d i rec t  d i scha rge  a i r  t o  rea r .  T -shaped  f l oo r  g rooves  and  s ide  wa l l s  a re
r i b b e d .

C i r cu la t i on  o f  r e f r i ge ra ted  a i r  r emoves  hea t  gene ra ted  by  resp i ra t i on  o f
t he  p r :oduc t  and  hea t  conduc ted  th rough  the  wa l l s ,  ce i l i ng ,  and  f l oo r  f r om the
ou ts ide .  To  assu re  un i f o rm  a i r  c i r cu la t i on ,  canvas  duc ts  usua l l y  ca r r y  t he  a i r
f r om the  b lower  t o  t he  rea r  o f  t he  veh i c l e .  F ree  passageways  th rough  the  l oad
rnus t  be prov ided for  t i re  a i r  to  return Eo Etre b lower in take.  At  leas t  4  inches
o f  f r ee  space  shou ld  be  l e f t  be tween  the  rea r  doo rs  and  the  end  o f  t he  l as t
s t a c k  i n  t h e  l o a d .  B r a c i n g  i s  n e e d e d  t o  p r e v e n t  t h e  l o a d  f r o m  s f i f t i n o  h a n L -

wards .

Both l ' :ngthwise a i r  channels through the load and space for  a i r  nrovement
unde r  t he  l oad  nus t  be  p rov ided  i n  f l ower  sh ip raen ts .  l l os t  modern  t ra i l e r s  have
deep -channe l  f l oo r  g rooves  fo r  unde r - t he - l oad  c i r cu la t i on .  F loo r  racks  shou ld
be  used  i n  veh i c l es  w i t hou t  g rooved  f l oo rs  and  i n  o lde r  t r a i l e r s  w i t h  sha l l ow
f l o o r  g r o o v e s .

The a i r  return ing to the b lower through and under the load must  not  be
blocked at  the bulkhead.  Channels are needed to d i rect  the a i r  to  the b lower
in take .  Th i s  can  be  acco rnp l i shed  by  a t t ach ing  ve r t i ca l  s t r i ps  abou t  2  i nches
th ick between the bulkhead and the f i rs t  s tack in  the load or  by construct ing
a  " s ta r te r  s tack "  w i t h  ve r t i ca l  channe l s  t o  d i rec t  t he  a i r  t o  t he  b lower  re tu rn
( f i g . 7 ) .
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F igu re  7 . - -Bu l khead  w i thou t  f a l se  wa l l s ,  and  ve r t i ca l  and  ho r i zon ta l  wood  s t r i p

added to Prevent  a i r  b lockage'

BOX STANDARDIZATION

The  l ack  o f  un i f o rm  s i ze  and  s t y l e  boxes  p reven ts  t he  use  o f  e f f ec t i ve  l oad

pat terns.  I r regular  s izes of  boxes of ten cause poor a i r  c i rcu lat ion through the

load and var iat ion in  temperature at  var ious posi t ions in  the load'  Loading

va r i ous  s i zes  and  s t y l es  o f  boxes  i n to  a  t r a i l e r  a l so  reduces  Ehe  l oad  capac i t y '

wh i ch  rnay  i nc rease  the  cos t  o f  t r anspo r ta t i on  ( f i g '  B ) '

loaded wi th f lower boxes and no provis ions for  a i r  c i rcu lat ion '

I
I

? " 1'21

d
au
I
0 ,

1
t
I

Figure  8 . - -A  t ruck
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In cooperation with the floral industry, three standard-sized boxes were
selected for flowers thaL are packed flat (19). The sizes selected, based on
outside dlmensions, are as fol lows:

inches (102 by 51
inches (L22 by 5L
inches (132 by 51

The 20- by l2-inch (51 by 30 cn) dirnenslon was selected on the basis of fit in
the inside dinension of standard refrigerated trallers. A high percentage of
trailers are 88 inches (223 cn) wide or wider. A 20-inch (51 cn) wide box al-
lows four rows of boxes to be placed across the trailer plus an adequate allow-
ance of space between boxes for air circulation. The 12-inch (30 cn) high di-
mension allows eight boxes high to be stacked in the traller with enough space
to prevent blockage of the flexible ducts carrylng the air from the blower to
the rear of the traller. The dinensi.ons of 40, 48, and 52 inches (102, L22, and,
132 cn) were recomnended to acconnodate the varlous flowers and length of stems
marketed. Ilamper boxes need to be standardized to natch the width dimension of
cut flower flat boxes.

. Box Style

The proper style and construction of individual boxes plays a najor part in
delivering the best quality flowers to narket. Boxes must be constructed to
naintain adequate strength in a high hurnidity atmosphere and to withstand over-
head weight resulting frorn stacking eight boxes high. I

The nost common naterial used for flower boxes is corrugated fiberboard.
Corrugated fiberboard is made up of several layers of containerboard, each with
its own specifications. The types recommended for flower boxes (3) consist of a

-Inside l iner 42 Lb

Corrugated
nediun 33 lb

Outside l iner 69 lb

Slngle wall corrugated

69-1b outerliner, a 33-1b corrugated nedltrm, and a 42-Lb lnside liner lrith a
250-1b test board. The pound Eest board refers to the bursting strength of the
llner board, expressed ln pounds per square inch. The single wall corrugated
sheet (double faced) should be nanufactured nith water-resistant adhesLve
because of high hunidity conditions durLng precooling and transportatlon (3).

The recommended box style for flowers is a full telescope design box (fig.
9). Thls style adds extra stacking strength to the container, affordLng better
protection to the flowers. The lid covers the staples or nail-s used to hold the

40
4B
52

by 30 cn)
by 30 cn)
by 30 cn)

by 20 by L2
by 20 by L2
by 2O by L2
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Figure 9.--Furr telescope design box with vent hores.
wood cleats and affords protection to box handlers. The box "blanks'. are usu-ally shipped flat and assembled with staples on a box stltcher at the packing-
house' care should be taken to use six staples per f lap. overst l tching orunderst i tching can cause weakening of the cintafner ( f) .  Boxes used forforced-air  cool ing must have air  vents on each end of the box. Total  vent sizeshould equal an area equivalent to 5 percent of the total end area. The box lidcan be made with flaps to allow sealing of the vents to help maintaln flowertemperature if the box is placed in an uncontrolled tempe..i,r." environment
during shipment.

Loading Patterns
Arrangement of boxes in a transport vehicle is important to provide ade-quate air  c irculat ion in the load. Stacking patterns used in trucks should meetthe  fo l low ing  requ i rements  (U) :

.  Have adequate channers for air  c ircurat ion throughout road

. Help prevent, container failure and commodity damige

. Be suff ic ient ly stable to remain intact dur ing tr insi t

.  Be readi ly adaptable to any size of t ruck

. Be compact enough to provide a full payload

. Be pract ical  and easy for loaders to use

. Permit  rapid stacking

Tno types of loading patterns have been used with standard size flower
boxes'  Figure 10 i l lustrates a channel air f low pattern, which leaves cont i .nuous
lengthwise, vert ical  channels between the rows of boxes. fn.  top layer of boxes
i 's staggered every stack. This pattern al lows air  to circulate through the
channels;  however,  shi f t ing of the l ightweight boxes during transi t  uny block
the air  channels.

Figure 11 i l lustrates the recommended pigeon hole stacking pattern for cutf lowers'  This pattern al lows air  Eo circulate frorn the rear to rhe front of  thetrai ' ler through lengthwise channels in al ternate layers of the load and alongthe side wal1 in the oEher layers ( f ig.  11) (20).  The top layer is staggeredevery other stack. Next to the front bulkhead, a head stack is required in thepigeon hole pattern to al low the air  to return (rnove upward) to the refr igera-
tion unit unless Ehe bulkhead had built-in space as described in the equipnentsect ion'  At presentr the pigeon hole pattern is the best type of road pattern
fo r  cu t  f lowers .

r-20"-r

3" dir. holat. both rrdt
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Figure 10.- -Channel  loading pat tern wi th

s tagge red  eve ry  s tack .
top layer of boxes

F igu re  11 . - -P igeon  ho le  paE te rn  w i t h
channels down

channels in alternate laYers and

s ide  wa l l .
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Preloading Trailer Equipment Check

The following checklist can aid the driver or loading forenan in preparing
and loading a refrigerated trailer rdith cut flowers (4 ):

y' C1eaning.--Has the vehicle been swept, or washed to remove dlrt, odors,
and debris? (Debris in the floor or side wall air grooves will irnpede
a i r f low) .

y '  General  naintenance.-(1) Have protruding nai ls,  screws, or staples
f f i e n i n ? ( 2 ) I { a v e r e f r i g e r a t 1 o n d u c t s b e e n c h e c k e d
to see that they are in proper repair? (3) Have doors been checked
for missing or broken gaskets?

/ Refr i -gerat ion system.--(1) I las the refr igerat ion system been checked
to see it it is working properly, and is it responding to the thermo-
stat? (2) Does the heating system work during cold weather and is
plenty of heating fuel availabl-e?

y' Precooljlg.--Has the vehicle interior been preeooled to near the
Gffid transit temperature for the flowers?

y'  Loading.--(1) I las a sui table load pattern for the f lowers and type of
container been used?. (2) Ilas the load been braced to prevent load
shifting and blockage of air channels within the load?

y'  After loading.-- Is the thernostat set correct ly?

FLOWER TEMPERATURES IN TRANSIT

Temperatures of flowers during truck transit. from California to nidwestern
and east coast dest inat ions were monitored to demonstrate the effects of pre-
cool ing, load patterns, and box standardizaEion. Temperatures rdere nonitored
at var ious t imes of the year with di f ferent kinds of f lowers. Ini t ia l  tests
were with conventional truck shipnents comprised of noncooled cut flowers
packed in various sizes of shipplng containers with no regular load pattern.
Other shipnents were made with precooled and noncooled flowers in the sane
truck. Temperature data were also obtained for full truck loads of noncooled
flowers packed in recommended standard size containers and loaded in a channel
loading pattern and full loads of precooled flowers packed in standard size
containers stacked in a pigeon hole loading pattern.

Tenperature data were obtained with commercially available recording ther-
mometers placed inside the flower boxes and positioned at various locations
within the truck. The locations were top, rniddle, and bottour layers for the
one-quarter length (frorn the front), one-half length, and three-quarters length
of the truck. In addition, a recording thermometer was placed in the air dis-
charge duct and in the reEurn duct of the truckfs refrlgeration unlt.

Shipments with Noncooled Flowers lf ithout a Planned Load Pattern

The average transit tenperature for noncooled flowers packed in varlous
sizes of contalners without an organized load pattern is shown in figure 12.
The refrigeration unit of the truck had an average discharge air temperature of
31oF (-0.6oC) for the 90-h tr ip;  however,  the di f ference between the highest
and lowest temperatures lnside flower boxes at varLous locations was 25oF
(16'C).  The average temperature during 90 h for top, middle, and bottom layer
loca t ions  was 43"F (6 'C) ,45oF (7 'C) ,  and 46oF (8oC) ,  respec t ive ly .  The aver -
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Figure l2.--Average transit ternperature of noncooled flowers at various loca-

tions in a refrigerated truck, loaded wlth a mixture of box sizes without a
planned loading pattern to provide air channels.

age temPerature during 90 h fot one-quarter length, one-half length, and three-
quar te rs  length  loca t ions  was 48oF (9 'c ) r  44"F  (7 'c ) ,  and 43"F (6oc) ,  respec t -
ively.

The differences Ln temperature during transit among the various locations
in the load indicate that the discharge air was bypasslng the load. The dls-
charge air was cooling the rear and top layers of the load only. This test
shiprnent demonst.rated rhat a wide range in tenperature results fron a lack of
precooling, the absence of air channels provided by a loading pattern, and a
lack of standard sizes of boxes.

Shipnnnts of Standard-Sized Boxes with a Channel Load Pattern l{ithout precooling

The average transit temperatures at various locations in the load of flow-
ers packed and shipped in standard-sized shipping containers (52 by 20 by 12
inches) stacked in a channel load pattern is shown ln figure 13. The reiriger-
at ion unit  of  the truck provided 30oF (- loC) during the 56-h transi t  pertodj
however, the difference in the flower boxes between the average high i"rp"..t,rr"
and average low tenperature was 15'F (8.5"C). The average return air tempera-
ture was 45"F (7"C).-  The_average tenperature for the top, niddl-e, and bottom
layers  was 45"F (7"C) r  4B"F (9"C) ,  and 5 loF (10oC) ,  , " "pe" t t . r "1y .  The average
temPerature in the one quarter length locations was 46oF (8"C); one-half length
locat ion, 45oF (7oc);  and three-quarters length locat ion, 52"F (11.c).  The iast
stack in the load was made up of harnper-style boxes, whi.ch blocked the airflow
through the lengthwise channels in the load. Blocking the channel-s caused the
discharge air to bypass the rear stacks of boxes and the botton layers. Addt-
tional blockage of the channels resulted fron shifting of the load at about 14 h
into the transit period.
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Figure 13.--Average transi t  tenperature of noncooled f lowers at var ious loca-
tions in a refrigerated truck and packed in standard size boxes loaded in a
channel loading pattern.

This trial showed Ehat the channel load pattern alded in removing heat frour
the flowers as long as Lt remained intact. The pigeon hole load pattern ls more
stable than the channel load pattern and is less prone to blockage.

Shipments of Standard-Sized Boxes tf ith a Pigeon Hole Load Pattern l l i th
Forced-Air Cool ing

Transit  temperatures of forced-air  cooled f lowers packed in standard size,
52- by 20- by 12- inch boxes placed in a pigeon hole loading Pattern are shown
in f igure 14. The average high temperature was 37"F (3oC), and the average low
temperature was 32oF (0"C) during 48-h transi t ,  a 5oF (3"C) di f ference. The air
return temperature averaged 35oF (2'C).  The average temperature for top and
rniddle layer locaEions was 34oF (1'C) and for botton layer was 35"F (2"C). The
average temperature in the one-quarter length location was 33oF (0.5oC) and ln
the one-half  and three-quarters length was 34"F (1"C). This tr ia l  i l lustrates
that unifornly low temperatures can be achieved through proper forced-air
cooling, box standatdizatLon, and use of a load pattern that provides adequate
air f low.
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Figure 14.--Average transi t  temperaEures of forced-air  cooled f lowers at var ious
locat ions in the load; f lowers packed in standard size boxes placed in a
pigeon hole loading.

DISCUSSION

Cut flowers from California producing areas can be successfully shipped by
refrigerated highway trucks maintaining proper transi-t temperatures and a high
qual i ty product.  To achieve opt imum results,  certain condit ions and pract ices
have to be fol lowed by growers, packers, shippers, and transport  companies. At
the grower level, high-quality flowers must be produced in the greenhouse
through proper hort icul tural  pract ices. After harvest,  one cf the most cr i t ical
factors is maintaining proper temperature of the f lowers. This publ icat ion pre-
sented informati.on on inproved nethods for handllng and cooling cut flowers for
shipnent by refrigerated truck. The refrigerated highway truck was not designed
to carry perishable coumodit ies that are temperature-sensit ive, such as cut
f lowers. To effect ively use the refr igerat ion capabi l i t ies of the truck, the
cut flowers should be cooled to the proper temperature before loading.

Various types of forced-air coolers can be used, fron small models that can
cool 8 to 10 boxes per hour to larger facillties that handle 30 to 100 boxes per
hour. Flowers nust be packed in standard-sized boxes with vent. holes to allow
proper cooling. Standard-sized boxes that are 20 inches wide and 12 inches high
can be loaded in the truck, using a pigeon-hole loading pattern. This method of
stacking allows for proper air circulation throughout the load and enables the
truck refrigeration unit to maintain desirable transit temperatures for the cut
f lowers .
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APPENDIX I

Stotage tecofitrrandations for cut fLowers, fLorist gteens' cuttirrys,
bu7bs, and misce-Z.l.aneous nurserg stockl

Connodity
Storage
temper-
ature

Approxinate
storage
period

Highest
freezing
point

Cut f lowers:
Acacia---
Anemone--
Anthurium
Aster,  China----
Babysbreath-------
Bird-of -paradise-f  lower---
Bouvardia
Buddleia-
Calendula
Ca1la----
Canellia-
Candytuft--------
Carnat ion
Chincherinchees---
Chrysanthemum-----
Clarkia--
Columbine
Coreops is
Cornflower--------

Daf fod i l s  (See  Narc i ssus )
Dahlia---
Daisy,  Engl ish--
Daisy,  Shasta-- -
Delphinium
Euchar is-
Feverfew-
Forget-me-not-----
Foxglove-
Freesia--
Gail lardia--------
Gardenia-
Gerbera--
Ginger---
Gladio lus
Glor iosa l i ly - - - - -
Godet ia--
IIeath----
Hel iconia
Hyacinth-

See footnote at  end of  table.

oF

40
45
56
40
40
45

32-35
40
40
40
45
40

32-36
40

32-35
40
40
40
40
40

40
40
40
40

45-50
40
40
40

32-33
40

32-33
35
55

3s-s0
40-50

50
40
55

32-33

3-4 days-
1-2 days-

oF

25.6
28.2

19:1
3-4 weeks
I week---
1-2 days-
3-4 days-
I week---
1-2 days-
3 days---
I week---
3-6 days- 30.7
3 day
3-4 weeks 30.8
6 weeks--
3-6 weeks 30.5
3 days---
l -2  days-  31 .1
3-4 days-
3  days- - -  31 .0
3-4 days-

3-5 days-
3 days---
7  days- - -  30 .0
1-2 days- 29.2
7-10 days
3 days- - -  30 .9
1-2 days-

--do-----

2 weeks--
3 days---
2 -3  weeks  31 .0
2 weeks--
3-4 days-
6-8  days-  31 .4
1 week---

--do-----
--do-----

3-4 days-
2 weeks--

28.7

31 .4
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Storage tecowrendations fot cut fTowets, fToristr -fTotist gteen, cuttitgs'

bu7bs, and misceTTareous nutsetg stock I --Continued

Conmodity
Storage
t.emper-

ature

Approximate
storage
period

Ilighest
freezing

polnt

Cut f lowers--Continued
Ir is,  bulbous--
Lacef lower--------
Li lac, forced---
Lily-----
Lily-of-the-valley
Lupi.ne---
Marigolds
Migonette
Narcissus (daf f  odi ls )-----
Orchid
Poppy----
Peony, tight buds---------
Phlox----
Poinsetta
Primrose-
Ranunculus--------
Rose ( in preservat ive)----
Rose (dry packed)--
Snapdragon--------
Snowdrop-
Squill---
Scat ice (see lavender)-----
Stephanotis-------
Stevia---
Stock----
Strawflower, f resh
SweeE pea------
Sweet-wi11
Tulip-----
Violet,  sweet--
Zinnia---

F lo r is t  g reens :
Anthurium
Aspara gus (Plumosus )------
Bo><wood---
Camellia-
Cedar----
Croton---
Dieffenbachia-----
Dracaena-
Eucalyptus--------

See footnote at  end of  table.

oF

3L-32
40
40

32-35
3L-32

40
40
40

32-33
45-50

40
32-35

40
60
40
40

35-40
32

3L-32
40

32-33
35
40
40
40
35

3L-32
45

3L-32
33-40

40

40-45
32-40

32
40
32

35-40
55

35-40
35-40

oF

2-4 weeks 30.6
3 days---
4-6 day
2-3 weeks 111
3 days-------:----
1-2 weeks
3-5 days-
10-21 da 31 .8

3L.4
3-5 days-
4-6 weeks 30.1
L-2 days-
2-3 days 30 .1
L-2 d,ay

2 weeks

2-3 days-
4-5 days-
1-2 weeks
3-4 weeks-
2-4 d.ays-'
2 weeks--
6 weeks
I week----
3 days---

--do-----

6 weeks--
1-2 weeks
3-4 days-
4-8 weeks
3 days- - -  28 .8
I week---

26 .O

29.1
28 .8

; ; . ;
3L.2
3L.2
30 .4

31 .3

30 .4
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Stotage recomnendatjons for cut flowetst
buTbs, and miscef,lareous nutserg

fTotist g reens, cuttirgs,
stock I --Cont inued

Conmodity
Storage
temper-
at.ure

Approxinate
storage
period

Ilighest
freezlng
point

Florist greens--Contl-nued
Ferns:

Adiantun (rnaidenhaf r ) ---

Brake----
Dagger and Wood ferns---
Leatherleaf (Baker)-----
Staghorn-
Woodwardia--------

Galax----
Groundpine--------
Ho1ly-------
Huckleberry-------
Ivy, English------
Juniper--
Leucothoe, drooping-------
Magnolia-
Mist letoe
Mountain-laure1---
Palm-----
Peperomia
Philodendron------
Pittosporum-------
Podocarpus--------
Pothos--
Rhododendron------
Salal, lemon leaf---------
Scotch-broom------
Smilax, southern-
Tl (pa]-n 1r1y)----

Bulbs, corms, rhizomes,
tubers, and root.s:

Alstroemeria------
Amary11ls
Anemone, Wacabrl
Begonia--
Blet i l la orchid---
Caladlum, fancy-1eaf------
Calla----
Canna----
Crocus
Dahl1a---
FreesLa--
Gladlolus

See footnote at end of table.

o!'

32-40
32

30-32
34-40

55
32-40

32
32
32
32
32
32

35-40
3s-40

32
32
45

35-40
35-40
35-40
40-45
35-40

32
32
40
40
40

40-50
38-45
70-75
45-60
3s-40
50-60
36-40
40-45
48-63
40-45

86
38-50

oF

28.9

4-5 weeks
1-4 weeks

27 .0
26.7
29.9

L-4
3-4
L-4

weeks
weeks
weeks

27 .0
25.O
27 .6

27 .9

1-4 weeks 27 .6
26.8

5 months-
2-3 nonths--------
3-5 nonths

19:1
31 .1

29.7
27 .5

2-3 nonths
5 rnonths- 28.7
3-4 nonths--------
5-8 rnonths-------- 28.2
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Stotage teconwendations fot cut flowets,
bulbs t and mjscel.f,aneous nurserg

flotist llt€€rrs 2 cutting s,
stock I --Cont inued

Conmodity
Storage
temper-
ature

Approxinate
storage
period

Highest
freezing
point

Bulbs; coftnso . .--Cont inued
Gloxlnla-
Hemerocallls (dayllly)----
Hyacinth-
Ilymenocallls ( Isrnene)-----
Iris, Dutch----
L i l y :

Glor iosa-
Longif lorir-rn ( Easter )---
Candidun and Regal
Specioswr (Japanese)----

Lily-of-the-va11ey
Muscari
Narci
Peony
Snowdrop-----
Squ111
Taro-----
Trill iun-
Tuberose-
Tul ip ( for forcing)
Tul ip ( for outdoors)

Cut t ings :
Azalea, unrooted-
Carnation, rooted and

unrooted.
Chrysanthemum, unrooted---
Chrysanthemum, rooted-----
Evergreens and other

woody ornamentals,
roo ted .

Nursery stock:
Asparagus rhizomes-
Blueberry wood, unrooted
Christmas trees----
Conifer seedl ings
Flower seedlings
Herbaceous perennlals-----
Herbaceous perennlals-----
Rose budwood------
Rose bushes-------
Seeds----
Strawberry plants-

See footnote at end of table.

o F

50
50

55-70
s5-60
60-85

63
31-33
31-33
31-33
25-28
48-50
48-63
33-3s
55-60
5s-60

45
33-35
40-45
40-50
3L-32

31-40
31-33

31-33
31-35
32-35

5-7 nonths--------
1 nonth--
2-5 nonths--------

o F

l3:l
29.3

4-12 rnonths-------

3-4 nonths--------
1-10 rnonth 28.9
l--6 months--------

--do-----

I year---
2-4 rnonths--------

5 nonths-

4 nonths-----
27 .6
27 .6

2-4 months

4-10 weeks--------
5-6 month

5-6 weeks
3-6 weeks
5-6 uronth

5 nonths
6-7 weeks--
4-6 rnonth
2-6 weeks
4-8 month
3-7 nonths
1-2 years
4-5 nonth
I year---
8-10 months-------

30-32
30

22-32
32-35
35-40
27-28
31-35
2B-31

32
32-50
30-32
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stotage recomlendatjons fot cut fTowets, fTotistr-fforist gteen, cuttilgs,
bulbs, and misceJ,-Z,areous nurserg stockl --Continued

Comrodity
Storage Approxlruate Highest
temper- storage freezing
ature period point

Nursery stock--Continued o1l
T ^ - - ! -  - i  

t -  o F

I:5:""11"$il;;_:__:--_: ii:33 i:l ffn;;_::_:-:-::::: ::i:
l lutz,  J.  M.,  and nardenburg, R. E. The commerciar storage of f rui ts,vegetables, and f lor ist  and nursery stocks. u.s.  Department oi  Agricul ture,Agricul ture l tandbok No. 66, p.  56--5g. Lg77.

APPET{DIX II

The following equation can be used to calcurate the tine requlred to coola box of f lowers to a specif ic temperature:

r = r. Lo7 v Los (#)

where

? = t ime (minutes) to cool to temperature F
v = 7/8 cool ing t ine (minutes) fron table 1
.9 = temperature (" f)  of  product in i t ia l ly
,1;' = tenperature ("f) of product when cool
I t t  = temperature ( 'F) of  .cool ing air  enter ing box

rf y cannot be found on table I because airflow is not known or a dlffer-ent flower box species is being cooled, the following forrnula can be used tocalculate y:

v= r#")
\ u*/

where rt  sr Ft Mt are measured und.er actual operat lng condit . ions.

* us GovERNltenr pilHrrHe 0FFICE: tgtg_6g1_a}s/267
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