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MaryTraversgracefulblondewiththewillowyvoice;,"receivesanequallygracefulorchidbouquetfrom
PaulZieger,PresidentofAlliedFloristsofDelawareValley.TheformerstarofthefamedPeter,Pauland
MaryvocaltriowaspresentedthebeautifulbouquetattheTempleUniversityMusicFestival,AmblerPa
CharlesKremp,C.F.Kremp&SonsFlorists,WillowGrove,Pa.,designedthemagnificentbouquet.Lud^
wigFetzer,Hartsville,Pa.grewthegorgeousphalenopsisblooms.



WHOLESALE FLORISTS AND FLORIST

SUPPLIERS OF AMERICA CONVENTION

THEME-WAKE UP TO THE FUTURE
The programs offered at the whole

salers' convention covered a variety
of timely topics revolving around the
central theme, "Wake Up to the Fu
ture." All of the programs and speak
ers presented in Pittsburgh were se
lected in an effort to keep WF&FSA
members not only up-to-date but a
step or two ahead of the times.

As Executive Director Sue Haynes
pointed out at the Annual Meeting,
"WF&FSA members are not asleep.
Both individually and as an Associa
tion, we're making good progress. But
the pace of today's world is increas
ing so rapidly, we can no longer be
content with just keeping up. We
must look at the trends and prospects
for five or even ten years from now
and make our plans accordingly."

WF&FSA's Annual Convention of

ficially opened Sunday morning with
an Early Bird Breakfast that drew a
sell-out crowd in spite of the 8:00
a.m. hour. The featured speaker was
Dr. George Kress, Professor of Mar-
ketin gat Colorado State University,
who is an expert on the floral mass
marketing.

Flowers have been sold through
mass market outlets for about ten
years, but until recently the practice
was not overly successful. Based on a
series of research studies he has con
ducted, Dr. Kress believes that floral
mass marketing is now a definite
trend that must be taken seriously.

Dr. Kress specifically discussed the
"Wholesale Florists' Role in Mass

Marketing," illustrating his remarks
with a continuous slide show. This
past Spring, Dr. Kress sent a ques
tionnaire to 376 WF&FSA members
to determine their position on mass
marketing. The findings of this study
were released and distributed at the
Annual Meeting.

Luncheon again drew a sell-out
crowd to hear another Marketing
Professor—this time Dr. Roger Black-
well of the Ohio State University and
Management Horizons, Inc. His com
ments about "The Effect of Changing
Lifestyles on Markets in the Seven
ties" were illustrated by slides and
current music.

Dr. Blackwell acknowledged that
successful marketing must be aimed
at the middle strata of our society but
pointed out a number of factors that
are having a profound effect upon
this majority group. Income and edu
cation levels are rising at an unprece
dented rate. The "back to the earth"
movement of the radical left is leav
ing a distinct impression on everyone.

To the florist industry, this means
that more and more people cannot
only afford to buy flowers regularly,
but they are favorably disposed to do
so. It is up to the industry, however,
to put flowers in plain view and make
them look attractive at an attractive

price.
Dr. Blackwell further pointed out

that the entire value system of our
society and the institutions that sup
port our values are changing dras-

CULLER ELECTED TREASURER

OF FLORIST ASSOC. EXECUTIVES
A local florist industry executive

was elected treasurer of the Florists
Association Executives at that group's
annual meeting, held recently in
Pittsburgh, in conjunction with the
Society of American Florists conven
tion.

Robert M. Cullers, executive direc-.
tor of Allied Florists of Delaware

Valley, was named treasurer of the
group, composed of executives of lo
cal, state and national flower organi
zations from around the country.

Cullers who lives in Ambler, Pa.,
heads the trade association serving
more than 600 flower growers, whole-
salers, retailers and suppliers
throughout the Delaware Valley.

tically. The home and the church are
already giving way to the schools as
the main institution affecting the val
ues of our children. Love is winning
out over money in the value system
of the post-World War II generation,
and what says "love" better than
flowers!

Old-fashioned advertising won't
sell anything to new-fashioned peo
ple, however, Dr. Blackwell showed
numerous examples of effective and
ineffective advertising. He closed his
program by advising the would-be
successful marketer to enroll in a
night class; the contact with our cur
rent educational system would be
more valuable perhaps than the
course material. Go to movies and
listen to current music. You may not
like it, but you're certain to learn
something about the values of prime
market target.

Dr. Blackwell's presentation was
well-received and applauded. It pro
vided everyone present with a wealth
of food for thought and action.

WF&FSA's Sunday afternoon pro
gram again took a look at the future.
Dr. Eric Thor of USDA's Farmer
Cooperative Service presented a pan
el program called "Trendicator: Agri
business Today . . . and Tomorrow."
The Trendicator explored developing
trends and indications of future
trends in the 500 million dollar a year
industry of wholesaling flowers—an
industry once called agriculture
which is now "big business."
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ENGINEERING REQUIREMENTS

DESIGN AND OPERATION OF SYSTEMS

FOR AERATED STEAM TREATMENT

OF SOIL AND SOIL MIXTURES

The requirements for successful op
eration of an aerated steam system in
clude:

1. Equipment to accurately mix
air and saturated steam and sup
ply the mixture to the soil mass
at the desired temperature and
flow rate.

The flow rate of the mixture

must be such that total treat
ment time per batch is no more
than one hour; one-half hour to
reach treatment temperature
and one-half hour at that tem

perature.

The soil or soil mix must be in

good tilth.
The cost of the system must be
reasonable.

The psychrometric properties of
air-water vapor mixtures determine
air-steam flow rate ratios needed to

produce a desired mixture tempera
ture. Saturated steam at 212°F and

zero gage pressure has 1150 Btu/lb.
Air at 70°F, 50% relative humidity has
a heat content of 25.3 Btu/lb of diy
air. If a supply of saturated steam at
230°F is mixed with air at 50% rela-

2.

4.

R. A. Aldiucii, J. W. White, P. E. Nelsox

Tlie Pennsylvania State University

tive humidity and 70°F, the final tem
perature and relative humidity of the
mixture depends on the weight ratios
of the two fluids. Table 1 shows the
air and steam weight ratios to pro
duce a saturated mixture at tem
peratures generally used for soil
treatment.

About 95% of the heat for treating
a soil mix comes from condensing
water vapor out of the aerated steam.
The rest of the heat comes from cool
ing the air-water vapor mixture. II
the aerated steam leaves the soil mix
at 70°F and 100% relative humidity
(saturated) the amount of heat trans
ferred to the mix would be as shown
in column 4 of table 1. If air or steam

temperatures exist other than those
indicated in the table, the quantities
of heat available would change.

It is necessary to put this informa
tion on a time basis to determine flow
rates for a given mass of soil mix. If
one cubic yard of a 1:1:1 soil mix
(soil:peat:perlite) is to be heated to
170°F, what air and steam flow rates
are needed? The moisture content,
bulk density (weight per cubic foot),

Table 1. Properties of Saturated Aerated Steam Mixtures. Mixing Air at 70°F, 50% RH
with Saturated Steam at 230°F. (5 lbs per sq in., gage pressure)

Mixture Steam-Air Air-Steam Heat
Temperature Ratio Ratio Available

°F Ibs/ft8 of air0 ft-Vlb of steam Btu/ft8 of air°
(Column 1) (Column 2) (Column 3) (Column 4)

140 0.01124 89 12.9

150 0.01574 63.5 18.1

160 0.0225 44.5 25.7

170 0.0318 31.4 37.3

180 0.0487 20.5 56.8

190 0.0850 11.8 94.9
"dry air at 70°F

— 3 —

and heat capacity of the soil must
be known or estimated in order to
determine the flow rates. In the above
example, assume a moisture content
of 30 percent on a dry weight basis,
a bulk density of 56 lbs per cubic-
foot and a heat capacity for the
solid portion of 0.2 BtU per lb per °F.

The weight of soil mix per cubic
yard = 56(27) = 1512 lbs.

The weight of water per cubic
yard = 30/100 (1512) = 454 lbs.

The heat required to warm the
soil mix to 170°F is 1512 x 0.2 x

(170-70) = 30,240 Btu.
The heat required to warm the

water to 170°F is 454 x 1.0 x

(170-70) = 45,400 Btu.
The total heat required is 75,640

Btu.

The heat available from aerated
steam at 170°F is 37.3 Btu per
cubic foot, (column 4, table 1)

The volume of aerated steam re

quired is 75,640 -r 37.3 = 2028
cubic feet if the system is 100
percent efficient.

The aerated steam flow rate re

quired to warm the moist soil
mix to 170°F in 30 minutes if

the system is 50 percent efficient,
is; 2028 -h- (30 x 0.50) = 135 cu
bic feet per minute. This is the
fan capacity.

One cubic foot of aerated steam at

170°F contains 0.0318 lbs of

steam, (column 2, table 1)
The steam flow necessary is 0.0318

x 135 = 4.3 lbs per minute.

The blower or fan for air supply
and delivery to the soil mix must be



selected based on the air flow rate
desired and the soil mix system to be
treated. Fans and blowers are de
signed to deliver a given air flow rate
at a particular pressure. Air flow rate
is generally given in cubic feet per
minute (cfm) and pressure in inches
of water or pounds per square inch
(psi). (A pressure of one pound per
square inch is equal to about 28
inches of water.)

The amount of pressure required to
force a given flow rate of aerated
steam through a soil mix depends on
type, depth and moisture content. A
fine textured mix will have greater
resistance to air flow than a coarse
textured mix. The fine textured mix
will tend to compact under air pres
sure, thus closing the pores and
further restricting flow. The pressure
required to force air through a soil
mix increases rapidly as the depth
increases beyond eight to twelve
inches. Figure 1 shows the pressure-
depth relationship for a few selected
soils and mixes.

A given soil or soil mix will have
the least resistance to air flow if the
moisture content is near field capa
city. Figure 2 shows this character
istic for a typical soil and soil mix.
The affect of moisture content on
warming time is shown also in figure
2.

Knowledge of the pressure-depth
relationship is most important when
a batch treating system is being
planned. The blower selected must
be capable of supplying the desired
air flow at a pressure high enough to
overcome the resistance of the soil
mass.

Soil mix depths are generally less
than 10 inches in beds or raised
benches so a general recommenda
tion can be made for sizing the blow
er for such a treating system. A
blower capable of supplying six cfm
per square foot of bed or bench area
at six inches of water, static pressure,
should produce satisfactory treatment.
A bench or bed 4 feet wide by 100
feet long will need a blower capa
city of 6 x 4 x 100 = 2400 cubic feet
per minute.

Heat from aerated steam or steam
is transferred to the soil mix by a
combination of condensation, con
vection and conduction. The fastest
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Figure 2. Heating time and pressure drop for a Berks loam soil and Berks loam soil
amended with equal volume of peat and perlite. Moisture content at field ca- y^a/
pacity was 19 percent for the soil and 36 percent for the mix. Depth of each
was 6 inches.
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heating is done by condensing the
water vapor on the soil particles. If
heat is transferred in this way, a nar
row front about one-half inch wide
passes through the soil mix in which
the temperature on the leading edge
is that of the cold mix and the tem
perature of the trailing edge is that
of the aerated steam. If the distribu
tion system is working properly, the
temperature of the air leaving the
soil mix will stay at cold soil tem
perature until all the soil mix has
been heated. Figure 3 shows this
clearly. Successive depths of the mix
were heated to treatment temperature
with the exhaust air being the last to
be heated.

Aerated steam can be supplied to
either the top or bottom surface of
the soil mix. The aerated steam will
move through the mix in eidier di
rection. In either case it must have

easy access to the soil surface and
easy exit from the opposite surface.
If the aerated steam enters from the

upper soil surface, an air tight cover
is necessary so the flow can be forced
down through the mix. The bottom
should be relatively open, for ex
ample, perforated metal in a batch
system, gravel over drain tile or a
loose plank bottom in a bench. The
objective is to provide equal pressure
drop across all areas of the mix so
there will be uniform flow of aerated

steam through the mass. There will
be a tendency for the edges of a deep
bin to heat more rapidly than the
mix at the center. The amount of
uneven heating can be reduced by
increasing the flow rate or by reduc
ing the depth of mix or by doing
both. Figures 4 & 5 show top supply
systems in operation.

When the aerated steam is supplied
at the bottom surface, the container
bottom should be perforated metal if
for a batch system or a gravel layer
between supply tile and soil if a
ground bed. Figure 6 shows a large
mushroom casing soil treating bin
with a bottom plenum. Figure 6a
shows the galvanized steel bottom
with 3/16 inch diameter holes drilled
approximately one inch on center.
Figure 6b shows the unit in use. The
uniform flow of aerated steam is in
dicated by the distribution of visible
vapor leaving the upper surface of
the soil. The high pressure boiler in
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Figure 4. A light weight soil mix is being treated in a wood greenhouse bench by forcing
the aerated steam down througli the mix and exhausting through crocks in the
bench bottom. (Photo courtesy W. II. Fuller)

Figure 7. A multiple bin system at Longwood Gardens, Pennsylvania. The aerated steam is
supplied from a single unit to the bottom surface of the soil mix in each bin. The
covers arc held loosely so exhaust air can escape easily, (photo courtesy Long-
wood Gardens)
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a. The bottom of the soil bin is a galvanized steel
plate with 3/16 inch diameter holes about one
inch on center. There is very little resistance to air
flow through the plate but soil does not fall
through the holes.

b. The visible vapor indicates good distribution of
aerated steam. The truck mounted boiler is the
source of steam. The blower is behind the bin.

Figure 6. A large batch system being treated from the bottom. The aerated steam enters the soil through a perforated
bottom and exhausts from the top surface.

the truck at the rear of the treating
box is the steam source for the sys
tem.

A serious problem can develop
when the aerated steam is introduced
through the bottom surface. If the
soil mix is not carefully placed in the
bin or has structurally weak areas, or
if the pressure on the soil is permitted
to increase beyond a critical point,
chimneys will develop through the
soil mix and all the aerated steam will
flow through the chimneys. As a re
sult some of the soil mix will not be
heated—a situation that should not
be tolerated. Figure 7 shows a mul
tiple bin system supplied from a
single source of aerated steam. The
aerated steam is suplied to the bottom
soil surface.

It appears that the compaction and
high pressure problems of the top
surface supply system are less critical
than the chimney or "blow out" prob
lem of bottom surface supply. Both
systems have been and are being used
successfully but until more precise
data and design criteria are available
the top surface application system
seems to be the easiest to manage to
get the desired results.

Figure 5: A relatively heavy soil mix being treated in a concrete greenhouse bench. The
floor is made of concrete planks. The cover is wrapped around the posts to pre
vent aerated steam from escaping.
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Figure 8a show a successful bottom
surface application to a simulated
ground bed. The aerated steam was
supplied to the lower surface through
4 inch drain tile placed in the bottom
of the vee. One inch of B size crushed
stone was placed over the tile and
the bed was then filled with ap
proximately 5 inches of fairly heavy
soil mix. The aerated steam flowed

out the tile joints, spread through the
crushed stone and up through the
soil mix. The distribution ol vapor
leaving the soil surface indicates uni
form movement of aerated steam

through the soil mix. Temperature
measurements in the soil mix showed
good distribution throughout the
bed. Figure 8b shows the same bed
being treated with a top surface ap
plication.

Economies that can be realized by
using aerated steam are from reduced
fuel consumption and more efficient
labor use. Although the recommenda
tions for using steam only say to
steam at 180°F, this is a practical im
possibility when the steam tempera
ture is 212°F. Most of the soil mix

will reach 212°F when free flowing
steam is used. The heat transfer will
be the same as with aerated steam, a
narrow band moving through the soil
mix. If the one cubic yard of the 1:1:1

soil mix referred to earlier is steamed,
it will require a flow rate of 6.5 lbs
of steam per minute instead of 4.3 lbs
in the previous example.

1512 lbs of soil mix and 454 lbs of
water per cubic yard.

The heat acquired to warm the soil
mix to 212°F is 0.2 x 1512 x

(212-70) = 42,940 Btu.
The heat required to warm the

water to 212 F is 1.0 x 454 x

(212-70) = 64,470 Btu.
Total heat required = 107,410 Btu.
One pound of steam at 212°F re

leases 970 Bin's when condens
ing and one Btu for each degree
of cooling below 212°F. A rea
sonable estimate is 1100 Btu per
lbs of steam used in warming the
soil mix.

The steam flow rate required if the
system is 50 percent efficient is:
107,410 -f- (1100 x 30 x 0.5) = 6.5
lbs per minute.

Table 2 shows the steam require
ment for treating one cubic yard of
a 1:1:1 soil mix at different tempera
tures. The amounts arc based on a 50

percent efficiency and warming the
mix to treatment temperature in 30
minutes. It is apparent that the steam
requirements are reduced when using

Table 2. Steam and air requirements for
treating one cubic yard of a
1:1:1: soil:peat:perlite mix, 30
percent moisture, dry basis; 50
percent efficiency.

Treatment Steam Air

Temperature lbs/min Cubic feet/minute
°F

140 3.1 274

150 3.5 222

160 3.9 177

170 4.3 135
ISO 4.8 98

190 5.5 64

212 6.5 0

aerated steam instead of free flowing
steam. The aerated steam flow rates
are the same for a given weight of
soil mix regardless of whether it is a
bench or batch system. The difference
in equipment is in the pressure-flow
requirements of the blower and the
distribution of aerated steam to the
soil mix.

YOUR CONTRIBUTION

TO THE DILLON

RESEARCH FUND

WILL PROMOTE

RESEARCH FOR

FLORICULTURE

AT PENN STATE

b. Aerated steam supplied to the top surface of the
soil moves down through the soil and gravel and

a. Aerated steam supplied through the drain tile and out the drain tile,
gravel to the bottom surface of the soil moves up
ward and leaves the top surface.

Figure 8. A simulated ground bed showing two methods of supplying the aerated steam to the soil surface (nhnt™
courtesy M. Aldrich) ' V1
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III. CHEMICAL CHANGES IN SOILS

POST-STEAMING TOXICITIES

A REVIEW OF CAUSES AND REMEDIES

John W. White, Paul E. Nelson and Robert A. Aldrich

The Pennsylvania State University

Treatment of soil with free-flowing
(212°F) steam has been the most ef
ficient and practical method of elim
inating soil borne plant pathogens,
insects and weed seeds. However, it
has been known for many years that
steam treatment of soils can produce
conditions which are toxic to certain
plants. The many articles that have
been published on post-steaming toxi
city lead one to conclude that many
injurious agents are involved. These
agents include an increase of total
soluble salts and water-soluble or
ganic matter, modified capacity of the
soil for water, gases and salts and ac
cumulation of ammonium and avail
able manganese.

Total Soluble Salts

Soils which are reused tend to ac
cumulate unused salts. When these
soils are steamed, some of these salts
go into solution more readily because
of the high temperature and moist
conditions. If there are sufficient
quantities of these salts they are
toxic. Most type of animal wastes and
many organic composts, particularly
mushroom composts, contain large
quantities of salts which are released
by steaming. Leaching is the most
common method used in removing
soluble salts.

Water-Soluble Organics
Organic matter becomes more sol

uble in water when it is heated. Al
though the nature of the toxins is not
well understood, they are released
from manures, leaf molds, composts
and some humus or muck peats when
steamed. Generally these toxins are
removed by leaching soon after
steaming.

Modified Physical Characteristics
Steaming has a tendency to coagu

late the colloidal soil particles. This
reduces the number of particles and
therefore their surface exposure. It
makes a smaller number of points of
contact of soil granules which may
explain the lower rates of capillary
water movement and reduced water
holding capacity. It often is necessary
to irrigate steamed soils more fre
quently because of the larger pore
spaces. This can be a significantprob
lem with small transplanted seedlings
which require light but frequent ir
rigations.

Ammonium Accumulation

Microorganisms that decompose
ammonium are non-spore-forming
and more sensitive to heat than the or
ganisms which convert organic nitro
gen to ammonium. Steaming may pro
mote the accumulation of ammonium
because the conversion to nitrate is
delayed. Ammonium may reach toxic
levels and remain at these levels for
3 months or more, although 6 to 8
weeks is more common.

Many factors affect the intensity
and longevity of the ammonium
build-up. When nitrogen is tied up in
organic compounds (plant or animal),
microorganisms are required to con
vert it to ammonium or nitrate nitro

gen. Many common air-borne fungi,
actinomycetes and bacteria are cap
able of converting (ammonifying) or
ganic nitrogen to ammonium, but only
very specific non-spore-forming (nitri
fying) bacteria are capable of convert
ing ammonium to nitrate. Heat, cer
tain chemicals, high acidity (low pH)
and anaerobic conditions (water log
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ging or poor oxygen supply) seem to
be more detrimental to the nitrifying
than to the ammonifying organisms.
Low temperatures also reduce nitrifi
cation more than ammonification.
When soils are steamed at 212°F for
an hour or more, most of the micro
organisms are destroyed. This creates
a condition called a biological vac
uum. However, many of the organ
isms that convert organic nitrogen to
ammonia are spore formers and some
will survive steam treatment. The
bacteria which convert ammonium to
nitrite and nitrite to nitrate are not
spore formers and are killed. As a re
sult ammonium may accumulate in
toxic amounts within two weeks after
treatment and remain in toxic concen
trations for several weeks.

Ammonium production also is pro
moted by fertilization with ammoni-
cal forms of nitrogen and urea. Am
monium sulfate is especially conduc
ive to ammonium build-up because
besides adding only ammonical nitro
gen it tends to lower the soil pH.
Complete fertilizers vary in their pro
portions of nitrate to ammonical ni
trogen. The same ratio of nitrogen,
phosphorus and potash such as 20-20-
20 from different companies may con
tain different proportions of nitrate to
ammonical nitrogen.

Plants vary in their sensitivity to
ammonical nitrogen. In general, acid
preferring plants tolerate more am
monical nitrogen. Azaleas, heath, and
begonias are representative of this
group of plants. Clarkia, sweet alys-
sum and carnation appear to be par
ticularly sensitive to ammonium. Pe
tunias are moderately tolerant of am
monium but varieties vary greatly in


