
USDA CROP SURVEY

Flower and foliage plant growers in 28 major
producing states will be asked to cooperate in a
U.S. Department of Agriculture (USDA) survey in
early January to determine final production levels f~
and sales, and potential output. \ ,

State and national summaries will be published
by the USDA's Crop Reporting Board in its Floricul
ture report.

The survey will include potted poinsettias,
potted lilies, potted chrysanthemums, potted
hydrangeas, potted geraniums, cut snapdragons,
carnations, chrysanthemums, gladioli, roses,
foliage plants and vegetable and flowering
bedding plants.

The Crop Reporting Board expanded its cover
age from 9 to 16 crops and from 22 to 27 states.
Data on Hawaiian production of foliage plants and
anthuriums will also be reported. The 16 items
carried an estimated wholesale value of $703
million in 1977. Cut and potted flowers accounted
for $347 million, 49 percent of the total, while
bedding and foliage plants added the remaining
$356 million. California was the leader in
wholesale value of sales with $200 million,
followed by $147 million from Florida. Other
large producing states were Ohio, Michigan,
Pennsylvania, New York, Massachusetts, and
Illinois.

Vegetable bedding plants topped all other
crops in terms of average value per square foot
at $3.10, with potted mums and tea roses next
at $2.99.
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DOMESTIC VS AFRICAN VERMICULITE

FOR SEEDLINGS

Jay S. Koths, Extension Floriculturist
and

Robert Adzima, Floriculture Greenhouse Manager

An old, effective medium for germinating seeds
is simply adding one pound of 5-10-5 to a three or
four cubic foot bag of vermiculite. One can even
grow passable fast growing bedding plants for sale
in this mix.

Of course, it does cost a bit more than a peat-
vermiculite mix and, depending on the 5-10-5 formu
lation, problems may arise. Some 5-10-5 formula
tions contain only highly soluble ammonium nitrogen,
Others may contain too little calcium to sustain
growth beyond the transplant stage.

When Dr. Mehlquist mentioned this procedure to
a class, one student questioned if it would work
with African vermiculite. With increasing sales
of African and periodic unavailability of domestic
vermiculite, this is a serious concern.

An experiment was set up using 1 lb. 5-10-5/
4 cu. ft. (4 g/1) in vermiculites from both sources.
Other pots contained no fertilizer. Five kinds of
seeds were sown. The analyses of some vermiculites
are as follows:



Table 1—Analyses of African and Domestic
Vermiculites

Soluble

PH Salts Ca Mg K P N03 NH4

Spurway Analysis, Univ. of Conn. (ppm extract)

Domestic

#1 6.3 10 5 0.5 6 0.1 0 2

Domestic

#2 7.8 10 5 0.5 1 0.1 0 4

Domestic

#3 7.6 10 15 1 10 0.1 0 0

African

#1 9.3 10 15 4 10 0.1 0 0

African

#2 9.6 10 20 12 11 0.10 0 0

African

#3 9.7 10 10 12 5 0.1 0 0

Morgan Analysis, Univ. of Conn, (mg/g)

Domestic

#3 7.6

African

#1 9.3

African

#2 9.6

10 1435 240 335 120

10 1000 3125 300 150

10 3532 5298 397 132

"Available Nutrients," Rutgers University, (ppm)

Domestic 6.4-

6.5

African 9.9-

10.1

1000 600 350

200 2825 370

20 Tr —

15 Tr —

*Flannery, R.L., B.L. Pollack and G.A. Taylor.
1975. A growing mix and fertilizer treatments
suggested for vegetable bedding plant growers
in New Jersey. Rutgers Univ. Leaflet 519. 4 p.
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low growing temperatures. Strawberries and
cucumber plants were grown at ambient (300-330
ppm) and elevated levels of CO- such as 900,
1500 and 3000 ppm during winter in unheated
greenhouses in Israel (Enoch, Aylski, and
Spigelman, 1976). Strawberries yielded 31,
43 and 51% more than control in response to
a 3, 5 and 10-fold CO- enrichment, respectively.
Cucumber plants doubled their early yield and
gave 26.3 percent more over the whole season
in unheated greenhouses. It thus appears that
CO- enrichment also can give increased growth
ana yield in unheated greenhouses.

Though CO- enrichment may increase photo
synthesis and yield (Koths, 1965; Koths and
Adzima, 1967) at most environmental conditions,
small Co- additions (below say 1000 ppm) may be
uneconomical (see Figure 2, Enoch et al., 1973).
Unfortunately, the references on actual growth
in C02 enriched greenhouse atmospheres stress
increasing daytime temperatures. Perhaps some
reader can supply further information.

In summary, if the temperature is main
tained below that generally considered optimal
for crop growth, photosynthate should accumulate
faster when the atmosphere is enriched by CO-.
Quality should improve, and growth should increase
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These analyses are in agreement with the
literature. Looking at the UConn Morgan and
Rutgers data, the calcium:magnesium ratios differ
considerably in African versus domestic vermiculite,

Table 2—Calcium:magnesium Ratios in Vermiculite

UConn Morgan

Rutgers

Domestic #3

African #1

African #2

Domestic

African

6:1

1:3

1:2

2:1

1:14

Magnesium and calcium are "earth metals." They
both have a valence of two and are adjacent to one
another in the periodic chart. Plants cannot dif
ferentiate between them readily. Therefore if the
concentration of one ion is excessive in relation

to the other, the plant is not able to absorb the
correct balance of nutrients.

In soil tests (Spurway), it is generally
suggested that the Ca:Mg ratio be between 3:1
and 10:1 for good growth. Therefore, if mag
nesium is especially high, a great deal of
calcium must be added to keep the Ca:Mg ratio
above 3:1 in order to avoid Ca insufficiency.
Likewise, if calcium is too high (the Ca:Mg
ratio is above 10:1), magnesium insufficiency
or deficiency may occur.

The high magnesium level is not the only
problem in African vermiculite. A pH of nearly
10.0 is far beyond the range within which plants
grow best. In normal use where it is mixed with
soil or sphagnum peat the alkalinity is neutra
lized. But in this use for seedlings, only the
fertilizer is reacting. In two tests the African
vermiculite with fertilizer decreased in pH to
8.6 and 8.8 after several weeks of growing,
probably due to the fertilizer and leaching.



Seedlings germinated well in all treatments
Fine seed such as petunia stopped growing in
African vermiculite soon after germination,
(Fig. 1) and even with 5-10-5 the petunias were
stunted and chlorotic (Fig. 2). Snapdragon
seedlings grew much the same (Fig. 3). They
did show greater growth in response to domestic
vermiculite (Fig. 4) than other seedlings
although alyssum (Fig. 5) was nearly the same.
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Plant growth may be reduced by many factors
such as water stress, lack of photosynthate and
temperature. Water stress often occurs when roots
(and soil) are cold. Lack of photosynthate may
be attributed to inadequate translocation, low
light and/or insufficient C0?. It is not possible
to eliminate C0~ as a limiting factor through
enrichment of the greenhouse atmosphere to 1000-
1500 ppm. At all light intensities additional
CCL will increase photosynthesis.

It may be argued that when temperatures are
low the slow growth rate will place less demand
on atmospheric C0~ supplies and that CO- will not
be as limiting. This is confounded by another
plant response, stomatal closure at reduced tem
peratures which would reduce C0~ diffusion into
the stomates. Early in the morning the CO- in
the leaf from nighttime respiration will be suf
ficient for a few minutes only, whereupon it
could be rapidly depleted. Increased levels in
the atmosphere would thus be necessary to permit
adequate diffusion of CO,, through the partially
closed stomatal apertures.

An opposing factor is the solubility of C0-
(and oxygen) in plant tissue at low temperatures.
Solubility is inversely related to temperature. A
leaf will probably contain more CO- when night
temperatures are decreased (Leopold and Kriedemann,
1975)*. One might argue that CO- injection may be
delayed in the morning following cold nights. This
may not even be valid on a dark day. When light
is available, the CO- in the tissues is rapidly
depleted and the stomatal apertures open suffi
ciently to allow CO- diffusion into the leaf.
However, low air temperature and cold soil induced
water stress combine to suppress stomatal opening
and these conditions should be avoided.

The literature discloses some references

that may be appropriate for CO- enrichment at

* Insignificant for daytime CO- uptake.
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The process of photosynthesis is somewhat
insensitive to low temperature. In greenhouse
crops the limiting factor in photosynthesis is
most frequently light or carbon dioxide (C0?)
in correlation with the temperature. Greenhouse
crops are generally grown at the maximum tem
perature possible that is commensurate with the
food (photosynthate) available in their tissues
for an acceptable quality and rate of growth.
Lower temperatures generally improve quality
but delay production.

Hurd and Enoch (1976) have found that the
rate of net photosynthesis and transpiration
during the day is not influenced in carnations
by the temperature of the preceeding night. The
effect of CCL enrichment on net photosynthesis
of carnations seem to be equally worthwhile at
all temperatures between 5 and 30°C (see Figure
6, Enoch $ Hurd, 1977). Only at the highest
light intensity (equivalent to summer midday
radiation conditions) and leaf temperature below
12 C did C02 enrichment appear to be ineffective
in increasing net photosynthesis.

The benefit of CO„ enrichment on net photo
synthesis at all combinations of light, C0p and
temperature can be calculated from the equation
(see p. 383, Enoch 1977) which gives F net photo
synthesis (in mg CO2 10 dm h +) as a function
of (i) light (in Wm -2 photosynthetic action
radiation), (c) C0„ concentration (ppm en volume
basis) and (t) leaf temperature (in C).

V- 0.3116 i 0.789 0.241 0.167

-[5.673 + 5.182 ln(i)]2 (t-20)/10

In order to obtain a numerical expression for
the benefit of CO„ enrichment at a given light and
temperature regime, insert 2 values for c—one the
normal C0~ concentration of air (=330 ppm) and the
other the elevated level, for instance 1500 or 2000
ppm. The calculations can be made on a relatively
simple pocket calculator.
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Marigolds grew rather well in African ver
miculite with 5-10-5 but apparently have enough
food reserves in the seed to produce a nearly
transplantable seedling without fertilizer
(Fig. 6). Even so, the seedlings in domestic
vermiculite with 5-10-5 were more vigorous.

Tomatoes started well in all treatments

probably because they have substantial food
reserves in the seeds. But they soon became
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stunted and chlorotic (Fig. 7). The difference
between the African and domestic vermiculites

was less pronounced but was still significant.

In other studies, chrysanthemums grown in
peat-vermiculite media amended with dolomitic
limestone and 0-20-0 superphosphate showed no
adverse effects from African vermiculite when

compared with domestic. The two mixes pro
duced comparable plants (Fig. 8).
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Have you ever rewritten an article? Dr. H. Z.
Enoch from the Agricultural Research Organization,
Bet-Dagan, Israel, kindly corrected, rewrote and
expanded this article recently published in the
January Newsletter (#83). The new text is as
follows:

CARBON DIOXIDE USE IN COLD GREENHOUSES

Jay S. Koths
Extension Floriculturist

Should carbon dioxide (C0~) enrichment of
greenhouse atmospheres be continued when tempera
tures are lowered? Yes!

When severe cold weather occurs, some growers
have lowered temperatures to conserve fuel knowing
full well that growth will slow down. They then
reason that the crops will not benefit from CO^
enrichment so why spend the money for gas. Neither
plant physiologists nor greenhouse engineers can
agree with this.

From an engineering viewpoint, C0~ does not
cost anything. The heat from the gas burned and
accumulation of solar energy at the higher day
temperatures practiced with C0~ enriched atmos
pheres reduce fuel consumption sufficiently to
pay for the propane or natural gas used to produce
the CCL. This is detailed in the Connecticut

Greenhouse Newsletter 77: 18-19, January, 1977.
It has been calculated (Enoch, 1978) that a C02
enrichment of 1000 ppm gives a mean temperature
increase of 2.4 C (4.5 F) under U.K. Glasshouse
conditions.

From a physiologist's viewpoint, plants may
be considered as efficient users of C0~ also at

low temperatures and therefore do respond to
atmospheric CO- enrichment. The following para
graphs treat several arguments substantiating
why C0? should be used even when temperatures
are below normal.
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In summary, it can be stated that paraquat
presents very little hazard to the operator if
used according to label instructions.
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It is concluded that African vermiculite is
not detrimental when used with soil or sphagnum
peat moss. It is logical, however, to consider
the use of calcitic limestone in place of
dolomitic limestone when African vermiculite
comprises a substantial proportion of the mix.

For seeds sown in vermiculite and 5-10-5,
make certain that the vermiculite is domestic,
not African.

Figure 7.

Figure 8. Chrysanthemum 'Bright Golden Anne'
grown in peat-African vermiculite, Pro-Mix B,
peat-domestic vermiculite, and 3-2-1 soil mix.
All plants were comparable and of acceptable
commerciaI qua Iity.


