
wet living cells from rapid death by dehydration.
Temperatures of 70°F and relative humidities
below 25% are common indoors during our winter.

Damage to the root system during transplanting
or physiological damage caused by over or under-
watering or by overfertilization results in unfavor
able root/shoot ratios. Most of the absorption of
water occurs through the extensive network of tender
rootlets and delicate root hairs. Reducing the area
or efficiency of this water absorbing region will
almost immediately create water deficit conditions
in the shoot system. Not only is the rate of photo
synthesis impaired by such water stress, but power
ful growth inhibitors are produced throughout the
plant. In addition, replacement of the damaged or
insufficient root system places heavy demands on
the energy reserves at a time when they are most
needed for the reconstruction of shade tolerant

foliage.

One way which many plants respond to such
emergency conditions is to initiate senescence in
its older leaves. Nutrients and metabolites are

withdrawn into the main plant body and these leaves
are sealed off and dropped. Such measures quickly
reduce water losses and provide a fresh new supply
of raw materials and energy for rebuilding a better
balanced, better adapted, root and shoot system.

With these physiological fundamentals in mind,
plant "conditioning" becomes a matter of antici
pating the lands of problems that the proposed
change in conditions will create for the plant and
then applying your best horticultural skills to
minimize the buildup of stresses during the
essential transition period. A large and abrupt
transition in light intensity and/or water relations,
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LIMESTONE REQUIREMENT FOR TKS FERTILIZED PEAT
Jay S. Koths

Extension Floriculturist

and

Douglas Butterfield

Vo-Ag Instructor, Killingly High School

Nutrient amended sphagnum peat moss has been
used for some time for flower production in Europe.
It has not been generally used in the United States.
Preliminary tests (Figure 1) indicate that further
trials are warranted.

The TKS formula was developed in Germany and

specifies 1350 mg CaO per liter (4.54 lbs, limestone
per cubic yard) along with all other nutrients required
for plant growth. Assuming that this is an equivalency
figure and that limestone in ca 50% CaO equivalent,
the figure of 2.7 g/l was derived as the limestone
incorporation rate (actually, dolomitic limestone
was used).

As a rule of thumb, 1 pound of dolomitic limestone
per cubic foot of sphagnum peat (27 lbs. per cubic
yard) will result in a pH of 6.3-6.8. Since 0.595
g/l = 1 lb/cu. yd., 2.7 g/l = 4.54 lbs./cu. yd., or
ca one sixth the rate of limestone recommended for

New England.
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The above rate was therefore added to Peat Plus

Two* to provide a two-fold (2X) rate. In another
treatment, 6 times this rate was added to give a
seven-fold (7X) rate.

Control soils included (1) the standard 3(compost):
2(sphagnum peat) :1(sand) mix used in the UConn
floriculture greenhouses and (2) amended ProMix C.
Since ProMix C contains less P than ProMix B and

no N, superphosphate (0-20-0) was added at 1/2 lb.
and potassium nitrate (13-0-44) at 1 1/2 lbs./cu.
yd. to provide equivalency.

Five 'Yellow Mandalay' cuttings** per 6" pot (4
replications) were planted on 6/30/75 and placed on
Vattex*** capillary watering with 150 ppm N con
stant feed from 20-5-30. They were pinched and
shaded on 7/11 and sprayed with SADH (0.25%) on
7/16.

Growth responses were noted visually by the time
of pinching, 7/11. By August 4, a decided response
to increased limestone was noted (Table 1).

Table 1. Length of branches and height of pot as
influenced by limestone rate in Peat Plus Two
at 5 weeks

Length of Maximum

Ave. Branch Height
Peat+2, normal 97.6 mm 172.8 mm

2 x limestone 113.6 182.8

7 x limestone 115.8 197.5

ProMix C control 106.9 165.5

*The TKS formula was supplied by Premier Peat.

**Suppliedby Stafford Conservatories, Stafford
Springs, Connecticut.

***Supplied by U.S. Vattex Corporation, East
Moriches, L.I., New York.
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order for photosynthesis to proceed at maximum
rates, it is necessary that leaf pores (stomates)
remain fully open. Any reduction in the size of the
opening causes a corresponding reduction in the
rate of photosynthesis. Even under favorable con
ditions, this creates a serious dilemma for the

plant because open stomates allow the loss of
precious water from the moist inner tissues by
evaporation (transpiration).

A workable compromise between these conflict
ing needs is possible only as long as soil water is
freely available and the size and health of the root
system is adequate to absorb and transport suffi
cient quantities to the shoot system to prevent water
dificits from developing. Ultimately, however,
automatic water stress controls in the leaf have

the upper hand and a plant experiencing severe
water stress will shut its stomates and bring net
photosynthesis to a stop with subsequent depletion
of food reserves.

Changes in the relative humidity of the air sur
rounding the plant create large changes in the
demand for water. For example, the water poten
tial of air (the evaporative power of the air) changes
with relative humidity as follows (temperature=80°F):

Relative Humidity (%) Water Potential (bars)
100 0

)' J
90 142

70 488

50 947
<

30 1642

1 10 3142

Only the waxy, waterproof cuticle coating and
the regulation of the stomate opening protect the



less than half the photo synthetic capacity of those
grown at the lower intensity. If air temperatures
are high and there is some water stress, this
difference could be enough to cause the depletion
of reserve food supplies before adaptation to the
new conditions could occur.

The seriousness of the loss of photo synthetic
efficiency upon transfer from high light to low light
conditions'clepends partly on the species involved
and partly on the general health of the plant. With
the Solidago used in Figure 1, Bjorkmann found
that under ideal conditions a full transition from

the low efficiency of the high-light-intensity grown
leaf to the high efficiency of the " shade-grown"
leaf required only a week. This is probably an
exceptional case as other species have been shown
to require much longer or even to be unable to
successfully make such an adjustment. In the
latter case, the leaves drop off and are replaced
by a new growth of "shade tolerant" leaves.

Photo synthetic efficiency under low light con
ditions is only one measure of the differences
between sun- and shade-grown leaves. Various
workers have reported for a variety of plants that
shade leaves are thinner and broader, have higher
chloroplasts, higher nitrogen content, thinner cell
walls and less vascular tissue, and are more con
servative in their utilization of food materials in

the leaf, especially at higher temperatures.

Adaptation to Changes in Water Stress

An abrupt unbalancing of the rate of water loss
and the rate of resupply by the root system creates
problems at least as complex and even more urgent
than those created by light intensity changes. In

On 8/8 (week 6) the pots were removed from the
capillary watering. Weekly fertilization consisted
of 345 ppm N from 19-5-24.

At flowering on 9/19 (11 l/2 weeks) all plants
including the controls were of high commercial
quality (Figure 2). Those with double and seven
fold rates of limestone were more vigorous as
indicated by slightly taller growth and larger
flower area (Table 2).

Table 2. Growth of pot mums as influenced by
limestone rates in Peat Plus Two

Number Flower Calculated*

Height Flowers Diameter Flower Area

Peat Plus

Two, nor

908 cm2mal lime 35.3cm 16 8.5 cm

2 x lime 34.0 14.25 9.1 927

7 x lime 36.6 17.25 8.8 1049

Controls:

3:2:1 29.4 13.75 9.2 914

ProMix

C + 31.4 15 8.0 754

Calculated by multiplying flower area x flower number,
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Soil testing is a valuable tool as developed for soil
mixes. The analyses are not as well defined for peat-
lites or for peat alone. The analyses (Table 3) do show
that the normal lime correct the very acid condition.
The 2X rate is a bit better while the 7X rate is perhaps
a bit too much. The increased limestone rate is re
flected in the Ca and Mg rates but not in other nutrients,

It should be noted that the fertilizer for weeks 6
and 11 was suboptimal. Foliage lost the dark blue-
green characteristic of early growth except in 3:2:1
due to nitrogen insufficiency.

In northern Europe where the TKS formula was
developed, the water contains significant calcium.
Unaer these conditions, the limestone requirement
is not great. Most of the water supplies in the north
eastern U.S., as well as in many other areas, are
low in Ca. More limestone is necessary in the mix
for optimal nutrition. On the basis of this experiment
and other trials, the limestone rate should be about
27 ips./cu. yd. (1 lb./cu. ft.). As with soil culture.
the limestone should be dolomitic, as least in part.
It would appear that commercial production of Peat
Plus Two would entail two formulas, the basic one
for calcareous areas and one with high limestone
for areas where calcium is not abundant in the water.
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lower intensities. Unshaded leaves can only use a
portion of the light they receive under open field
conditions—often less than 50% of full sunlight.
To avoid injury from excesslight absorption thgy
utilize many mechanismsTreduced leaf size, more
reiiecnve suriaces, more efficient control of

water loss, and less efficient light processing
machinery. When such a plant is transferred to
much lower light conditions, this machinery may
prove to be quite inefficient.

Figure 1 gives such data for Solidago plants from
the same clone but grown under two different light
levels. When subjected to lower light intensities,
the leaves grown at the higher light intensities have

00

COtH
<D I

£ Js
>£*
00 I

O "O

o O
o bo

I a

500 1000

Light intensity
(footcandles)

grown at

400 fc.

grown at

2000 fc.

1500

Figure 1. Photo synthetic capacity of leaves of Solidago
yirgaurea grown at different light intensities and then
placed under low light intensity conditions. Modified
from Bjorkmann and Holmgren, 1963. Physiologia
Plantarum 16: 889-914.



which have developed much of their mature vegeta
tive body in an irrigated field under high light, with
ample amounts of fertilizer, have custom tailored
their physiological equipment accordingly. This
equipment may be seriously inadequate to meet the
warmer, drier, low light conditions of a home or
office "climate."

Some immediate emergency measures can take place
to counter the new stresses—rate of water loss can be

altered, reserve food supplies can be mobilized—but
in the long run successful adaptation will require some
reconstruction of the plant1 s machinery to match the
new conditions. Often some of the old parts will be
sacrificed to reduce the overall stress on the system
and to allow reutilization of the materials. Nutrients
and metabolites may be withdrawn from older plant
parts and translocated to regions of new growth.
Senescing older structures, especially leaves, may
yellow, wither or be shed. Unfortunately, plants
aren't very pleasing to the eye while such major
renovations are taking place.

All environmental factors contribute information

to which growing plants respond by adjusting their
physiological processes. However, light intensity
and water stress have the most conspicuous effects.
Although these factors are clearly interrelated, we
will treat them separately to simplify matters.

Adaptation to Changes in Light Intensity

Midday summer, or southern U.S. winter, light
intensities may exceed 10,000 footcandles. The
light intensity in a living room or an office lobby
will be on the order of 50-250 footcandles. The
photosynthetic machinery constructed to cope with
the problems of the high light intensity found under
field conditions is, in many cases, inadequate at

r r

Table 3. Soil analyses of Peat Plus Two and Controls

OOJL, ._-. "KTT-T

Salts pH Ca K P N°3 4 Mg
Peat Plus

Two,
Normal lime

2 weeks 4.8 20 34 1.5 Tr 10 7

4 weeks 12 5.0 — 36 1 0 17 —

12 weeks 10 4.7 10 6 .5 Tr 2 5

Double lime

2 weeks 5.1 30 33 2 2 12 15

4 weeks 16 5.0 30 12 1 0 2 —

12 weeks 12 5.8 20 5 .9 Tr 4 15

Seven x lime

2 weeks 7.0 40 43 1.5 2 15 23

4 weeks 14 6.4 40 17 1 3 2 —

12 weeks 12 7.0 50 4 .3 Tr 2 24

Controls, 12 weeks
ProMix C 10 7.1 70 10 1 Tr 15 11

3:2:1 Mix 40 6.0 40 10 4 Tr 10 18

ERRATA

Credit for the fern life cycle which appeared on
page 8 of the Connecticut Greenhouse Newsletter
No. 70, February 1976, was omitted. This was
taken from Growing Ferns, Bulletin 737, of the
Cooperative Extension Service, University of
Georgia College of Agriculture.
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