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Proper fertilization is one of the more important fac
tors in the growth and development of carnations. Experi
ences have shown the fertility program does not start after
the plants are well established but well before the plant
ing of the crop.

Commercial growers have often indicated how little
fertilizer is required for the production of carnations.
Although some of our work has indicated carnations are
among the "heavy feeders" we were interested in determi
ning how much fertilizer can be applied without affecting
crop quality and plant growth. The summary of our find
ings is listed below.

Materials and Methods

Thirty CSU White Pikes Peak rooted cuttings were
planted in a pasteurized, well drained soil on February 21,
1967 five inches by eight inches in 36 inches by 36 inch
plots. There were twelve plots and six treatments with each
treatment replicated twice. To avoid contamination from
adjacent plots they were separated by using one inch by
six inch redwood boards separated by one-inch by one-
inch blocks. The cuttings originated from Meristem cul
ture—indexed plants and the mother block was grown
under 9-hour days.

Each treatment was fertilized with one of the following
rates of fertilizer at each watering. One-half, 1, 2, 4, 6 or
8 pounds 20-5-30 soluble fertilizer per 100 gallons of
water {\\, y%, 1, 2, 3 or 4 pounds 20-5-30 per 100 square
feet respectively). A sufficient amount of water and fer
tilizer was applied each time to achieve some leaching.
The plants were handled in a commercial manner and
the study terminated following the first flowering crop.

Night temperatures were 52°F and day temperatures
60°-65°F when controllable. A regular preventative insect
and disease control program was used following planting.
Data recorded were date of flowering, number of shoots
per plant, flower number, plant height, and grade. Flowers
were graded by using the proposed Society of American
Florists grading system.

Results and Discussion

Number of shoots. The number of shoots (breaks) on
(continued on page 2)

Capillary Bench Watering

of Pot Plants
P. Allen Hammer and J. W. Boodley

Department of Floriculture
Cornell University

Hand watering of floricultural crops probably became
a most important problem for the first time during the
war years of the early and middle 1940's. Labor became
very scarce; thus much attention and experimentation
was turned to "labor-saving methods." Many of our basic
ideas for present day methods of automatic watering of
floricultural crops evolved from this early work.

The work by Post (11, 12, 13, 14), Seeley (22, 23.
21 I. and Post and Seeley (15, 16, 17) showed that auto
matic watering of floricultural crops was possible. They
used sub-irrigation on bench crops (11, 13, 15), auto
matic surface watering of bench crops (18), constant
water level subirrigation for pot crops (22, 24), and
injection watering of pot crops (11, 15, 24). They
showed that automatic watering when compared to hand
watering reduced labor without a reduction in plant qual
ity or production (11, 21).

ill inches

Figure 1. Capillary bench at Cornell as
seen from top and in cross

section.

As a historical note, sub-irrigation of plants was first
suggested by E. C. Green and W. S. Turner in 1890 (6, 7.
8. ')). They attempted to use sub-irrigation to prevent
what they called lettuce rot. However, its practical sig
nificance for other crops was soon realized and much at
tention was turned to sub-irrigation during the 1890's
(7, 9, 19, 20, 21, 26). The experiments reported in-

(continued on page 3)
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izer. The 4, 6 and 8 pounds per 100 gallon treatments
only yielded a few blooms which were not enough to indi
cate a peak of production. The duration of flowering was
approximately four weeks.

Effect of fertilizer on root systems. The amount of fer
tilizer applied to each of the plots had a direct influence
on the growth and development of the root systems on the
carnation plants. The root systems were largest and most
extensive in the •/> pound per 100 gallon plot and de
creased to almost nothing in the few plants which sur
vived the 8 pounds per 100 gallon treatment.

Discussion

General appearance of plants. Following planting and
commencement of the various fertility programs all plants
in all treatments were extremely vigorous and healthy.
During the third to fourth week following planting plants
in the 8, 6 and 4 pounds per 100 gallon treatments began
to successively turn a dull greenish-gray color which was
an indication of root injury. Shortly after this injury ap
peared, necrotic (dead) areas developed on many of the
leaves in the three treatments at the higher fertility rates.
The necrotic areas became more and more numerous and

many merged to the point where entire plants were dead
t Figure 3!

i m

FIGURE 3. Typical damage as appeared on the plants in the 4, 6 and 8
lbs per 100 gallon rates of fertilization treatments. Due to the
restriction of water uptake caused by high levels of nitrogen, phos
phorus and potash plants wilted, developed necrotic (dead) spots
and areas which merged, and finally complete death of the plant
resulted.

The root injury was probably the result of high levels
of nitrogen, phosphorus and potash in the fertilizer solu
tion. This is an excellent example of how excessive fertil
izer application can affect plants. First there is a wilting
(plants turn a dark, grayish-green) due to a restriction of
water uptake by the plant roots and if the soil is not
leached immediately following the salt (fertilizer) build
up then permanent damage occurs. This also shows a
grower can get into trouble without having high soluble
salt levels. Total soluble salt levels in Table 2 are not ex
cessively high. These levels were controlled by applying
quantities of water and fertilizer to the point of leaching

at every watering/fertilization. This is a practice all
growers should take advantage of regularly. In order to
do this the soil must be loose and well drained.

Furthermore, this work shows excessively high fertility
levels which may affect the crops growth may not show
up for two to four weeks. This being the case, if a carna
tion grower suspects high accumulations of soluble salts
or various fertilizers or notes the early stages of plant
damage as described above he had better commence
leaching his benches immediately. Delaying leaching can
result in permanent plant damage.

Plant height. It is generally assumed well fertilized
plants will be taller than those grown on the "hungry
side." This is not true as demonstrated in Table 1. The
data shows once minimum requirements are met increas
ing amounts of fertilizer will not produce taller plants.

Crop timing. Data collected on crop timing indicated
the '/.. 1. and 2 lbs per 100 gallon rates of fertilizer all
peaked between June 20 and 30. Therefore, if a grower
has a fertility program within reasonable limits, timing
will not be affected by altering the fertility program
within these limits.

Conclusions

Based on the data presented in this paper one can con
clude there is a very definite upper limit to the amount of
fertilizer which should be applied on Long Island green
house soils. It would appear fertility rales between ' •>
pound to 1 pound per 100 gallons of water (4 to 8 ounces
per 100 square feet assuming 100 gallons of water will
cover 200 square feet) at every watering should be the
most desirable. Actually, commercial growers are apply
ing approximately :!, to l1 , pounds per 100 gallons (6
to 10 ounces of fertilizer per 100 square feet I. Our best
results (number of shoots per plant, height, grade and soil
test levels) derived from fertility rates similar to those
used commercially. Since the upper limit of fertilization
was established one of our next objectives is to determine
the lower limit of fertilization. When results of this work

is available it will appear in a future issue of this bulletin.

Soils. The authors also feel even though plants can be
grown in practically any soil type, a loose, well drained,
well aerated soil is of utmost importance especially when
a constant feeding program is employed. If problems exist
in trying to grow top quality merchandise the problem
may not only be fertility but also soil structure or soil
composition. Every grower must continually work with
his soils until the ideal mix is achieved for his operation.
Following this the soil composition should be amended
periodically to maintain this ideal structure.

Capillary Bench
(continued from page 1)

creased yields and accelerated plant growth when using
sub-irrigation vs. surface watering (6. 7. 8. {). 19 I.

With many of these methods of automatic watering, ex
pensive, water-tight benches were a must. Many growers
could not easily convert their benches to sub-irrigation.

(continued on page l)
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There were also other problems associated with these
methods of watering.

Growing practices had to be changed. Fertilizers were
not leached from these soils and in some cases there was
an accumulation of salts at the soil surface (15). Soil
mixes were important as shown by work at Iowa (25)
and Michigan (5). Because of these and other problems
and with the increased labor force available after the
war, the interest in automatic watering declined for a
few years.

In the late '50's when labor costs began to rise and with
spiraling inflation, the pot plant grower was forced to seek
ways of cutting production costs. And again as earlier,
automatic watering became important. The introduction
of the Chapin or "sphaghetti" watering system was a step
toward this end.

The Chapin system is not without problems. There is
the hand labor of placing the tube in each pot. Tubes
become plugged. The system is fixed in that it is designed
for a certain size and number of pots when it is installed.
Increasingly the spacing of plants as they grow is difficult.
With these and other problems, it seems advantageous
to seek other means of automatic watering of pot plants.

Capillary watering of pot plants is not new. Seeley in
1948 suggested capillary watering of pot plants. He called
it sub-irrigation using non-water tight benches (24). So,
we are taking an old idea and applying modern materials
and methods.

Capillary watering as it is commonly called today has
received much attention in the European countries (4,
10). Many of the present recommendations have come
from these countries (1, 2, 3) .A report has said that one
grower in England.is using capillary watering for the
production of year-round pot mums (27). Personal con
tact has also pointed to the extensive use of capillary
watering in Europe. Bdr. Nielsen outside Copenhagen,
Denmark uses capillary watering in the production of 1.3
million 4-inch pot mums a year. They have also success
fully grown 300,000 poinsettias with this method of
watering. '

Capillary watering has not received this attention in the
United States mainly because of our brighter, warmer
growing conditions. These conditions create greater prob
lems with capillary watering. Thus, we have begun work
here at Cornell to study the use of capillary watering
under our conditions. The results given are a progress
report to inform you, the grower, of what we are doing.

The work with capillary watering began here at Cornell
two years ago. The first studies dealt with methods of
applying water to the sand, pot type, soil type, and algae
control. Results indicated that the Chapin system (Fig.
1) was better than the Gro hose for applying water. The
thin-walled plastic pots with four holes for drainage were
better than either clay or expanded polystyrene pots.
Peat-lite mix allowed for more capillary water movement
than the 2 soil, 1 peat, and 1 perlite; or 1 soil, 1 peat, and
1 perlite that was tested. Of the many algacides that were
tried, Algamine was the only one that gave any long last
ing control. During these studies soluble fertilizer was

applied three times a day for one minute via the Chapin
system. This method of fertilization presented two major
problems: 1) it supported algae growth on the sand. 2)
A very high soluble salt build up occurred in the upper
one fourth of the soil ball (Fig. 2).

At this point, we decided to concentrate our efforts on
the problem of fertilization for the capillary bench. Pre
liminary experiments indicated that the slow-release fer
tilizer "Osmocote" may be a better means of fertilization
than previously tried methods. The following two experi
ments have sought to answer this question.
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FIGURE 2. Soluble salt readings at four different sampling positions
within the soil ball of Golden Yellow Princess Anne mums grown
single stem in 3-inch plastic pots on the capillary bench. Fertilized
via capillary water with potassium nitrate at 63 ppm nitrogen and
198 ppm potassium for the first 5V2 weeks of growth. The plants
were in flower eight weeks after potting. Time and position of
sampling were very highly significant statistically (Alpha (a) equals
.001). Other observations were made and will be reported more
fully at a later date.

Experiment I

This experiment was an osmocote rate study. Golden
Yellow Princess Anne mums were grown single stem in
4-inch plastic pots. The mum cuttings were potted Febru
ary 1, 1968 in peat-lite mix of the following proportions:
1 part sphagnum peat moss; 1 part #4 vermiculite; 7
pounds ground limestone per cubic yard of mix1; and
either 7.5, 10, 12.5, 15 or 17.5 pounds of 14-14-14 osmo-
cote per cubic yard of mix. Each fertilizer level was rep
licated three times.

The cuttings were potted without drainage in the bot
tom of the pot. They were watered and then placed on the
flooded capillary bench. After being placed on the bench
they were again watered from overhead to establish capil
larity with the sand. Thereafter, water was applied to the
sand on the capillary bench three times a day for one
minute (8 am, 12 noon, and 4 pm; E.S.T.). Short days
began the day of potting.

Soil samples (in the following root zones: top of pot to
V±> V\ to V2, V2 to %, and % to bottom of pot), foliar
samples, fresh weights, dry weights, and height were

(continued on page 5)

Seven pounds of limestone per cubic yard of mix was used in
stead of the recommended 5 pounds per cubic yard of mix
because earlier experiments with the lower rate of limestone re
sulted in pH values in the 4.8-5.1 range. This may result from
the acidifying effect of the osmocote which is intensified by the
lack of leaching on the capillary bench.
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taken live and ten weeks after potting. The plants were in
flower ten weeks after potting.

The soil samples were oven dried and carefully screened
to remove the osmocote particles before the soil was
analyzed.

Results indicated that the amounts of osmocote used re
sulted in no significant statistical difference among heights
of plants (Figure 3). Results of fresh and dry weights
are presented in Table 1.

FIGURE 3. Golden Yellow Princess Anne mums grown on the capillary
bench at the different rates of osmocote. The photograph was made
ten weeks after potting (April 11, 1968).

Table 1. Fresh and dry weights in grams of mum plants
at the different osmocote rates. Fresh weight was
very highly significant statistically {a equals .001)
while dry weights showed no statistically significant
differences (hsd for fresh weight—65.2 a equals
.01).

7.5 lb .10 lb 12.5 lb 15 lb 17.5 lb

Fresh wgt. in grams 276.8 347.8 377.4 363.5 371.3
Dry wgt. in grams 27.2 30.4 31.7 30.9 31.1

Time of sampling, osmocote rate, and position of
sampling were statistically significant for soil nitrates,
potassium. pH, and soluble salts. Only osmocote rate and
position of sampling were significant for soil phosphorus.
There were reductions in all readings with time, increases
in nutrient and soluble salt reading with increased osmo
cote rate, and an increase in nutrient and soluble salt
readings as sampling moved from the bottom to the top
of the pot. Soil pH on the other hand decreased as
sampling moved from the bottom to the top of the pot.
Most important was the statistically significant interaction
between osmocote rate and position of sampling on sol
uble salt results as seen in Figure 4. Foliar analysis re
sults are shown in Figure 5 and Table 2.

The results of this study seem to very strongly indicate
that osmocote can be used as a source of fertilizer for

plants grown on the capillary bench. Not only can we see
a rate below which soluble salts remain nearly constant
throughout the soil (Figure 4), but there was much re
duced algae growth on the sand. This was probably due
in part to the lack of nutrients available to support the
growth of algae on the sand.

At this point many questions can be raised. The plants

were grown single stem in 4-inch pots. Water was applied
three times a day. The two mq^t obvious questions to us
were: 1) What will the results be with single pinched pot
mums grown in 6-inch pots? 2) Will watering frequency

400

Total
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-5K X 10

nitrogen11
phosphorus11
potassium1'
calcium8

magnesium
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7.5 10 12.5 15 175

Lbs. of osmocore/cu. yd.of mix
FIGURE 4. Soluble salt readings at the different positions of sampling in

the pot versus the rates of osmocote applied. The interaction was
significant at a equals .001). This tends to say that there are rates
of osmocote at which the soluble salt gradient through the pot re
mains smaller than at the higher rates.

Table 2. The effect of time of sampling on the foliage con
tent of N, P. K, Ca, and Mg of Golden Yellow Prin
cess Anne mums grown on the capillary bench. Con
tents are expressed as % dry weight.

5 weeks after potting 10 weeks after potting

5.46% 4.26%
.80% .61%

6.197c 6.20%
1.23% 1.75%

.53% .57%

avery highly significant differences between sampling dates («
equals .001.1

''no significant differences between sampling dates

% Dry
weight

Co

P

°^^5 10 VZ5 15 TZ5~
Lbs. of osmocote/cu. yd. of mix

FIGURE 5. Foliar analysis (elements expressed as % dry weight) re
sults of Golden Yellow Princess Anne mums at the five osmocote

rates. Osmocote rate was statistically significant (a equals .005)
for all the elements in the above graph.

(continued on page 6)
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affect the release of nutrients from the osmocote par
ticles? The following experiment sought to answer these
questions.

Experiment II

Golden Yellow Princess Anne mums were grown single
pinch, four cuttings per pot, in 6-inch plastic azalea pots.
The cuttings were potted May 15, 1968 in peat-lite mix
of the following proportions: 1 part sphagnum peat moss;
1 part #1 vermiculite; 7 pounds ground limestone per
cubic yard of mix; and either 12.5 or 15 pounds of 14-14-
14 osmocote per cubic yard of mix. These rales were
chosen because previous experiments indicated they were
needed for mums grown in 6-inch pots. Also, experiment
I showed that these rates produced the largest fresh
weight on single stem mums (Table 1) and foliar analysis
results indicated these levels of osmocote to be within the
proper range for the 4-inch mums (Figure 5).

The cuttings were potted without drainage in the bot
tom of the pots. They were top watered and then placed
on the flooded capillary bench. After being placed on the
bench they were again watered from overhead to estab
lish capillarity with the sand. Thereafter, water was ap
plied either three times a day for one minute (8 am, 12
noon, 4 pm, E.D.T.) or eight times a clay for thirty sec
onds (7 am, 9 am, 11 am, 1 pm, 3 pm, 5 pm, 7 pm, 9 pm,
E.D.T.). The cuttings were pinched and short days began
the day of potting. The experiment was replicated three
times.

Data were recorded as outlined in experiment 1. They
were taken 31/., 7, and 10 weeks after potting.

Neither fertilizer rate nor watering frequency made any
statistically significant difference in fresh weights (aver
age of 486 grams), dry weights (average of 55 grams) or
heights (average of 38 centimeters) of the mum plants
(Figure 6). Averages given are figures at ten weeks after
potting.

Soil analysis indicated that watering frequency made
no statistically significant differences in soil analysis re
sults except for soil nitrates (Table 3).

Table 3. Soil nitrate levels as effected by watering fre
quency of the capillary bench. Differences are very
highly significant (a equals .001.).

Soil NO..'

Water applied 3 times a day for 1 minute 114.0
Water applied 8 times a day for 30 seconds 141.5

1Ex pressed as ppm NO in extracting solution

This can probably be explained by the high mobility
of nitrates in the soil when compared to the immobility or
very low mobility of phosphorus, potassium, calcium, and
magnesium. Time, position of sampling, and osmocote
rate effects can best and most simply be illustrated by-
looking at soil soluble salt data (Figures 7 and 8). Note
the reduction in soluble salt levels with time. This indi
cates uptake by the plant and a depletion of the osmocote
particles. This would also seem to indicate that we were
getting the greatest release of nutrients at a time when the

FIGURE 6. Golden Yellow Princess Anne mums grown on the capillary
bench. The osmocote rates versus water frequency are shown in the
photograph. Photograph was made ten weeks after potting (July
24, 1968).

Table 4. Soil pH at four different root zones. Position of
sampling is very highly significant (a equals .001)
with respect to soil pH. (hsd equals .39 a equals. 01).
equals .01)

soil pi I

lop of pot to '/i

i/i to l/2

l/o tO %

:{/j to bottom of pot

Total

soluble
saltsa

-5K X 10

400

300

200

100

5.2

5.5

5.9

5.9

Wks.after potting

top-I 1!1 IT3 4-bottom
4 4 2 2 4

Position of sample in pot

FIGURE 7. Soluble salt readings at the different root zone samples at
the three sampling dates. Both position of sampling and time of
sampling were very highly significant statistically ( a equals .001).
.001).

(continued on page 7)
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rate of growth of the plant was the greatest, which should
be of value from a nutritional standpoint.

Soil pH varied in the four root zones sampled, with a
much lower pH at the top of the pot than at the bottom
(Table 4). This could be caused in part by the high pH
of the water applied to the capillary bench. The water
generally has a pH of above 7.0. The other soil nutrients
followed much the same pattern as the soluble salt data
presented earlier.

Total
soluble

saltsa

K X TO"5

400

300

200

100

Rate of osmocote

15 Ibs./cu.yd. of mix
—12.5 Ibs/cu. yd. of mix

—n—TTtop-1 \-\
Position of sample in pot

FIGURE 8. Soluble salt readings at the different root zones sampled ver
sus the two osmocote rates. Both position of sampling and osmo
cote rate were very highly significant statistically (a equals .001).

The two osmocote rates made no statistically significant
differences in the foliar content of nitrogen, phosphorus,
potassium, calcium, or magnesium. There were statisti
cally significant differences in foliar nitrogen content at
the two watering frequencies (Table 5). This follows the
soil results presented in Table 3. Time of sampling
proved to be statistically significant for all the foliar el
ements analyzed except potassium (Figure 9).

Table 5. Nitrogen content of the foliage of Golden Yellow
Princess Anne mums grown on the capillary bench
at two watering frequencies. The differences are
very highly significant statistically (a equals .001).

Foliar N1

1-2 ^-bottom

Water applied 3 times a day for 1 minute
Water applied 8 times a day for 30 seconds

4.6

5.0

Expressed as % dry weight

Summary

The information presented here is intended only as a
progress report. The two experiments reported are by no
means the complete picture of fertilization for the capil
lary bench. They have shown that capillary bench grow
ing of pot mums is practical. The problem of salt build
up can be solved.

We are now turning our attention to ways of predicting
when to wet the sand, water movement in the sand and
soil, containers suitable for pot plant and bedding plant
production using capillary bench watering, and other
crops suitable for this type of production.

v'

\
\

\
\

\
\

M dry
weight

\
\.

3-1- 7 10
wks. after potting

FIGURE 9. Foliar analysis results (expressed as % dry weight) of Golden
Yellow Princess Anne mums at the three different sampling dates.
Time differences were very highly significant statistically (a equals
.001) for all the elements shown except potassium for which time
was significant at (a equals .05). The drastic reduction in % nitro
gen with times does not follow foliar analysis results^ reported by
others in the pass. However, we got the same results in experiment
I (Table 2), so this may be a cultivar difference. It is a question for
future experiments to answer.
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1968 New York State Fair
The New York State Flower Growers' Commercial

Florists' Competition was held last Aug. 27-Sept. 2. The
10 exhibits were viewed by thousands of people at Syra
cuse. This year's theme was 'Around the World with
Flowers.'

First place was awarded to Don Deeble of Riverside Gardens, John
son City (center). Joe Mulhauser, NYSFG representative (left) Sam Rao
coordinator (right).
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Second place was awarded to Chuck Myers of Arcadia Florist, Newark.

\

"I

Third place was awarded to Denis Ciecko, Village Floral, New York
Mills.

The other exhibitors were:

Geloso Brothers, Mohawk Valley Florist, llion
Mary Sheehan, Pires Flowers. Norwich
Joe Haliano, Mary Jane Dougall Florist. Syracuse
Paul Stengler, Land of Trees Florist, Williamsville.
John Caterhan and Cathy Bremon, Jerrys Flowers, East

Syracuse
Diane Hart, Hart's Flowers, Cortland
Joe Metz, Gvignard Florists, Lawville
We would like to congratulate them all for an excellent

job.

Good Appointed Ass't Prof.
Dr. Good received his Bachelor's degree from the Ohio

State University in 1962, with a major in nursery man
agement, where his advisor was Dr. L. C. Chadwick.
Graduate studies at Cornell led to the Master of Science

degree in 1966. His thesis research was concerned with
the leaching and redistribution of metabolites in cuttings
propagated under intermittent mist.

He recently completed his doctorate studies at Cornell
University with thesis research on the influence of shoot
and root zone temperature on the root uptake and trans
location of nutrients in dormant woody plants, conducted
under the direction of Dr. Harold B. Tukey, Jr. From
1963 to 1968 he has been a research and teaching assist
ant in the Department of Floriculture and Ornamental
Horticulture.

At Cornell, Dr. Good will teach a course, Nursery Crop
Production and Management, will be extension leader for
the extension program for commerical nurserymen and
arborists, and will conduct a research program on prob
lems relating to woody ornamental plants.
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