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Easter Lilies - Present

and Future

Part I*
T. Weiler and R. W. Langhans

Department of Floriculture
Cornell University

There have been many research reports about the Easter
Lily in the past 5 years. We have digested this material
and would like to give you our thoughts on where we have
been and what to look for in the future. There have been
some great strides made and, in fact, we feel these were
more numerous than the lily grower, jobber, and forcer
have been able to absorb. It, therefore, is our hope this
series of articles will be comprehendible and will put this
work in its proper perspective.

There are presently about 1000 acres devoted to the
production of lily bulbs in the United States; the greatest
production in Oregon, California, and Florida (2). A
large percentage of this acreage is devoted to Easter lilies
(Lilium longiflorum). Ten million Easter lily bulbs are
produced each year (3) and an additional 5 million bulbs
are imported from Japan (4).

This large number of bulbs could lead one to believe
the culture of Easter lilies is easy and uncomplicated;
however, those who reflect back to the 1963-1964 season,
for example, will verify the falsity of that assumption. In
1963-1964 many thousands of the 'Ace' bulbs did not
flower in time for the early Easter. Slow forcing has been
a problem encountered with many early Easters.

Another indication Easter lilies are a "difficult" crop
is the percentage of crop loss each year. Recently, we
had the opportunity of hearing Easter lily forcers discuss
this problem and they concluded a yearly loss of 10 per
cent from various causes was not uncommon. While they
still find the crop profitable, a 10 percent loss is never
theless a larg& one and also unnecessary if the crop re
quirements were better understood.

The recently published "Easter Lily" manual contains
most of the pertinent information about this crop and is
recommended reading for any lily grower. The manual
also contains many of the details of the research work
discussed in this series and can be used as additional ref

erence. The major problems in Easter lily production and
forcing will be discussed in the first two articles and the
third will speculate on future trends and practices in
Easter lily production.

(continued on page 2)

*Parts 2 and 3 of this article will be presented in future bulletins.

Soil Moisture and Aeration

The Nature of Plant Water
A. Spomer and R. W. Langhans
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INTRODUCTION Why is water important to plants?

Water is the most important nutrient required by plants
for their growth and activity. Plants consist almost en
tirely of water. Eighty to ninety-five percent of the weight
of actively growing plant tissue and of most herbaceous
tissue (soft tissue such as leaves and flowers) is water. If
a large tin can is weighed, filled with water and re-
weighed, it is found to contain about ninety percent water
(by weight). Therefore, plants are literally living, grow
ing containers of water. Water is more than just an inert
filler in plants; it probably influences every plant activity.
Plants not only contain a lot of water, they also often use
hundreds of times this amount during growth. A herbace
ous plant weighing 200 grams (one gram is ^g ounce)
probably contains about 180 grams of water (90%) and
may have absorbed over 100 times 180 or 18,000 grams
during its growth; the actual amount depends on plant
and environment. Plants, and life in general, can not ex
ist without water!

WHY IS WATER IMPORTANT TO PLANTS ?

PLANTS CONSIST ALMOST ENTIRES

OF WATER

PLANTS USE TREMENDOUS AMOUNTS

OF WATER

WATER INFLUENCES ALL PLANT

FUNCTIONS

FIGURE 1. Water is quantitatively and qualitatively the most important
nutrient required by plants. Every floriculturist should therefore
know how water can affect plant growth.

Since water is quantitatively and qualitatively the most
important nutrient required by plants, every floriculturist
should know the nature and function of plant water and
how it affects growth. This article, the second in a series
on soil moisture and aeration (see NYSFG Bulletin 254),
briefly considers the nature of plant water in relation to
growth.

(continued on page 3)
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THE DISTRIBUTION OF WATER IN PLANTS Where
is water in plants?

Plant water content averages about 90%; however, the
actual range of water contents in different plant tissues
can vary from less than 5% to more than 98%. Most
plant water occurs in cells; water is also found in the cell
walls and open spaces between cells (Figure 2). Living
plant cells usually contain 95-98% water. The living part
{protoplasm) usually consists of about 95% water and
the vacuole, a sap-filled cavity in the protoplasm, consists
of about 98% water. Cell walls apparently have a rela
tively low water content, usually less than 40%. Water in
the open spaces between cells (inter-cellular spaces) oc
curs as a vapor filling the spaces and may also occur as a
thin film wetting cell surfaces. Inter-cellular water is
normally a very small part of the total weight (about
2/1000%). The actual amount of cell, cell wall, and in
ter-cellular water depends on the plant species, tissue,
growth stage, and environmental conditions. Herbaceous
tissues generally contain more water than woody tissues
(90% vs. 40-80%); younger, actively growing tissues
such as root and stem tips usually contain more than
older, non-growing tissue (90% vs. 70-85%); and vege
tative tissues usually contain more than seeds (80-95%
vs. 5%).

WHERE IS WATER IN PLANTS ?

MOST PLANT WATER IS FOUND IN PLANT

CELLS

VACUOLES CONTAIN 98%

PROTOPLASM CONTAINS 95%

CELL WALLS CONTAIN 40 %

WATER ALSO OCCURS IN INTER-CELLULAR

SFfcCES

a ««t.)

FIGURE 2. Plants consist almost entirely of water. Most plant water is
found in the cells and the rest is found in the cell walls and inter
cellular spaces.

If all of the solid material in a plant could somehow be
made invisible so that only the plant water could be seen,
it would be seen that the plant's form would not be visibly
changed and that water actually forms a continuous phase
throughout the plant (Figure 3). This continuous water
phase throughout the plant is probably the most impor
tant aspect of plant water distribution. The behavior of
water in plants is primarily due to this continuous water
phase which makes the plant little more than a water pipe
line from the soil to the atmosphere. Water has very
strong cohesive properties (molecules stick together
strongly). The strong cohesive properties of water in this
"pipeline" means that if water is "pulled" into the leaves,
this pull is transmitted rapidly through the plant to the
roots; in other words, water behaves almost like a chain

WATER FORMS A CONTINUOUS PHASE

THROUGHOUT THE PLANT

»'
tf^^y^. '' IF ALL PLANT
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-WATER IS ABSORBED BY PLANTS
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FIGURE 3. The most important aspect of plant water distribution is that
it forms a continuous phase throughout the plant.

or rope extending through the plant and a pull or tension
on one end is transmitted through the water phase to the
other end. Water in one part of the soil-plant-atmosphere
system therefore can rapidly influence water in the other
parts; the water status of the roots can influence the water
status of the shoot and vice-versa.

In summary, water occurs in plant cells, cell walls, and
inter-cellular spaces forming a continuous liquid phase
throughout the plant. All plant parts are closely inter
related in terms of water relations.

THE MOVEMENT OF PLANT WATER How does water
move through plants?

The path of water through plants begins where it is ab
sorbed from the soil and ends where it is evaporated into
the atmosphere or incorporated into plant tissue (Figure
4). Water is absorbed from the soil through plant roots.

HOW DOES WATER MOVE THROUGH PLANTS ?

FIGURE 4. Water is absorbed through the plant's roots, translocated
through the plant in the continuous water phase, and lost to the
atmosphere through stomates in the leaves.

The root hair zone, just behind the root tip, seems to be
the area most permeable to water; older root tissues often
become water impermeable. Water moves radially across
the outside part of the root (epidermis and cortex)
through cells, cell walls, and inter-cellular spaces until it
reaches the inside part of the root (endodermis and
stele). Water movement across the endodermis apparent
ly occurs only through cells and not through cell walls or
intercellular spaces. The permeability of cells to water

(continued on page 4)
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depends on cell physiological activity. The physiological
activity of the root can therefore directly influence the rate
of water absorption. Soil and plant nutrition, soil aera
tion, soil temperature, soil salinity, soil pH, and soil
pathogens all influence water absorption by affecting root
physiological activity. Once water penetrates the inner
part of roots and enters the translocation system (vascular
system) it is easily and often rapidly translocated
throughout the plant. Most of the water absorbed by
plants is translocated to the leaves where it evaporates or
diffuses out of the leaf cells into inter-cellular spaces,
through these spaces to tiny holes in the leaf surface
(stomates), and out of the leaf into the atmosphere. Leaf
surfaces are coated with a waxy, water impermeable layer
(cuticle) so water is lost from the plant almost entirely
through the stomates. This evaporation of water from
plants is called transpiration. Stomates on most plants
open in the light and close in the dark or when the plant
loses turgidity (wilts). The large, permeable surface of
the leaf is very efficient for photosynthesis but is very in
efficient in relation to water because it permits easy and
rapid loss of water.

Since water exists in a continuous phase throughout the
plant, a "pull" or "tension" exerted on water in one part
of the plant is rapidly transmitted through the continuous
water phase to other parts resulting in the tendency for
water to move into the part where the "pull" or "tension"
is exerted. A general term describing this "pull" or
"tension" which causes water to move is water suction
(also called water potential, water tension, diffusion pres
sure deficit, etc.). The movement of water through plants
is actually in response to differences in the energy status
(capacity or ability to do work) of water in different
plant parts. The term water potential, which is analgous
to water suction, has recently been adapted by re
searchers because it is a more precise term describing the
status of plant water and will therefore eventually replace
the older water suction terminology; however, the older
terminology will be used in this series of articles because
it is more familiar to horticulturists. In general, water
moves from lower to higher suction (in the direction of
the greater "pull"). Water suction in plants is primarily
caused by the "attraction" of water to plant solids and
solutes. When water is lost from the leaves by transpira
tion, the water suction in the leaves increases. Water suc
tion in plant tissue also increases as cells accumulate salts
and other soluble materials. When the suction in the
leaves and other tissues increases, water begins to move
into these tissues from tissues such as the stem and root
which have a lower water suction. This water movement
in response to suction differences is called passive water
movement. Active water movement, which involves some
sort of physiological "pumping" mechanism has also ap
parently been observed in some plants but is apparently
of minor importance in most plants.

Water movement in plants is controlled by soil, plant,
and atmospheric factors. Water loss depends on the tend
ency and ability of water to move from the plant to the

WHY DOES WATER MOVE THROUGH PLANTS ?

A "PULL* OR SUCTION INCREASE IN

ONE PART OF THE PLANT

IS TRANSMITTED THROUGHOUT

THE PLANT THROUGH THE

CONTINUOUS WATER PHASE

AND WATER MOVES FROM AREAS

OF LESSER SUCTION TO AREAS

OF GREATER SUCTION

FIGURE 5. Water moves throughout the plant in response to suction
differences in different plant parts.

atmosphere; this tendency is influenced by atmospheric
water suction (relative humidity), plant water suction,
and plant stomates and cuticle. When the atmosphere is
dry (low relative humidiy = high water suction) and the
plant's stomates are open, plant water loss will be high.
Air movement also affects water loss. Water absorption
depends on the tendency and ability of water to move
from the soil to the plant; this is influenced by soil mois
ture availability, root permeability, and plant suction. In
general, water at the root surface will be absorbed when
it is at a lower soil water suction than plant water suction.
These factors will be discussed in more detail in later ar
ticles in this series.

In summary, water moves into the plant through the
roots, throughout the plant in the continuous water phase,
and out of the plant through the leaves. Water movement
is caused by suction differences throughout the plant.

THE FUNCTION OF WATER IN PLANTS What does
water do in plants?

Since plants consist almost entirely of water, every
plant activity is probably influenced by water. Water has
several direct functions in plants. Water functions as a
hydraulic agent which maintains cells in a fully expanded
condition (turgid) necessary for growth in size and for
support. During growth, water enters cells, exerting pres
sure which stretches the walls causing the cells to grow
larger like expanding balloons. Water also functions as a
solvent and transport agent in which all material, includ
ing nutrients, gases, and plant products, move into and
throughout the plant. Water is the main constituent of
the cell protoplasm where it not only functions as a "fil
ler" or dispersant but also as an important structural com
ponent. All life activities take place in this protoplasmic
water "solution." Proteins and enzymes are molecules in
the protoplasm that regulate and direct life processes.
Their functioning depends on their molecular structure.
Water is normally "bound" to these molecules as part of
their molecular structure. When water is withdrawn,
their structure and function apparently change. Water also
functions as a biochemical reagent in many psysiological
reactions. The most significant example is as one of the

(continued on page 5)
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raw materials utilized by plants in the production of food
(photosynthesis).

In addition to these direct functions of water in
plants, water indirectly influences growth by helping to
regulate plant temperature and conditioning the plant's
environment (ie. soil physical, chemical and biological
character).

WHAT DOES WATER DO IN PLANTS ?

IT IS NECESSARY FOR TURGIDITY

IT IS A SOLVENT AND TRANSPORT AGENT

IT IS THE MAIN CONSTITUENT OF CELLS

IT IS A BIOCHEMICAL REAGENT

FIGURE 6. Water probably influences every plant activity.

In summary, water's main functions in plants are as a
hydraulic agent, a solvent and transport agent, a proto
plasmic constituent, a bio-chemical reagent, a heat regu
lator, and an environmental conditioner. All life depends
on water!

PLANT WATER DEFICIENCY How does a lack of
water affect plants?

Plant water deficiency occurs whenever plans require
or lose more water than they absorb over a period of
time; this is often called plant water stress. Both water
content and suction change during a plant water defici-
ciency and the size of their change depends primarily
on the severity and duration of the deficiency. Water
content changes are usually relatively small (5-15%) and
water suction changes are often very large.

WHAT IS A PLANT WATER DEFICIENCY ?

NON-OEFlCIENT DEFICIENT

FIGURE 7. Whenever a plant uses and loses more water than it ab
sorbs, a plant water deficit occurs.

In general, during a period of plant water deficiency
(water stress), plant growth processes are reduced direct
ly or indirectly by a lack of water. A plant water defi
ciency affects growth in several ways; the overall effect de
pends on the severity and duration of the deficiency and
on the plant species, part, growth stage, and pre-condi

tioning. The initial effect of a water deficiency is a
decreased water content or loss of turgidity and an in
creased water suction. This causes a reduction or stoppage
or even reversal of expansion growth; loss of tissue
support or wilting; closure of stomates which stops or
slowscarbon dioxide-oxygen exchange indirectly influenc
ing photosynthesis; and an increase, a decrease, or no
change in water movement dependingon the availabilityof
soil water and on closure of the stomates. Most metabolic
processes such as photosynthesis, respiration, protein syn
thesis, and others are influenced directly or indirectly by
decreased plant water content or increased plant water
suction. Under prolonged or severe conditions of water
stress, cells and tissue may be permanently injured or
changed in other ways. Most plants adapt to repeated or
prolonged water deficiency and become more able to sur
vive subsequent periods of water stress. In some plants
these changes may actually enhance product quality;
water stress may result in higher sugar or other specific
substance content, less succulent tissues, etc. Water stress
also apparently sometimes hastens flower initiation, break
ing of dormancy, flower development, onset of dormancy,
delays flower initiation, flower development, breaking of
dormancy, increases fruit size, decreases fruit size,
changes plant morphology, and has many other effects de
pending on the plant species and on conditions preceding,
during, and following the period of water stress. In all
cases of water deficiency, however, overall plant growth
is usually reduced.

HOW DOES A WATER DEFICIENCY AFFECT

PLANTS?

LOSS OF TURGOR

TRANSLOCATION MAY CHANGE

PROTOPLASM MAY BE DAMAGED

METABOLISM IS AFFECTED

GROWTH IS REDUCED

FIGURE 8. The overall influence of a plant water stress is reduced
growth.

In summary, a plant water deficiency occurs whenever
a plant requires more water than it absorbs. A water defi
ciency reduces plant growth (size).

SUMMARY AND CONCLUSIONS
Plants consist almost entirely of water and all plant ac

tivities are influenced by plant water. Water is the most
important plant nutrient and a lack of it will reduce plant
growth. In some instances, this may be desirable but de
creased growth of most horticultural products usually
means decreased product quality. In addition, water is a
"vanishing" natural resource and is quickly becoming less
available for horticultural use. It is therefore important
that horticulturists understand how water can influence

crop growth and how they can efficiently manage water
(continued on page 6)
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EFFECT OF PLANT WATER DEFICIENCY

NON-C€FlCIENT

PERIOOIC DEFICIENCY

CONTINOUS DEFICIENCY

toEFICIENCY

FIGURE 9. Diagram showing probable growth response of plants to
water deficiency.

supply. It would be impossible to publish specific irriga
tion recommendations for each specific greenhouse situa
tion, however, with an understanding of the basic prin
ciples involved, it is possible for each particular grower
to acquire the knowledge necessary to develop his own
irrigation program. It is hoped that this series of articles
will help provide such an understanding of soil-plant-
water relations.

Easter Lilies
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Foliage Plant Response to CO.. By W. A. Humphrey
and P. E. Parvin of the Agri. Extension Service, Univ. of
Calif.

The study was conducted to determine how foliage
plants respond to elevated levels of carbon dioxide (C02)
during the daylight period when greenhouse ventilators
are closed. Tests were conducted from February to June.
1966. A variety of foliage plants was used. Source of
C02 was a dry ice converter. The level of C02 maintained
while the ventilators were closed, i.e. when daytime tem
peratures were below 80-82°F., varied between 750 to
1800 parts per million. The daily addition of C02 varied
with the season.

Two principal types of measurements, length of leaves

and numbers of leaves per plant, were used to determine
whether any growth differences occurred between the sec
tion in which C02 was added and the regular section.
Fatsia japonica plants treated with additional C02 had
close to 25 percent more length of the largest trifoliate
leaf on each plant when measured 15 weeks from seeding
date. With plants of Dieffenbachia picta superba, started
as unrooted tip cuttings, an approximate 20 percent in
crease in the number of leaves was evident in two months

on the plants in the C02 unit over the non-C02 unit plants.
Bromeliads responded with increased growth in the C02
unit. Guzmania pecocki showed 16 percent additional
growth in the C02 section when leaf measurements were
compared. Additional observations indicated that when
unrooted cuttings were placed in the respective units,
those in the C02 unit developed larger root systems. The
workers caution that their data compares various aspects
of the growth difference rather than over-all growth dif
ferences.

C. F. Gortzig

Effect of Storage Lighting and Temperature on
Metabolism and Keeping Quality of Chrysanthemum
morifolium Cut Flowers Relative to Nitrogen Fertili
zation. By S. S. Woltz and W. E. Waters, Gulf Coast Ex
periment Station, Bradenton, Florida

The objective of the research was to study the interrela
tionships of pre-harvest nitrogen nutrition and light and
temperature in storage on the keeping quality and metab
olism of chrysanthemum cut flowers.

Light and refrigeration each prolonged the storage life
of the cut-flowers; and together were additively beneficial.
At 45°, the longevity of leaves was increased 34% by
light and at 75°, longevity of leaves was increased by
240%. Light increased the longevity of flowers by 12% at
45° and by 57% at 75°. Light and refrigeration during
storage retained the photosynthe.tic capacity of leaves at
higher levels and for longer durations than did storage
conditions of darkness and elevated temperatures. Increas
ing rates and duration of nitrogen application resulted in
increased chlorophyll content and usually of photosyn-
thetic capacity of leaves at harvest as well as after 1, 2,
and 4 weeks of storage. Increasing nitrogen rates resulted
in improved keeping quality of leaves in lighted storage,
but had little effect in the dark. Increases in the duration
of nitrogen fertilization resulted in increased keeping
quality of leaves in the light but had no effect on leaves
in the dark. Increased duration of nitrogen application
had no effect on keeping quality of flowers in the light
and decreased the keeping quality in the dark.

C. F. Gortzig
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