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ABSTRACT

WATER RELATIONS IN CUT ROSES (ROSA HYBRIDA L.)

MEASURED WITH IN SITU HYGROMETER AND

PRESSURE CHAMBER

1. Water Relations in Cut Roses: A Comparison of in situ

Hygrometer and Pressure Chamber Hater Potential-TECH-

niques

11. Water Relations in 'Samantha' and 'Golden Wave' Cut

Roses

By

Mary L. Donnell

Section I

Pressure chamber measurements of water potential of cut roses

with leaves and/or flowers attached to the stem reflect stem xylem

potentials. Pressure chamber and jg_§jtu_dew point hygrometer meas-

urements of leaf water potential are in close agreement. .Efl.§i§!

hygrometers were used to measure rose petal potentials. SEM studies

of leaf and petal surfaces revealed no damage to epidermal cells when

abraded with carborundum to allow more rapid vapor equilibration in

hygrometers.

Section II
 

Short-lived 'Golden Nave' and long-lived 'Samantha' leaf and

petal water potential declined with time from cutting. 'Golden Nave'

petal potential declined faster than 'Samantha' with 'Samantha'



Mary L. Donnell

petals lowest at senescence. Leaf potential of both cultivars

declined at similar rates.

Both cultivars senesced when fresh weight declined below

initial weight. Hydraulic conductivities decreased with time.

'Golden Have' was more resistant to water flow. Differences in

vase life may be due to larger water deficits of 'Golden Wave'.
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Readers:

The journal-article format was adopted for this thesis in

accordance with departmental and university requirements. Two

sections were prepared and styled for publication in the Journal

of the American Society for Horticultural Science.
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LITERATURE REVIEW

Introduction

Cut rose (Rosa hybrida L.) sales comprised 14.5% of the total
 

floriculture sales in the United States in l979 (3). The price per

bloom is one of the highest of all cut flowers sold (3), yet cut

roses have an average vase life of only 4-8 days (44) compared to

9-l4 days for standard Chrysanthemums (52) and carnations (28).

Extending the vase life of cut roses is an important research area

in floriculture.

The rapid loss of turgor pressure in cut rose petals is of

major concern. The water balance of a cut rose is thought to be one

of the main factors affecting longevity (l,l8,l9,56). Elucidating

the water relations of cut roses depends on characterizing the phy-

siological and physical processes which influence the flower's water

balance, and the accurate measurement of the changing water status.

The water balance in general is determined by the differ-

ence between water loss and water uptake. A deficit develops when

water loss exceeds uptake. Hater loss is determined primarily by

transpiration (45,49) so factors influencing stomatal movements under

water stress are important. Hater uptake rates in response to trans-

pirational losses ultimately determine plant water status. A plant

capable of replacing water lost through transpiration will not



develop water stress. If too great a resistance to water flow

develops, transpirational water losses will result in a water deficit.

The balance between transpiration and uptake changes throughout the

life of a cut rose (43). The most accurate indicator of plant water

status is tissue water potential (HP) (21,3l). Two methods commonly

used to measure plant water potentials are the pressure chamber and

the psychrometer.

Transpirational Hater Loss

Hater is lost from plants by transpiration through both the

cuticle and stomatal pores (45,49), with 97% of the water lost through

the stomates (45). The amount of stomatal water loss is affected by

the vapor pressure gradient between the stomatal chamber and the sur-

rounding air, air movement around the leaf, and the degree of stomatal

Opening (45). Vapor pressure gradients change with air temperature

and relative humidity.

In still air, as water diffuses into the atmosphere from a

stomate, a layer of air at higher vapor pressure than the surrounding

atmosphere develops around the leaf. This air layer decreases the

vapor pressure deficit thereby reducing transpiration. This resis-

tance to water diffusion is known as boundary layer resistance (45).

Air moving across the leaf surface reduces the boundary air resistance,

thus increasing stomatal evaporation.

The degree of stomatal opening is controlled by many factors

such as: light, C02, hormones, and tissue HP (2,l4,45,49). Stomatal



opening is thought to be mediated by potassium ion (K+) flux.

Organic acid production and dissociation may lead to a movement of

K+ through a hydrogen-K+ exchange pump (49). Hhen K+ moves into the

guard cells, the osmotic potential becomes more negative than the

surrounding cells, causing water to diffuse into the guard cells.

The increased turgor due to the diffusion of water causes the stomate

to open. Hhen K+ leaves guard cells, stomates close (2,49).

Lig_t

Stomates are photoreactive in that they usually close in the

dark and open in the light. Two phases of stomatal response to light

levels have been found in plants: first, a rapid increase in stomatal

aperature under low flux densities, and second, a gradual increase

with high flux densities (14). Moderate sunlight induces maximum

stomatal opening in most temperate plant species (49). Light may

influence stomates through organic acid synthesis (49).

Carbon Dioxide

Carbon dioxide levels are important in stomatal opening.

Low CO2 levels can induce stomatal opening even in the dark (49),

while CO2 levels above normal atmospheric levels induce stomatal

closing (2,14,49). Maximal stomatal opening corresponds closely to

the CO2 compensation point (2,14). Evidence points to reduced CO2

levels promoting stomatal opening through an influx of K+ (2). It

is unclear how this is brought about.



Plant Hormones
 

Plant hormones can influence stomatal opening (2,29,30,41)

and, therefore, the water balance of a plant. The two plant hormones

with some influence on stomates are abscisic acid (ABA) and cytokinins

(29). Ethylene production due to water stress has been postulated

(29,49).

Abscisic acid. Endogenous ABA levels rise with water stress
 

(2,14,29), and exogenously applied ABA promotes stomatal closure

(36). Therefore, ABA is thought to be important in regulation of

water loss. In cut roses, ABA levels rise as senescence, with its

concomitant water stress, progresses (40,42).

ABA applied exogenously to a cut rose at 1 ppm reduced water

loss and water uptake (30). Since water loss is impeded more than

water uptake, an improved water balance and increased vase life

result (30). Studies on leafless roses have shown ABA application

to accelerate senescence, increase respiration and reducing sugars,

and decrease sucrose and protein content of petals (9). ABA appli-

cation would not slow water loss from leafless flowers as rose

flowers have functional stomates only on the leaves (18,41). Thus,

ABA appears to have two different roles in cut rose longevity: first,

to initiate stomatal closure, thereby slowing water loss, and second,

to increase protein degradation in the absence of leaves. The vase

life may be lengthened by stomatal closure since water stress

increases RNAase activity and protein degradation (29,41). This may

be offset in flowers with leaves due to ABA improving the water

balance.



,Qytokinins. Exogenously applied cytokinins can induce

stomatal opening in some plants (29,36). They also increase water

uptake in leafless roses which improves the water balance (41).

Cytokinin levels decrease with water stress (29,36), which may be a

factor in the decline in cytokinin levels in cut roses throughout

vase life (42). Applied cytokinins delayed senescence in the short-

lived cultivar 'Golden Have'. The stomata of 'Golden Have' do not

close as completely in water stress situations as the longer-lived

cultivar 'Baccara' (43) despite lower endogenous cytokinin levels

(39). Thus, cytokinins'role in rose petal senescence may be due

primarily to decreasing RNAase activity and protein degradation, and

increasing petal growth (41), rather than to changes in stomatal

opening.

Leaf Hater Potential

Changes in leaf water potential control stomatal opening. A

well-hydrated leaf has wider open stomata under constant light and

CO2 conditions than a water stressed leaf (45).

Hater Uptake

The maintenance of adequate water uptake in cut roses is of

prime importance. Senescence is correlated with a decrease in fresh

weight due to water loss exceeding water uptake (1,18,37). There is

a decreased hydraulic conductivity in cut rose stems with time after

cutting (l3,24,25,27,43,57). This is in contrast with the stem of

a rose allowed to senesce on the plant which does not show a decrease



in water conductivity (25). Hater uptake begins to decline 2-3 days

after cutting (25) and is associated with lower transpiration rates

and decreasing conductivity of the xylem elements.

Hater moves through the stem of a rose in response to the HP

gradients established when the leaves transpire. Hater loss from

the leaves causes the HP to decrease (become more negative) relative

to the surrounding tissues. This establishes an energy gradient.

The lower water potential is transmitted through the leaf to the stem

and ultimately to the vase water as water moves down the energy

gradient from tissues with higher water potentials to tissues with

lower water potentials. Carpenter and Rasmussen (18) found the

removal of leaves on 'Forever Yours' roses decreased water uptake by

78.5% with the rose flower accounting for another 20.4% of the water

uptake. In this case, removal of leaves actually improved the water

balance and consequently, the vase life due to the amount of water

lost being less than the amount of water taken up by the flowers.

Sucrose

Sucrose, a common component in floral preservatives, is effec-

tive in prolonging the vase life of cut roses (19,37,38). Sucrose

raises the respiration rate significantly (19) and assists in main-

taining a good water balance. Sucrose closes stomates and promotes

water retention (1,37,38). Due to increased water retention, sucrose

treated flowers attain greater fresh weight than flowers held in

water, and they maintain a positive water balance for a longer time

after cutting (38).



Vascular Blockage

Decreasing conductivity of the xylem elements in cut roses

cannot be attributed to a single factor. Rather, there appear to be

numerous factors which may act singly or in combination to increase

resistance to water flow. Micro-organisms, enzymatic degradation,

and contaminants in the vase water all may contribute to loss of

xylem element function.

Micro-organisms. Micro-organisms have been implicated in the
 

blockage of xylem elements of cut roses (1,13,24). However, Marousky

(37) found that 8-hydroxyquinoline citrate (8-HQC) in sterile condi-

tions improved water conductivity over controls, indicating that

vascular blockage by micro-organisms was not the sole reason for

decreasing water conductivity. 8-HQC not only improves water balance

by closing stomates (37), but it also lowers the pH to 4 (33). Aarts

(1) demonstrated that low solution pH increased vase life and Marousky

(38) showed that rose stems held in sterile solutions at pH 3 con-

ducted 70% more water than stems held at pH 6 under sterile condi-

tions. These data plus histochemical and microscopic examinations

of aging rose stems (25,26,52) support the conclusion that micro-

organisms are only one aspect of vascular blockage of cut roses.

Hound response. Physiological response to wounding may reduce
 

hydraulic conductivity in rose stems (l7). Hounding can initiate

gum formation in xylem elements of woody stems (26), and gum-like

substances have been found occluding rose xylem elements (35,50).



Low pH is postulated to decrease enzymatic activity responsible for

vascular tissue breakdown and decrease subsequent production of

occluding materials (37,38).

Hater quality. Hater quality affects cut flower longevity.

Haters (65) found that increasing salt concentrations in vase water

decreased cut flower water uptake. The amount of air dissolved in

the vase water also affects longevity (23). Dissolved air blocks

xylem elements, causing those elements to become nonfunctional,

thereby impeding water uptake. Air also enters cut stems when held

out of water. Recutting stems under water to eliminate trapped air

may lengthen the vase life of cut flowers (34). Air embolisms do

not show up in histochemical and microsc0pic studies, making it

difficult to estimate the extent to which air blockages decrease

water uptake.

Measurement of Hater Potential

HP being a measurable thermodynamic property reflects the

chemical energy of water in a system. HP gradients influence the

direction of water flow to a great extent (12,64), and cellular

chemical energy influences physiological reactions (12,21). The

cellular water potential is determined by a combination of osmotic

and matric potentials and turgor pressure. Increased solute concen-

trations, adsorption to and capillarity between cellular structures

lower the free energy of water, thus lowering the HP. Increasing

turgor pressure against cell walls increases the free energy of water.
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Turgor pressure is most commonly a positive number while osmotic and

matric potentials are negative numbers, usually expressed in units of

pressure.

Different cellular processes can be influenced by one or more

of the components of cellular HP (21), but it is difficult to ascribe

specific processes to a specific component of HP (21). HP quanti-

tatively reflects the sum of the chemical energy of plant cells and

is a good measure of tissue water deficits (5). Relative water con-

tent (5,12,6l), isopiestic techniques (5,12,61), measurement of leaf

and stem thickness (5,61), pressure chambers (PC) (5,21,59,60,6l),

and psychrometric techniques (PT) (5,12,61,62) have been used to

estimate plant HP. The PC and PT have proven to be useful and flexi-

ble methods of measuring HP and its components.

Pressure Chamber
 

The PC technique suggested by Dixon in 1914 (22), is a

method of quantitating shoot water relations. He suggested that

application of pressure to a leafy shoot enclosed in a chamber with

only the cut end exposed to the atmosphere, would force water out of

the cells and out of the cut surface when pressure was equal to the

attraction of the water to the cells. Although his premise was

sound, C02 toxicities at high pressures and two explosions kept Dixon

from pursuing the technique. In 1964, Scholander et a1. (60) devel-

oped a similar PC. Nitrogen gas was used to express xylem sap from

leafy shoots. They used the PC to obtain balancing pressures to the

pressures on the xylem sap as well as to determine osmotic potential
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and turgor pressure (58,59). Tyree and Hammel (63) developed the

theoretical basis for the PC further.

Other researchers have since adapted the technique for use

on leaves as well as on leafy shoots. The interpretation of the

pressures obtained is based on the relationship (11,61):

ww = P + Ws(xylem)

where

Ww = water potential of leaf cells

P = applied pressure

Vs(xylem) = osmotic potential of xylem sap

P and Vs(xylem) are the forces which remove water from the leaf cells

while WW is the force of the attraction of the water to the cell.

Sap will just begin to be expressed from the cut end of the shoot or

leaf when P = Yw - ws(xylem)’

often ignored in PC determinations as it is usually higher (wetter)

The osmotic potential of xylem is

than -2 bars (11,12). The balancing pressure is taken to be equal

but opposite to the HP.

The method is simple, and the equipment durable making it a

suitable field technique. Modifications of this basic procedure have

extended the use of the PC to osmotic potential and turgor pressure

determinations (20,55,63). The PC technique does have some draw-

backs: first, increased pressure and temperature changes within the

chamber during pressurization may lyse cells making the technique

destructive (51). Secondly, the pressure may force water into
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intercellular spaces (11) resulting in spuriously high pressures.

The anatomy of the plant part is important in determining the extent

to which this occurs (11). Lastly, the PC measurements reflect only

the highest potential in the shoot, rather than an average potential

(46). It has become standard practice to compare PC with PT deter-

minations on a plant species to evaluate the PC measurements (8,11,55).

Psychrometric Technique

The PT was first introduced by Spanner in 1951 (62). The

technique is based on measuring the vapor pressure of an enclosed

tissue sample. HP is related to vapor pressure in the following

manner (64):

WW =~¥§~ln-§

V o

where

WW = water potential

R = universal gas constant

T = temperature

V'= partial molal volume of water

e = vapor pressure of water at T

eO = vapor pressure of pure water at T

Thus, the vapor pressure above a solution or tissue is directly

related to the HP.

The PT measures vapor pressure with a very fine thermocouple

enclosed in a chamber with a plant tissue or solution equilibrated
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with the chamber's atmosphere. The Peltier effect is used to cool

the thermocouple below the dew point temperature which causes water

to condense on the junction. The junction than acts as a very small

“wet-bulb" thermometer to the .dry thermocouple junction. The small

size of the thermocouple causes as little temperature disturbance

in the system as possible. This technique requires good temperature

control of the system due to the sensitivity of vapor pressure to

temperature changes (12). Richards and Ogata introduced a modifica-

tion of Spanner's technique in 1958 (54). A sample chamber was con-

structed into which a drop of water was introduced manually, in

order to eliminate the need for Peltier cooling. Boyer (10) took

this one step further, by using isopiestic solutions in place of the

water drop. All three approaches are accurate (5,12,61). The PT

by Spanner (62) is in wide usage today and will be discussed in more

detail.

In situ dew point hygrometers. The PT has undergone addi-
 

tional modifications in the past twenty years such as that of Neumann

and Thurtell in 1972 (48). They adapted a Peltier cooled thermo-

couple to intact leaves. Previously, tissue discs were enclosed in

sample chambers and the HP measured. Excision of tissue causes

errors resulting from the solutes released by the cut cells being

accumulated by the intact cells. This accumulation lowers the HP of

the cells, causing released water to flow down the energy gradient

into the intact cells. The HP of the intact cells is changed by the

influx of solutes and water (6,7,47).
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Other errors of the PT are avoided by using intact leaves.

The effect of adsorption of water onto chamber walls is minimized

with an intact leaf, as it has a continuous water source to supply

water until equilibrium is achieved (8). Baughn and Tanner (8) also

suggest that errors arising from heat of respiration (4) are elimi-

nated because the intact leaf is heat-sinked, presumably by the

aluminum block surrounding the thermocouple. Both methods are sub-

ject to problems of vapor equilibration with leaves whose cuticles

effectively prevent water loss by the leaf (8,53). Leaf cuticles

can be gently abraded to thin the cuticles (8).

Neumann and Thurtell modified the PT further when they

developed the methods for measuring HP of intact leaves (48). Their

technique involved measuring the dew point temperature of water vapor.

Two thermocouples with a common measuring junction were used. Cur-

rent passed through one thermocouple lowered the temperature below

the dew point by the Peltier effect, and a dr0p of water condensed

on the junction. The cooling current was then decreased until the

temperature was reached at which point there was no net evaporation

or condensation of water, i.e., the dew point. The temperature

change was measured by the second thermocouple. This application

of the PT is considered less sensitive to ambient temperature fluc-

tuations than the PT (48) and avoids errors of vapor loss by the wet

junction to the atmosphere, by adjusting the water potential of the

droplet through temperature changes to that of the sample (48).

Evaluation of the in situ dew point hygrometer has shown it to be
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precise to 1 bar or better (16) and to agree well with the theory

developed for the technique (15).

In situ dew point hygrometers are not destructive which makes

them unique among most of the methods of measuring HP. Hygrometers

have been kept on leaves for up to 10 days with no discernible injury

(66). Disadvantages of the hygrometers compared with a PC include

sensitivity to temperature gradients, relatively long equilibration

times (up to 8 hours), and elaborate instrumentation. Comparison

of the PC to a PT is common with the PT considered the more accurate

measurement of tissue HP (8,12,55).

Cut Rose Hater Relations

The only study to date which reported rose petal HP was by

Mayak et a1. (43) on cut and intact roses using an isopiestic method.

They found that the HP of rose petals from intact plants did not

decrease with flower senescence. In contrast, the HP of cut rose

petals dropped significantly immediately before flower senescence.

Zieslin et a1. (67) demonstrated that water will move from cut rose

petals into the stem under water stress conditions. Hater stress

increases during senescence (43). Hater may preferentially move from

the petals to the rest of the cut rose as water stress increases.
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Abstract. Pressure chamber measurement of water potential of cut

roses with leaves and/or flowers attached to the stem reflect pri-

marily stem xylem water potentials. However, pressure chamber

determinations of leaf water potential were very similar to leaf

potentials obtained with in situ dew point hygrometers. At water

potentials higher than -1175 Ears, the pressure chamber measure-

ments were lower (-l.5 bar maximum) than a hygrometer on the same

leaf, and below -11.5 bars the pressure chamber measurements were

higher (-1.0 bar maximum) than a hygrometer. Both techniques gave

similar results for water potentials of cut rose leaves over time.

However, the pressure chamber required hundreds of flowers compared

to 8 flowers with in situ hygrometers to determine the water status

during the vase liTE of the rose.

In_situ hygrometers were used to follow the changes in water poten-

tial of rose petals during senescence, and were successful in

detecting differences in the water relations of senescing short-lived

cv. Golden Have and long-lived cv. Samantha.

Scanning electron microscope studies of upper leaf surfaces and lower

petal surfaces revealed no damage to epidermal cells when gently

abraded with carborundum to allow vapor equilibration in the dew

point hygrometers. The cuticular waxes appeared to have been altered

and redistributed by the abrasion process. The cellular water rela-

tions were presumed undisturbed by gentle abrasion.

The study of water relations in cut roses has gained interest

in recent years since water stress is considered one of the primary

factors leading to senescence in cut roses (1,9,18). Tissue water

potential reflects the chemical energy status of water and is a useful
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parameter as it affects many plant processes (3,21). A number of

techniques have been developed to measure plant water potentials.

Two commonly used techniques are the pressure chamber (PC) which uses

pressure to express xylem sap (7,19) and the psychrometric technique

(PT) which measures vapor pressure of air above an equilibrated sample

(20). Vapor pressure is directly related to water potential (21).

The PT commonly involves use of tissue discs in a small sample chamber,

but may also be used for in situ_measurements (17). Ig_§jtu_hygrome-

ters are placed directly on a leaf and either measure temperature

differences between wet and dry thermocouple junctions to quantitate

water vapor (psychrometric determination) or determine the water

vapor content by sensing the dew point of the water vapor (dew point

determination). A hygrometer can be used in either a psychrometric

or dew point mode (10).

The advantage of the PC is that it is quick and simple to

use, durable, and well adapted to field work (6). The disadvantages of

the PC are that it is not known how accurately the method reflects

plant water potentials without calibration with the PT for a given

plant species (6,8,12), and the PC is not suited to measure poten-

tials in plant parts such as flower petals.

The techniques of sensing water vapor pressure in air equi-

librated over a tissue are the most accurate methods in determining

water potentials (3,8). The disadvantages are that equilibration

times are long (up to 8 hrs), and the instruments are sensitive to

temperature gradients (3,8) making the PT primarily a laboratory



26

technique. Maintenance and setup are also more time consuming than

the PC. The PT using tissue discs has errors arising from cutting

tissue (4,5,16), heat of respiration (2), vapor accumulation on the

chamber walls (8), and it is destructive. In_§jtu_hygrometers avoid

these drawbacks by using intact tissues, the leaf being heat-sinked

by the aluminum block surrounding the hygrometer (6), and minimizing

the effects of water adsorption to the chamber since the continuous

water supply to the leaf allows it to lose or gain water until vapor

equilibrium is reached (6). The surface area covered by the hygrome-

ter is small, and it is assumed that although the stomates close, the

tissue water potential is adequately reflected (8).

This study investigated the validity of using a pressure

chamber to measure water potentials of rose leaves and shoots, com-

pared the water potentials of rose leaves determined with jg_situ
 

hygrometers and a pressure chamber, and developed procedures for 1Q

situ hygrometer measurement of water potential of cut rose leaves

and petals.

Materials and Methods

Plant Material
 

Rosa hybrida L. cvs. Golden Have and Samantha were grown in

the Michigan State University Plant Science Greenhouses under stand-

ard cultural practices (l4). Roses were harvested between 0800 and

1000 hrs, placed directly in opaque plastic bags, and stored at

3i>O.5°C until the following morning. This treatment prevented the
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roses from developing bent necks (13). Roses were graded for uni-

formity and stripped of all leaves except the first five leaflet

leaf from the flower. The stems were recut under 18 megohm water

to a length of 40 cm and held in continuous light of 300 uE (GE cool

white flourescent bulbs and 75 watt incandescent bulbs) at 23:1°C

at a relative humidity of 50:5%. Vase life was considered terminated

when the rose petals were no longer turgid and felt limp to the

touch.

Pressure Chamber Technique
 

PC determinations were made using a chamber similar to that

of Scholander et a1. (19). The bottom of the chamber was covered

with moist cheesecloth to minimize water loss by the tissue. Hhen

only leaves were tested, a small plastic bag filled with more moist

cheesecloth was attached to the top of the PC to decrease volume to

which water could be lost by the leaf. Rose shoots were cut with a

razor blade to 35 cm from the receptacle immediately prior to pres-

surization. Any cut surface where leaves or flowers had been removed

was covered with petroleum jelly to prevent the entry of gas during

pressurization. Pressure was applied slowly and the first appearance

of xylem sap was considered the end point. PC measurements were

taken the same time each day.

Repeated Pressure Chamber

Measurements

To verify that repeated PC measurements of the same shoot

were destructive, five shoots of each cultivar were tested. A rose
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shoot consisted of the stem, the first five leaflet leaf from the

flower, and the flower. The water potential of each shoot was

determined with the PC 24 hrs after harvest. After the PC measure-

ment, the stems were recut under water and held in continuous light.

The same flowers were pressurized daily until each senesced.

Pressure Chamber Measurement

of Different Plant Parts

The influence of leaves and flowers on PC water potential

measurements of rose shoots was examined. Rose shoots comprised of

the stem, the first five leaflet leaf, and the flower were held under

the previously described conditions. Daily, some of the rose shoots

were pressurized,after which the rose shoots were discarded. Thus,

each measurement for a particular combination of flower parts and

length of time from cutting was taken on a shoot which had never

been pressurized. PC measurements were made on the following combina-

tion of plant parts: stem; stem and first five leaflet leaf; stem

and flower; stem, flower, and leaf; and leaf. Plant parts were

excised immediately prior to pressurization and the nonessential cut

surfaces covered with petroleum jelly. Measurement of each shoot was

taken daily for 11 days after harvest. Measurements continued on

shoots with senesced flowers. Four shoots were tested for each plant

part combination each day after cutting.

19 Situ Hygrometer Technique

All hygrometer measurements were made using L-51 leaf hygrome-

ters (Hescor, Inc.) on a HR-33T Dew Point Microvoltmeter (Hescor, Inc.).
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Readings were taken using the dew point mode (17). The hygrometers

were calibrated with NaCl solutions of known water potential, and

the cooling coefficient values were corrected for temperature at

each reading (17).

The surface of the leaf and petal had to be abraded before

the hygrometers would reflect true changes in the internal water

status of the tissue. The cuticle was abraded with a cotton swab

moistened in a solution of 2% Tween 80 in water, then dipped in 600

grit carborundum. The tissue was gently rubbed in a circular motion

with this mixture and washed with deionized water. The tap surface

of 'Golden Have' leaves were rubbed 10 times versus 7 times for

'Samantha' leaves due to the heavier cuticle on 'Golden Have'. The

lower surface of the petals of both cultivars was rubbed 4 times.

Hygrometers were sealed with petroleum jelly to the upper surface

of the terminal leaflet of the first five leaflet leaf or to an outer

petal over the abraded portion. The hygrometers were equilibrated

for 24 hrs before the first measurement was taken.

One reading was taken daily at a fixed time on any given leaf

or petal. Readings were taken for 11 days after harvest with the

exception of 'Golden Have' petals which often had water potentials

too negative to be measured 2-3 days after flower sensecence. Dew

point readings were discontinued at that time. Hygrometers were

removed from the petals or leaves every 4-5 days for cleaning. Clean-

ing consisted of steaming the thermocouple junction with water vapor

for 20 min, then drying with air. The hygrometers were reattached to
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newly abraded sections of leaves and petals in positions immediately

adjacent to their previous locations. At no time did the leaves

appear yellow nor did the petals exhibit cork formation under the

hygrometers after 4-5 days.

Comparison of Techniques
 

PT readings were taken on a 'Samantha' leaf after which the

leaf was excised and a PC measurement was taken. This was repeated

on 'Samantha' leaves with varying water potentials by removal of the

stem from water for varying periods of time or using different aged

stems with different water potentials.

Evaluation of Abrasion Damage

to the Cuticle

 

 

The extent and nature of the damage to the leaf and petal

cuticles by abrasion were determined with a scanning electron micro-

scope (Joel JSM-35C). Leaf and petal samples from both cultivars

were abraded in the manner described above, immediately quench frozen

in liquid nitrogen and freeze dried for two days. The tissue was

sputter-coated with a layer of gold 75-100nm thick, mounted, and

examined in the microscope. Abraded sections were compared to

adjacent nonabraded portions of the same leaf or petal.

Results and Discussion

Repeated pressurization of the same shoot significantly

shortened the vase life of both 'Golden Have' and 'Samantha' flowers

(Table 1). Almost all shoots measured repeatedly exhibited neck
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TABLE 1. Vase life of flower shoots with a stem, leaf, and flower

after daily pressure chamber measurements taken on same

shoot, and vase life of roses never pressurized.

 

 

 

Vase Life

Cultivar Consecutive No

Measurements Measurements

(days) (dayS)

'Golden Have' 2.4 4.1

'Samantha' 3.0 8.3
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bending or loss of turgor in the peduncle. In all PT experiments

during which hundreds of roses were measured, not one rose exhibited

bent neck. In addition, the water potential of roses repeatedly

pressurized became much lower (drier) at a faster rate than the water

potential of roses pressurized only once. These data reinforce the

conclusion that the PC is a destructive technique for measuring water

potential, and thereby necessitates a large amount of plant material

if water potential changes are to be examined over time.

The results of PC measurements on different combinations of

plant parts are given in Figures 1 and 2. The vase life of 'Golden

Have' flowers was 4.1 days while the vase life of 'Samantha' flowers

was 8.3 days. (Table 1). PC measurements were taken on both culti-

vars after their respective vase lives had been reached. Since the

determination of vase life was based on loss of petal turgor, measure-

ments of the stem plus flower and stem plus leaf plus flower poten-

tials may be influenced by the senescent flower after the end of

vase life. Leaves of both cultivars appeared viable through 11 days.

The influence of the stem on'water potential can be seen by

comparing the leaf water potentials to the stem plus leaf water poten-

tial for both cultivars (Figures 1C,E and 2C,E). The leaf water poten-

tial is much lower (drier) than the stem plus leaf potential. In

both cultivars, the stem plus leaf potentials closely follow the

curves for the stem potentials (Figures 1C,D and 20,0). This is in

agreement with Meiri et a1. (15) who concluded that the PC measures

the highest water potential in the system, not the average potential

of the tissues. The leaf appears to exert a small influence on the



Figure 1.

33

Hater potentials of 'Golden Have' cut rose shoots with

increasing time after harvest. Determined with a pres-

sure chamber. Arrows indicate end of vase life. Best

fit curves drawn through data points using spline

approximation. Each data point is the average of 4

measurements.

A. Stem, leaf, and flower on shoot.

8. Stem and flower on shoot. Leaf excised immediately

prior to pressurization.

C. Stem and leaf on shoot. Flower excised immediately

prior to pressurization.

0. Stem. FLower and leaf excised immediately prior to

pressurization.

E. Leaf. Leaf excised from rose shoot immediately

prior to pressurization.
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Hater potentials of 'Samantha' cut rose shoots with

increasing time after harvest. Determined with a

pressure chamber. Arrows indicate end of vase life.

Best fit curves drawn through data points using spline

approximation. Each data point is the average of 4

measurements.

A. Stem, leaf, and flower on shoot.

8. Stem and flower on shoot. Leaf excised immediately

prior to pressurization.

C. Stem and leaf on shoot. Flower excised immediately

prior to pressurization.

0. Stem. Flower and leaf excised immediately prior to

pressurization.

E. Leaf. Leaf excised from rose shoot immediately prior

to pressurization.
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stem water potential by lowering it slightly (less than -1.5 bars),

but the water potential of the stem and leaf reflects the stem poten-

tial much more than the leaf potential. It is also apparent from

Figures 1 and 2 that the high stem water potential produces a simi-

lar effect when the stem is attached to a flower or leaf and flower

until several days after the flower senesces. Thus,the PC has limited

usefulness when the water potentials of plant parts such as flowers

and petals, which are not readily detached from the stem, are to be

measured. Hhen whole shoot PC determinations are made, one can only

draw conclusions about changes in the stem water potential, not about

the total shoot potential.

The ifl.§i£! hygrometer technique has the obvious advantage

that leaf and petal potentials can be measured directly without the

complicating effects of other plant parts, and the same leaf or petal

can be monitored throughout the entire vase life. Hhen the tech-

nique was first applied to nonabraded rose petals and leaves, the

hygrometers did not reflect tissue potential changes. This was shown

by small differences in hygrometer readings between hygrometers

equilibrated over turgid tissues and readings taken on the same

tissue after water had been removed from the vase for a number of

hours. Often the leaf or petal was visibly flacid, yet the hygrometer

reading was the same as when the tissue was turgid. PC measurements

on leaves given identical treatment showed the water potential

decreasing significantly as time from water removal increased. The

data indicated the cuticle was preventing vapor equilibration between

the internal water of the leaf or petal and the hygrometer.
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Cuticles were abraded with the carborundum-surfactant mix-

ture, and the minimum amount of abrasion needed to ensure equilibra-

tion was determined. Hith abrasion, water potential changes with

dehydration were reflected by the PT, and the leaf potential changes

closely paralleled changes measured with the PC (Figure 3). It was

of concern that the abrasion process did not damage epidermal cells

and disrupt cellular water relations. A scanning electron micro-

scope was used to determine the effect of abrasion on the leaf and

petal surfaces.

The irregular wax distribution on the upper surface of a

'Golden Have' leaf (Figure 4A) is in contrast to the smooth surface

of an abraded portion of the same leaf (Figure 4B). The remnants

of irregularities in the surface waxes can be seen in the upper

right corner of Figure 4B. The rest of Figure 4B shows smoothing

or removal of cuticular waxes from the surface of the epidermal cells.

On smooth areas, it is impossible to determine if the surface waxes

have been entirely removed, or if heat of friction during abrasion

melted or deformed the waxes and eliminated the irregular wax dis-

tribution. If melting occurred, the result would be a more uniform,

thinner coating of wax on the cell surfaces. Figure 4C demonstrates

that surface waxes are physically moved by abrasion, that a smooth

epidermal surface underlies the waxes, and that the movement of the

waxes does not damage the cells.

Scanning electron micrographs of 'Samantha' leaves (Figure

5A,B,C) provide evidence for both wax movement and wax melting.



Figure 3.
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Comparison 0f.ip situ hygrometer water potential with

the pressure chamber potential for 'Samantha' rose

leaves. Pressure chamber values were not corrected

for xylem sap potential. r = .9449. Slashed line

represents equipotential values.
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Figure 4. Scanning electron micrographs of freeze dried 'Golden

Have' rose leaf, top surface.

A.

B.

C.

Nonabraded surface, X2400. Bar equals 100.

Abraded surface, X2400. Bar equals 100.

Cuticular wax movement and distortion due to

abrasion, X240. Bar equals 100p.
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Figure 5. Scanning electron micrographs of freeze dried 'Samantha

rose leaf, t0p surface.

A. Nonabraded surface, X240. Bar equals 1000.

B. Cuticular wax removal and displacement due to

abrasion, X240. Bar equals 100p.

C. Melted or deformed cuticular wax on abraded leaf,

X2400. Bar equals 10p.
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Figure 5A shows the regular surface of nonabraded 'Samantha' leaves.

Abrasion resulted h1removal and displacement of the thin layer of

surface waxes (Figure 58). Again, the underlying cells appear

undamaged by abrasion. Good evidence for abrasion creating enough

heat of friction to melt or deform surface waxes appears in Figure

SC. The wax appears to have melted and to have continuity with the

remaining cuticlar waxes. Note that some of the original wax

deposition in the lower right corner remains undisturbed, which is

further support for the nondestructiveness of the technique to epi-

dermal cells.

Originally, the upper surface of the rose petals was abraded

in preparation for the hygrometers. However, after viewing the

cellular collapse caused by abrasion (Figures 6A,B) the smoother lower

petal surface was abraded and examined. The lower petal surface of

'Golden Have' and 'Samantha' showed no evidence of cellular disrup-

tion by abrasion (Figures 78,88,90).

Note the smoother,m0re even appearance in the surface waxes

of an abraded 'Golden Have' petal in Figure 78 compared to the same

petal in a nonabraded section (Figure 7B). The waxes appeared to

have been melted or deformed by abrasion. Figure 8A illustrates the

general lower surface morphology of a nonabraded 'Golden Have' petal.

Figure 88 from the same petal shows the same general wax structure,

but it also shows a portion which appears to be melted, and an accu-

mulation of wax. "Melted" sections and wax accumulations of the

type in Figure 88 were not found on nonabraded petals.



46

Figure 6. Scanning electron micrographs of freeze dried rose

petals, top surface.

A. Cellular collapse due to gentle abrasion of

'Golden Have' petal, XlOOO. Bar equals 100.

8. Cellular collapse due to gentle abrasion of

'Samantha' petal, X1000. Bar equals 100.
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Figure 7. Scanning electron micrographs of freeze dried 'Golden

Have' rose petal, lower surface.

A. Nonabraded surface, X600. Bar equals 10.

B. "Melted" cuticular waxes due to abrasion,

X600. Bar equals lu.
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Figure 8. Scanning electron micrographs of freeze dried 'Golden

Have' rose petal, lower surface.

A. Nonabraded surface, X480. Bar equals 100.

B. Localized melting due to abrasion, X480.

Bar equals 100.
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Abrasion of 'Samantha' petals produced similar effects.

Figure 9A shows cuticular waxes on a nonabraded lower petal surface,

and Figure 9B shows cuticular waxes from an abraded portion of the

same petal. Some melting of wax due to abrasion can be postulated

from the continuous extensions on the wax surface of Figure 9B.

The underlying wax seems to be essentially undisturbed by abrasion

in this case. Figure 9C illustrates accumulated wax whose lower

periphery appears to be melted onto the surface wax. The particle

in the center also seems to be embedded in melted wax. The particle

in Figure 9D is clearly embedded in melted wax (right side) while the

underlying surface is undisturbed.

Gentle abrasion of the upper leaf surface and lower petal

surface of 'Golden Have' and 'Samantha' roses appeared to do little

damage to epidermal cells, while thinning cuticular waxes sufficiently

to allow vapor equibration with hygrometers. Abrasion of both leaves

and petals appears to thin the cuticular waxes in two ways. First,

surface waxes may be moved on the epidermal surface, exposing epi-

dermal cells without cuticular waxes in some areas, and secondly,

abrasion appears to thin the waxes by melting or defbrming them,

causing a more even wax distribution. The occasional holes in the

melted wax provide additional pathways for vapor movement.

The PC and PT gave similar results when used on the same

leaves (Figure 3). The PC measured lower water potentials than the

leaf hygrometer until -11.5 bars was reached. At water potentials

lower than -11.5 bars, the hygrometers measured water potentials
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Figure 9. Scanning electron micrographs of freeze dried 'Samantha'

rose petal, lower surface.

A.

B.

Nonabraded surface, X6000. Bar equals 10.

Cuticular wax melting or deformation and redistribu-

tion due to abrasion, X6000. Bar equals 10.

Cuticular wax redistribution, X480. Bar equals 10p.

Particle embedded in melted wax on abraded surface,

X3000. Bar equals 100.
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lower than the pressure chamber. At the higher potentials, the dif-

ference between the two techniques was a maximum of -l.5 bars, and

at the lower potentials, the difference was a maximum of -l.O bar.

Similar agreement between PC and PT was found by Baughn and Tanner

(6) using 5 herbaceous species. The similarity between two approaches

for measuring water potential, which contain entirely different

sources of error, leads to the conclusion that both techniques ade-

quately measure leaf potentials.

Additional evidence that the two techniques are monitoring

the same potentials is seen in Table 2. Leaf water potentials of

'Golden Have' and 'Samantha' were determined independently using the

PC and the PT. The water potentials of the leaves using the two

methods were very similar and were not statistically significant at

the 10% level.

From the comparisons of the PC with the PT, it was concluded

that the hygrometers adequately reflected changes in the water status

of cut rose leaves. Hygrometers were then used to monitor the changes

in water status of outer rose petals concurrent with the monitoring

of leaf water changes (11, Section II). Differences between the water

potentials of leaves and petals were clearly seen, as were marked

differences between the water potentials of the petals of the two

cultivars. Differences in petal potentials were suspected based on

the cultivars' vase lives, and the hygrometers confirmed the exis-

tence of differences. Thus, the jp_§jtp_hygrometers can be used

successfully on both leaves and petals of cut roses.
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TABLE 2. Hater potential of rose leaves determined with pressure

chamber and la situ dew point hygrometers. Different

leaves were used for each pressure chamber measurement.

The same four leaves were used for dew point measure-

ments. Pressure chamber and hygrometer determinations

were not significantly different at the 10% level.

 

 

 

Time after Hater Potential (-bars)x

Cultivar Harvest

(Days) Pressure Chamber Hygrometer

'Golden Have' 1 2.9 1.2

5 12.2 12.6

10 14.5 14.7

'Samantha' l 3.9 3.4

5 7.2 10.1

10 12.7 11.5

 

xAverage of 4 water potential determinations.
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This study has shown that the PC technique adequately reflects

the water potentials of rose leaves, but only reflects stem xylem

potentials when used to evaluate water potential changes of leaves

or flowers attached to the stem. Ip_§itp hygrometers used in the

dew point mode also reflect internal water changes of rose leaves

and petals. Abrasion of the cuticle of leaves and petals appears to

melt or deform and redistribute cuticular waxes with little damage

to underlying cells.



LITERATURE CITED

58



10.

11.

LITERATURE CITED

Aarts, J. F. T. 1957. Over de houdbaarheid van snijbloemen

(On the keepability of cut flowers). Meded. Landbouw.

Hageningen 57:1-62.

Barrs, H. D. 1965. Comparison of water potentials in leaves

as measured by two types of thermocouple psychrometer. Aust.

J. Biol. Sci. 18:36-52.
 

. 1968. Determination of water deficits in plant

tissues. p. 235-368. In T. T. Koslowski (ed.) Hater deficits

and plant growth V01. 1. Academic Press, New York.

and P. J. Kramer. 1969. Hater potential increase in

sliced leaf tissue as a cause of error in vapor phase determina-

tions of water potential. Plant Physiol. 44:959-964.
 

Baughn, J. H. and C. B. Tanner. 1976. Excision effects on leaf

water potential of five herbaceous Species. Crop Sci. 16:184-

190.

. 1976. Leaf water potential. comparison of pressure

cfiamber and in situ hygrometer on five herbaceous species.

Crop Sci 16:181-184.

Boyer, J. S. 1967. Leaf water potentials measured with a

pressure chamber. Plant Physiol. 42:133-137.
 

1969. Measurement of the water status of plants.

——Ann.Rev: Plant Physiol. 20:351-364.

Burdett, A. N. 1970. The cause of bent neck in cut roses.

J. Amer. Soc. Hort. Sci. 95:427-431.

Campbell, G. S. and M. D. Campbell. 1974. Evaluation of a

thermocouple hygrometer for measuring leaf water potential

jfl_situ. Agron. J. 66:24-27.

Donnell, M. L. 1981. Hater relations in cut roses (Rosa hybrida

L.) measured with in situ hygrometer and pressure chamber.

M. S. Thesis, Michigan—State University, East Lansing, Michigan.

59



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

6O

Duniway, J. M. 1971. Comparison of pressure chamber and

thermocouple psychrometer determinations of leaf water status

in tomato. Plant Physiol. 48:106-107.
 

Johnson, H. S. 1979. Physiology of cut 'Forever Yours' roses

given supplemental lighting during and after greenhouse pro-

duction. Ph.D. dissertation, Michigan State University, East

Lansing, Michigan.

Mastalerz, J. H. and R. H. Langhans (eds.). 1969. Roses.

Penn. Flower Growers, N. Y. State Flower Growers Assoc. Inc.

and Roses Inc.

Meiri, A., Z. Plaut and D. Shimshi. 1975. The use of the

pressure chamber technique for measurement of the water poten-

tial of transpiring plant organs. Physiol. Plant. 35:72-76.
 

Nelsen, C. E., G. R. Safir, and A. 0. Hanson. 1978. Hater

potential in excised leaf tissue. Plant Physiol. 61:131-133.
 

Neumann, H. H., and G. H. Thurtell. 1972. A Peltier cooled

thermocouple dewpoint hygrometer f0r‘jg_situ measurement of

water potentials. p. 103-112. In R. H. Brown and B. P. Van

Haveren (ed.) Psychrometry in water relations research.

Utah Agr. Exp. Sta., Logan.

Rogers, M. N. 1973. A historical and critical review of post-

harvest physiology research on cut flowers. HortScience 8:

189-194.

Scholander, P. F., H. T. Hammel, E. A. Hemmingsen and E. D.

Bradstreet. 1964. Hydrostatic pressure and osmotic potential

in leaves of mangroves and some other plants. Proc. Nat. Acad.

Sci, 52:119-125.

Spanner, D. C. 1951. The Peltier effect and its use in the

measurement of suction pressure. J. Exp. Bot. 2:145-168.

Van Haveren, B. P. and R. H. Brown. 1972. The properties and

behavior of water in the soil-plant-atmosphere continuum.

p. 1-27. In R. H.Br0wn and P. B. Van Haveren (ed.) Psychrometry

in water relations research. Utah Agr. Exp. Sta., Logan.



SECTION II

HATER RELATIONS IN 'SAMANTHA' AND

'GOLDEN HAVE' CUT ROSES

61



HATER RELATIONS OF 'SAMANTHA' AND

'GOLDEN HAVE' CUT ROSES

Mary L. Donnell and H. Paul Rasmussen

Michigan State University, East Lansing

Abstract. Short-lived 'Golden Have' (4 days) and long-lived

'Samantha' (8 days) cut roses senesced when fresh weight declined

below initial weight. Due to 81% greater leaf areas 'Golden Have'

leaves lost more water per day despite more tightly closed stomates.

Hydraulic conductivities of both cultivars decreased with time, but

'Golden Have' had slightly more resistance to water flow than

;Samantha' resulting in a larger water deficit in 'Golden Have'

owers.

Leaf and petal water potentials in both cultivars declined with time

from cutting. 'Golden Have' petal potential declined more rapidly

than 'Samantha'. At senescence, 'Samantha' petals had a lower water

potential, indicating different mechanisms in the cultivars for main-

tianing turgor. Petal potentials were higher than leaf potentials

until senescence. Leaf potentials in both cultivars declined at a

similar rate and then plateaued. The differences in vase life between

cultivars appeared due to the larger water deficit of cut 'Golden

Have' flowers.

The water balance of cut roses is a primary factor determin-

ing flower longevity (1,2,16). An increase in stem resistance to

water flow in cut roses has been reported (2,5,6). Micro-organisms

(1,10), gum formation (10,15), and unknown physiological processes

(5,6) have been postulated to increase stem resistance. Increased

resistance to water flow reduces water uptake in response to trans-

pirational water losses, and induces water stress in the cut rose.

Hater stress has been associated with hormonal changes (7,11), pro-

tein degradation (7,11,14) and decreased cellular RNA levels (7,11,14).

These factors may be associated with rose senescence.
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Hater potential is a measure of the energy status of water

and has been used to quantify physiological responses to water stress.

Hater energy status can have a direct influence on cellular processes

(7). Different species and cultivars respond differently to water

deficits (8,17). Some stress resistant species such as sorghum

undergo an active lowering of osmotic potential in response to water

stress which lowers tissue water potential (8). Other species such

as corn have rigid cell walls which cause low potentials to be

reached in response to small water losses (17). Thus, mechanisms

exist in plants to adjust cellular water potentials for more favor-

able competition for available water.

The objective of this investigation was to study the water

potential changes of rose petals and leaves of a short-lived and a

long-lived rose cultivar in relation to water uptake, loss, and con-

ductivity during senescence. Ip_§jtg_dew point hygrometers were

used to monitor water potential of the same cut roses throughout

senescence .

Materials and Methods

Plant Material

Plant material, cultural practices, harvesting procedures,

and postharvest conditions were as described previously (4, Sec-

tion I). Vase life was considered terminated when the rose petals

were no longer turgid and felt limp to the touch.
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Hater Uptake and Loss
 

'Golden Have' and 'Samantha' flowers were placed singly in

sterilized tubes with 18 megohm water and the tubes sealed with

parafilm to prevent evaporation. The weight of the tube, water, and

flower was taken daily as well as the weight of the tube and water.

Hater uptake was determined by subtracting the weight of the tube

and water from a similar determination the previous day. Daily water

loss was determined by subtracting the weight of the tube, water, and

flower from a similar determination the previous day. Hater loss

should approximate transpiration (13). Daily fresh weight of the

flower was obtained by subtracting the weight of the tube and water

from the weight of the tube, water, and flower. Hater uptake, loss,

and flower fresh weight were determined on 6 flowers of each cultivar

with 2 replications for a total of 12 flowers.

Diffusive Resistance

The diffusive resistance of the terminal leaflet of the first

five leaflet leaf was measured daily with a diffusive resistance

meter (Li-cor Lamda Model LI-60). The resistance to vapor diffusion

was timed and corrected for temperature differences from 25°C. Cali-

bration curves were determined using a calibration plate with known

diffusive resistances (9). Diffusive resistance was taken for 11

days after the flowers were brought to the laboratory. Six flowers

per cultivar were used in each of 2 replications.“
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Leaf Area and Stomatal Density
 

The average leaf area was determined using 13 first five

leaflet leaves from the flower of each cultivar. The leaves were

Xeroxed and the copy cut out and weighed to determine leaf area.

Stomatal densities and lengths were determined on the lower

surface of 'Golden Have' and 'Samantha' leaves with a microprobe

(Applied Research Laboratories) using the secondary electron detector.

Samples were quench frozen in liquid nitrogen, freeze dried, sputter-

coated with gold (75-100nm thick), and observed in the microprobe.

Hydraulic Conductivity

Hydraulic conductivity of cut roses was calculated in the

manner of van den Honert (18). Hydraulic conductivity is the recipro-

cal of hydraulic resistance which is calculated as follows under

steady-state conditions:

T = -(1eaf-soil)

rp

where

T = transpiration rate

leaf, soil = water potential of leaf and soil, respectively

rp = plant hydraulic resistance

Hydraulic conductivity (Lp) then becomes:

L =-—————I——-

p leaf-soil
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Transpiration was calculated as:

T = water loss/unit time

leaf area

Leaf water potential values were the average of leaf poten-

tials determined with a pressure chamber and leaf hygrometers as

the two techniques did not give significantly different results (4,

Section 1). Soil water potential corresponds to the potential of the

vase water which was assumed to be 0.0 bars since 18 megohm water

was used. The roses were determined to be under steady state trans-

pirational conditions when transpiration and water potential were

measured.

Hater Potential

Hater potential was determined on 'Golden Have‘ and 'Samantha'

outer petals by lg situ dew point hygrometers and on terminal leaf-

lets of first five leaflet leaves by jg sjtp_dew point hygrometers

and a pressure chamber. Both techniques were used as previously

described (4, Section I).

Results

Hater Uptake and Loss

'Golden Have' and 'Samantha' had similar patterns of water

uptake and loss (Figures 1 and 2). Both cultivars had maximum water

uptake and losses on the second day on the laboratory bench. After

the second day, rates of water uptake and loss steadily decreased.

Hater loss exceeded uptake in both cultivars on the third day of
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Figure l. Hater uptake on a gram/day basis of 'Golden Have' and

'Samantha' rose flower shoots. Vase life 'Golden Have'

4.l days, 'Samantha' 8.4 days. Each data point is an

average of l2 measurements.
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Figure 2. Hater loss on a gram/day basis of 'Golden Have' and

'Samantha' rose flower shoots. Vase life 'Golden

Have' 4.l days, 'Samantha' 8.4 days. Each data point

is an average of l2 measurements.
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vase life and continued to exceed daily uptake for the duration of

vase life. 'Golden Have' flowers had slightly higher water losses

than 'Samantha' flowers throughout the experiments. 'Golden Have'

flowers lost more weight than 'Samantha' flowers on a day-to-day

basis after day 2 (Figure 3).

Diffusive Resistance
 

'Golden Have' and 'Samantha' leaves exhibited different dif-

fusive resistance patterns over time (Figure 4). The cultivar inter-

action with time in vase was significant at the 10% level. 'Golden

Have' leaves had higher diffusive resistance than 'Samantha' leaves

until day 6, after which 'Golden Have' resistance leveled off while

'Samantha' continued to increase. Diffusive resistance plotted

against leaf water potential (Figure 5) show 'Samantha' resistance

increased with decreasing water potential, while in 'Golden Have',

diffusive resistance increased until water potential reached -9.5

bars but did not increase further despite lower water potentials.

'Golden Have' resistance was higher than 'Samantha' at water poten-

tials higher (wetter) than -ll.0 bars. The stomates of both 'Golden

Have' and 'Samantha' closed in response to increasing water stress

during vase life.

Leaf Area

Leaf area and stomatal densities are given in Table l.

'Golden Have' leaves were 81% larger than 'Samantha' leaves. There

were more stomates per unit area on 'Golden Have' leaves, but they

were shorter than 'Samantha' stomates.
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Figure 3. Fresh weight of 'Golden Have' and 'Samantha' rose flower

shoots. Arrows indicate end of vase life, and slashed

line indicates initial fresh weight. Each data point

is an average of 12 measurements.
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Figure 4.
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Diffusive resistance of 'Golden Have' and 'Samantha'

rose terminal leaflets of the first five leaflet leaf

from the flower. Arrows indicate end of vase life.

Best fit curves drawn using spline approximation.

Each data point is an average of l2 measurements.
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Figure 5.
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Diffusive resistance of 'Golden Have' and 'Samantha'

rose terminal leaflets of the first five leaflet leaf

plotted against water potential of the first five

leaflet leaf. Hater potentials determined with pres-

sure chamber and in situ hygrometer (4). Best fit

curves drawn using spline approximation.
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Table l. Leaf area, number of stomates, and stomatal length of

'Golden Have' and 'Samantha' rose first five leaflet

 

 

leaves.

Leaf Area No. Stomates Stomatal

(cmz) per mm2 Length (0)

'Golden Have' l24.8 8l 20

'Samantha' 69.0 67 25
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Hydraulic Conductivity
 

The hydraulic conductivity of 'Golden Have' and 'Samantha'

flowers (Figure 6) decreased with time. The conductivity of 'Samantha'

was higher than 'Golden Have' at all times.

Hater Potential
 

Hater potential of cut rose leaves and petals decreased with

time after harvest (Figures 7A,B). 'Golden Have' and 'Samantha'

petal potentials were similar through day 3. Four days was the aver-

age vase life of 'Golden Have', and on day 4, 'Golden Have' petal

potential was lower (drier) than 'Samantha'. 'Samantha' flowers main-

tained a higher water potential one day longer than 'Golden Have',

and senesced at a lower potential.

Petals did not compete for available water as effectively

as leaves as water stress increased. 'Golden Have' had a larger

fresh weight decline than 'Samantha' by day 4, yet leaf potentials

were similar while 'Golden Have' petal potential declined more than

'Samantha' (Figures 7A,B). 'Samantha' petal potential decreased as

more fresh weight was lost, while leaf potential plateaued after 6

days (Figure 78) despite further fresh weight losses.

Leaf water potentials decreased with time in both cultivars.

Both began to plateau on day 6, but 'Golden Have' leaves were at a

lower potential than 'Samantha' leaves. This difference is consis-

tent with less water available in 'Golden Have' flowers. The dif-

ferences in potentials were significant at the 5% level.
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Figure 6. Calculated hydraulic conductivity of 'Golden Have' and

'Samantha' rose flower shoots. Arrows indicate end of

vase life.
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Figure 7.

82

Hater potential of rose leaves and petals determined

with jn_situ dew point hygrometers. Measurements were

taken on the same four flowers daily. Arrows indicate

end of vase life. Best fit curves drawn using spline

approximation.

A. 'Golden Have'.

B. 'Samantha'. Vase life was two days longer than

'Samantha' control flowers, because flowers with

no damage to the leaves or petals had to be selected

in order to use the hygrometers.
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Discussion

Short—lived ‘Golden Have' and long-lived 'Samantha' cut roses

undergo decreased hydraulic conductivities after harvest. The inabil-

ity to replace transpirational water loss causes changes in rose

water relations during senescence. Similar changes were seen in

both cultivars during senescence; however, the slightly larger water

loss (Figure 2) and hydraulic resistance (Figure 6) of 'Golden Have'

led to a more rapid development of fresh weight deficits and

decreased tissue water potentials.

Both cultivars appeared senesced when fresh weight dropped

below initial fresh weight (Figure 3). This agrees with earlier work

that roses senesce when fresh weight drops 5-l0% below the original

weight (3). Other researchers have found a similar correlation

between fresh weight maintenance and flower longevity (l,l2).

Stomatal closure minimized water loss as water stress

increased during the vase life of both cultivars. Thus, differences

in stomatal response were not the basis of differences in vase life.

Stomates of 'Golden Have' closed more tightly in response to a given

water potential than 'Samantha'. The increased diffusive resistance

of 'Golden Have‘ was offset by an 81% larger leaf area. As a result,

total water losses per flower were similar between cultivars.

As water stress increased, water potential decreased in

leaves and petals of both cultivars (Figure 7A,B). The roses

senesced at approximately the same leaf potentials. Leaf potentials

of both cultivars became relatively constant after 6 days due to
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essentially closed stomates (Figure 4) and a leveling off in hydraulic

conductivities (Figure 6). Before day 5 or 6, hydraulic conductivi-

ties decreased very dramatically, and the stomates were open, thereby

causing increasing water deficits and decreasing tissue water poten-

tials.

Hhen water was limiting in the cut roses, the petals did not

compete successfully with the leaves despite lower petal potential

than leaf potential in 'Samantha' one day prior to senescence.

Hydraulic conductivity calculations reflect the sum of the resis-

tances between the water supply and the leaf, and do not indicate

the magnitude of conductivities in the plant parts. It is possible

that conductivity to water flow decreased more in the vascular system

to the flower than to the leaf. There are no reports in the litera—

ture on receptacle conductivity changes in cut roses. Stem conduc-

tivity is known to decrease with time from harvest (2,5,6,l0,l3).

However, conductivity might be influenced by the location in the stem.

There are no conductivity studies reported in terms of differences

in hydraulic conductivity in stem segments between the water supply

and the leaf and segments between the leaf and the flower. Decreased

hydraulic conductivity due to tissue degeneration or gum formation

in the stem section immediately below the flower, receptable, or

petal tissues would result in decreased water flow to the petals.

Maintenance of cellular integrity in the stem, receptacle, or petal

may be genetically controlled.

'Samantha' petals senesced at lower water potentials than

'Golden Have'. 'Samantha' petals may maintain turgor at a lower
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water potential than ‘Golden Have' through accumulation of solutes

which lowers the osmotic potential causing an increase in the water

potential gradient between the vase water and the petal while still

maintaining the same turgor. Since water in plant systems flows

from high water potential to low water potential, an increase in

potential gradient would make the petal more competitive for available

water. Differences in the cell wall elasticity of 'Golden Have' and

'Samantha' petals could exist which would influence the magnitude of

turgor pressure and the water potential change as water is lost from

a cell.

The difference in vase life between cut 'Golden Have' and

'Samantha' roses seems to be based on maintenance of a positive

water balance. Both cultivars senesced when fresh weight declined

below the initial fresh weight, but 'Golden Have' flowers declined

to that level in 4 days versus 8 days for 'Samantha'. Lower hydraulic

conductivity of 'Golden Have' contributed to the development of a

water deficit. The water potential of petals and leaves declined

with time in vase, with 'Golden Have' petals senescing at a higher

potential than 'Samantha' petals. Petal potential in both cultivars

was higher than leaf potential until the petals began to senesce.

Increased hydraulic resistance to water flow to the petals is postu-

lated as a contributing reason for petal water deficit.
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APPENDIX

A PRACTICAL GUIDE TO THE USE OF IN SITU

DEH POINT HYGROMETERS

This guideline was written due to the paucity of practical

information on the use of jfl_§jtu_dew point hygrometers. It was

intended to help the researcher with no experience with hygrometers,

specifically leaf hygrometers. The care and use of L-Sl leaf hygro-

meters and HR-33T microvoltmeters (Hescor, Inc.) will be elaborated.

This is a supplmenet for the HR-33T instruction manual (l), and is

not a replacement for it. The theory of dew point water potential

measurements may be found in the manual (1).

RV Determination

Follow the procedure in manual (l) for determining the cool-

ing coefficient (nv) of each hygrometer. Note the temperature of

which Hv is determined. Correct Hv for operational temperatures

which deviate from the temperature at which “V was determined. Use

the following formula (l) to correct NV.
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H at T1 = 0.7 uvolts (Tl-To) + fly at T0
v

where

To = temperature used for RV measurement

T1 = new temperature

Hv should be corrected for temperature at every reading.

Dew Point Measurement

To obtain hygrometer readings with the dew point mode, the

following procedure should be followed:

l. Connect hygrometer to microvoltmeter.

2. Determine temperature at thermocouple junction. Use

either temperature detector of hygrometer or an external thermometer

close to hygrometer.

3. Correct Hv for temperature deviations from the tempera-

ture at which nv was determined.

4. Set corrected “v on microvoltmeter.

5. Check for thermal gradients by switching between input

short and read. Proceed with measurements if the readings do not

differ by more than 3 uvolts, as excessive thermal gradients are not

present.

6. Set range switch to the anticipated range.

7. Adjust meter reading to zero with zero offset control

with function switch in read position.

8. Rotate function switch to cool to condense water on the

thermocouple junction. Ten second cooling is long enough for water
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potential in the range of 0 to -20 bars. Use longer cooling times

for drier samples. Use same cooling time for measurements in a given

water potential range, including calibration measurements.

9. Rotate function switch to dew point. Observe deflection

of the meter needle (junction is warming) until a constant uvolt read-

ing is reached (the junction is at the dew point temperature).

l0. Convert the number of microvolts produced at the dew

point temperature to water potential by referencing a calibra-

tion curve (uvolts plotted against water potentials of standard solu-

tions, see Calibration section).

ll. A strip chart recorder can be used to monitor dew point

temperature deflections. A sample trace of a dew point measurement

is shown hiFigure l. The number of uvolts at the plateau reflects

the temperature of the junction at the dew point and is directly pro-

portional to the water potential of a sample or solution.

l2. As the water potential of a sample becomes more nega-

tive (drier) the dew point will be lower. More uvolts reflect a

lower thermocouple junction temperature.

l3. Do not take measurements with the same hygrometer more

frequently than once every 45 min. The water condensed on the thermo-

couple junction during the cooling cycle must evaporate from the

junction before another measurement can be taken.
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Figure l. Output of dew point mode on strip chart recorder (l).
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Calibration

L-5l leaf hygrometers can be calibrated by suspension in

solutions of known water potentials.

1. Lower hygrometer into a solution with known water poten-

tial at a 90° angle to the solution surface to ensure

trapping an air bubble around the thermocouple junction.

Equilibrate for l5-20 minutes.

Take dew point measurement.

Repeat using solutions of varying water potentials in the

range of interest. Take a number of measurements in

each solution.

Plot uvolts versus water potential to construct a cali-

bration curve for each hygrometer.

Cleaning

The cleanliness of the thermocouple junction is of utmost

importance. L-5l leaf hygrometers have no procedures to follow to

check for cleanliness. From practical experience, the L-5l hygrome-

ters need cleaning when the microvoltmeter needle continually drifts

toward zero after the cooling cycle with no plateau being reached

or plateaus at a much lower uvolt reading than is expected for the

tissue. An effective cleaning technique follows.

I. Boil deionized (or purer) water in a flask connected

with a hose to an empty flask with a pasteur pipette
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protruding through a rubber stopper in the top. (The

empty flask collects condensation from the steam.)

2. Clamp the dirty hygrometer to a ringstand with the

thermocouple junction directly above the tip of the

pipette. Take care not to touch the thermocouple

junction with the pipette.

3. Steam the hygrometer for 20 min and blow dry with dust-

free air.

4. Store clean hygrometers tightened onto clean filter

paper to prevent contamination.

Sample Preparation

Follow the steps enumerated below to prepare hygrometers and

plant tissue for in situ hygrometer measurements.

l. Clean thermocouple junction.

2. Hash tissue surface with water. Dry thoroughly.

3. Place a small bead of petroleum jelly on the hygrometer

where it will contact the tissue. 00 not touch thermocouple junction

with petroleum jelly.

4. Slide tissue into slit in hygrometer holder. Seal

hygrometer to tissue with gentle pressure and a rotating motion.

5. Take periodic readings on the tissue (approximately one

every 45 min). Equilibration between the tissue water potential and

the hygrometer is achieved when a number of consecutive measurements

are the same. Equilibration times differ between plant parts and

plant species.
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6. Determine if the cuticle is preventing vapor equilibration.

Artificially induce water stress by removing the water source from

the tissue. Monitor the water potential during dehydration. If

water potential does not decrease with increasing water stress, the

cuticle must be thinned. One can also compare water potential

changes in dehydrating tissues measured with hygrometers with another

method of water potential determination which is not dependent on

vapor loss through the cuticle for accuracy.

7. Thin cuticle if necessary using a cotton swab moistened

with 2% Tween 80 and water, dipped in 600 grit carborundum. Hold

tissue against one's hand and gently rub area to be placed under the

hygrometer in a circular motion with swab. Rinse abraded area with

water and dry well. Determine minimum amount of abrasion necessary

for vapor equilibration. Observe abraded area when hygrometer is

removed from tissue after a few days for signs of tissue degeneration.

Pencil erasers can also be used to abrade cuticles. The type of

tissue will determine which technique is preferable.

8. .Ig.§itu_hygrometers can be left on plant tissues for a

number of days. Preliminary studies should be conducted to determine

the length of time hygrometers can be left in place without causing

tissue degeneration. Hygrometers should be removed for cleaning

when the thermocouple junction is contaminated (see Cleaning section).
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