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Antitranspirants conserve water and maintain favorable plant water balances
by reducing stomatal apevtures, by forming a thin film over the leaves, or by
reflecting excesgsive radiation, Under normal conditions, reductions in both
transpiration and photesynthesis arve to he expeseted, but reduction in growth
does not always vccur, and need not alwavs he disadvantageous when it does.
Antitranspirants do not raise leaf temperature excessively, and are unot likely
to interfere greatly with mineral nutvition. They are likely to be most effec-
tive in reducing transpiration when other factors (boundary layer and stomatal
resistances) are not large. The effectiveness of an antitranspiraant also depends
on plant factors such as stomatal distribution and amount of new foliar growth,
and on spray factors such as degree of covsorage, concentration and amount of
gpray, and phytotoxicity.

Investigations on pogsible uses for antitranspirants included experiments
on: 1} reducing irrigation freguency and growth of highway oleanders;
2} reducing water requirement of turf grass; 3) growth, yvield and water use of
an annual field crop; 4) increasing survival of trensplants; 5) increasing vase
life of cut flowers and reducing water loss from bedding plants for shipment;
6) prolonging life of cui Christmas trees; 7} corveecting plant diserders associated
with watey balance, e.g., lettuce tip hurn, bean blossom drop, prune cracking,
and cherry cracking; 8) increasing water potential and fruit growth of orchard
trees, including olives, peaches and apricots,



INTROBUCTION

Objectives

1. Bvaluation of new antitranspirant wsterials (e.g., films, reflectants
and metabolic inhibiters) for phytotoricity and thelr effect on transpira-
tion, relative turgidity, leaf tewmpevaturs, net photosynthesis and growth.

2. Develop technigues for applyving satitranspirants and for evaluating the
completeness of their coverags on plant leaves, their stability and
specific effects on stomatal movemsnt.

3. Investigate the potential usefulness of variocus combinations of antitran~
spirant materials as a means of iacreasing the water-uge efficiency of
plantg under variocus envivommewntal conditions.

4. SBtudy special uses of antitranspirvants in agriculture, ornamental horti-
culture, and watershed managemant.

The first thrze objectives will be covered in Part I which deals with Basic
Investigations, and the fourth objective in Part II which deals with Applied
Investigations., The basic and preliminary work enables greater efficiency in
carrying out the applied experiments in the greenhouse and f£ield., The applied
experiments often bring up new problems which require investigation at the
lLaboratory level.

Re levance

Antitranspirants are chemlcels that reduce water loss from plants when
applied to their foliage, They are used to 1) save water by reducing transpira-
tion; 2) maintain a favorable plant wate balance by reducing lag between water
loss and uptake; and 3) possibly act az a physical barrier against injury by
pests, salt spray &nd swmog.

To accomodate an expanding population faced with diminishing resources,
man is challenged to szeek new approaches to managing his water supply and its
utilization. River diversions, dams, squeducts, and ever deeper wells have
typified man's approach to supplying water. However, man must now face the
reality that few suitable dam sites remain which can be developed without
seriously jeopardizing resources valued for other, egually important reasong.
Man must seek, for the fivsi time in this nation, solutions to water problems
which fully acknowledge that the resources customarily utilired are finite and
that the direct and indirect effects of water projects on the total environment
are important,

Plants compete with man for the world's finite water supply. Since 99% of
the water absorbed by most plants is lost directly to the atmosphere, plants
congtitute the least efficient step in the hydrologic cvcle of an irrvigated
region. This fact provides man with a challenge to seek new imaginative ways
to deal with water problems. Research dirvected toward the special uses and
application of antitranspirants represents a significant effort to meet this
challenge,



The mest obvious use of anticvanspivants is to congerve soll water and
increase plant water potential, Maintenance of a high water potential at specific
periods during the growth avele of a plant may be of special benefit to some
crops. Ewperiments indicate that antitranmspirants applied just prior to harvest
may aid in the fipal sizing of fvuit, such as peaches and olives. They may aid
in the survival of wvaluable plants in drought situations and the survival of
transnlanted seedlings. Ansitrvanspiveants alse have the porential to help contrel
growth, and dmprove the appearance and increase the vield and/or gquality of some
agricultural crops. In addition, filon-forming meterials may provide an effective
baryier against Insects, diseases, and ealtv snd smog injury.

The growing competition between urban expension and agriculture for favor-
able climate, land and water, forces agriculture to relocate into areas of less
suitable climate and limited water supplies, Controlling the water balance in
plants may allew some crops te he grown successfully in areas unfaveorable to
plants unless protected from excessive water loss, There are areas where there
is sufficient water to sustaln plaat growth for only & part of the growing
seagon, Here an antitrangpirant could possibly keep plants in a favorable water
balance until the water-stress period pasead, There ave areas where psYennial
plants can successfully survive once they become established. Often it is not
feagsible in such arsas o provide the irrvigation needed by the transplants until
their rooks can develop. This problem cccours on vasi arsas in reforestation
projects and in ornamental plantings such as along highways,

It is possible to visualize myriad specific problems where the selective
application of antitranspirants of the right form and duration may have substantial
benefit, An antitranspirant unsatisfactory in one situation might he the answer
to another, Therefore, the long range ocutlook 1s to foresee the development of
a wide variety of antitranspirant materials, each formulated for use in a particular
sltuation with a specific plant or crop.

Theory

There are three bread groups of antitranspirant sprays: 1) film-forming
materials; 2) stomata~closing chemicals and 3) reflecting materials,

Film-forming antitransnirents: These incliude materials such as waxes,
wax~01l emulsions, high alcchols, stlicones, plastics, and latexes., They are
sprayed as emulsions which dry on the foliage to form thin films., Tdeally,
these materials should be cheap, nonphytotoxie, resistant te breakdown and
transparent to esséntial wavelengths of light, and should not affect growth,
No known film materials, bhowever, have a CO:H0 ratic of more than one. This
would suggest that, although transpiration amd photesynthesils are both reduced,
photosynthesis is likely to be reduced wove. BSeveral experlments, however,
indicate that this is not the case.

Stomata-closing antitranspivanta:  Several chemicals which are capable of
reducing stomatal apertures have heen described by Dr. I, Zelitch of the
Comnecticut Agriculeural Experiment Station, The most promising seem to be
certain alkenylsuccinic scids and phenyinercuric acetate (PMA), The exact
mechanisms by which these chemicals affect stomatal guard cells are nor known,
It is thought, however, that they may alter the permeability of the guard cell
membranes, thereby making them more leaky to solutes. The solutes are required
to drive an osmotic pump to get water into the guard cells and thereby open




stomata, It is also possilt™e that an enervgy system {such as photophosphorylation),
which is reguired to enable the zotvive inteke of solutes, particularly potzssium
salts, is affected., A (R cueibiiicy is that PMA retards the photosynthetic
process, thereby causing a build-up of carbon dioxide in the intercellular spaces,

A
with counsequent stomatal closure,

»2

raflecting materials: Thase are ewmulsions of whirte materials, such as linme
or kaolinite which, after being sprayed on foliage, dry to form a coating with
high reflectivity. The increaszed leaf albede reduces leaf tempervature and the
vapor pressure gradient between the leaf and atmosphere, thereby lowering tran~
apiration rates., Ideally, these materials sheold be applied to the upper surfaces
of hypostomatous leaves so a2s not to plug stomata and decrease photosynthesis.

The mode of action of a reflecting antitvanspirant is quite different from
that of a stomata-clesing or Lilm~forming type. The former acts by reducing the
radiant energy necessary for transpiration and photosynthesis, while the latter
two types affect the resistances in the water vepor and carbon dioxide pathways
between the atmoapherse and the leaf, Therefore, the following generalizations
refer only to antitranspirants of the stomase~closing and fila~forming type.

Equations, based on Fick's Law of Diffusion for fluxes of water vapor (T)
and carbon dioxide (P} hetween the leaf and the atmosphere, and thelr modifica~

tion by the use of antitranspivants, arve given belovw:

Antitranspirant Transpiration : Photogynthesis
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The flux of water vapoy from a leaf {transpiration) is directly proportional
to the water~vapor concentration gradient betwsen the leaf and the atwmosphere
{4H~0), It is inversely porporticonal to the resistances in the water-vapor
pathway, namely, the resistance of the boundary layer (r;) and the epidermis (r,},
which includes a variable stomstal resistance (rg). Similarly, the vate of
photosynthesis is divectly proportional to the carbon dioxide gradient between
the atmosphere and Jleaf (ACD,) and inversely proportiomal to a boundary layer
reslstance (r,'}, and an epidermal resistance (rg'y, which dncludes the variable
stomatal resistance {rsf}, The C0; pathway also contains a mesophyll resistance
(r,') that represents the impedance to carben dioxide £lux between the substomatal
cavity and the chloroplasts. An increase in stomatal resistance {irg and Ars')

4

caused by a nenphytotoxic stomata~ciosing compound will curtail both transpiration
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and photosynthesis, However, photosynthesis vates will be veduced less than
transpiration rates, because of the large mesophyll resistance in the carbon
dioxide pathway, provided r," is not also dncreased by antitranspirant,

o
2ag

Tharefore, it should be possible to incryszase warver use efficiencles with

stomzta-closing antitranspirvants,

The respective resistances of a file aptitranspirant o water vapor ang to
carbon dlonide are represented by ¥y and re' din the equations. A decrease in
rate of water loss caused by a £ilm will, in a1l likelihood, increase the
turgidity of the leaf and hence that of che gusrd cells. Consequently, the
stomata may open further and theveby decrease stomatal resistance (-4 rg and
) rs’}. However, it Is unlikely that an externsl filw will change the mesophyll
resistance in any way. Thus, whether or not a Pilm-forming antitranspirant
increases water use efficiency will depend on the fmpermeability of the film to
carbon dioxide and water wvapor,

Therefore, under condifions condugive to stomatal opening, antitranspirants
are exnected to reduce photoesynthesis., However, by conserving water in the soil
and slant, aptitrapspirvants maintain turgidity of the follage and ensure high
plant water potentilals. Since high turgor ls necsgsary for cell expansion,
antitranspirants may be expected te increase growth under envirommental conditions
which would normally cause decreases in plant water potential.

While antitranspirants of the refiecting type cause a reduction in leaf
temperature, the film~-forming and stemata—-closiog types tend to increase leaf
temperature {(by curtailing transpiration rates and thereby reducing evaporative
cocling). The heat budget of a leaf (Q) can be enpressed by the following
equation:

{(Positive gigns indicate heat less by the leaf, and negative signs heat gain,
Under most day~time conditions, heat is being lost by the leall)

Re~radiation (R} is by far the most effective mesns of heat dissipation,
since heat loss by re~radiation is proportional to the fourth power of the tem-
perature of the leaf, Heat dissipation by conduction and convection (C) depends
on the difference between leaf and air temperature for conduction of heat, and
on wind speed for forced convection, Some hear is lost hy evaporative cooling
(LEY, and a small amount is used in the metabolic process of photosynthesis (M).
In windy condltions if an antitvanspivant rveduces LE, R and ¢ become more
important, and in nonwindy conditions R beecomes even more important as g means
of heat dissipation. Therafore, an antitranspirant can raise leaf temperatures
to lethal levels only 1f there is a drastic reduction in tvangpiration, an
intense radiation load, and an absance of gonvestion. Since such a combination
of conditions is rare, and since R and € gain in importance as dissipators of
heat when LE Is reduced, snititranspirants inorease leaf temperature but little.
The fact that avaporative cooling is net wvital to maintenance of nonlethal leaf
temperatures is illustrated by many xerophytic plants, which transpire at
extremely low rates undey high solar radiation but still survive,

Therse is still some conflict as to the relative iwportance of active and
pasalve mechanisme of don uptake and transport, but it is genevrally agreed that



transplration dees expedite ion transport in rhe plant. Over a long perviod,
however, slower transpirvation may have little effecy eon the uvltimate concentra-
tion of dous in the leaves, In any event, when rrangpiration is reduced, the
transpiration stream way possibly have a higher concentration of ions to coffset
the speed of thelr azrrival at the leaves. It is unlikely that the reducticn

in transpiration by antitranspirants will be large enough to be deleterious o
minersl nutrition, especially since aniitranspirant effects decrease with time,
¥hen transpiration vate is reduced naturally {e.g., by cloudy, humid weather),
a plant's mineral nuirition is act upset. The effect of an ant!transpirant on
mineral uptake is probably lesss important than its effect on veducing photo-
synthesis.,




GENFRAL COMMENTS ON EXPERIMENTAL PROCEDURES

Since the investigatiomwith antitranspirants have been numercus and varied,
specific procedures will be described as each experiment is reported. However,
general experimental procedures are ontlined below:

Antitranspirant application: Antitranspirant solutions or emulsions were
usually spraved on the plants., However, in some cases the plants were dipped
in the solutions, and in other cases the material was applied with a small paint
hrush,

Foliar coverage: Distribution of the spray on plant surfaces was found by
incorporating a f{luorescent dye in the antitranspirant and then looking at the
distribution of fluocrescence under ultra-violet light. More recently, micrographs
from a scanning electron microscope have been used to detect antitranspiraant
£1lm on plant surfaces,

Transpiration: This was usually assessed gravimetrically by taking weight
differencas of potted plants and expressing tyanspiration rates as water loss
per unit of leaf surface per unit of time. Transpivation rates of attached
leaves were measured in a leaf chember by monitoring water vapor content in the
aly stream using a differentizl psychromater,

Photosynthesis: Rates of photosynthesis were normally measured simultane-
ously with the differential psychrometer measurements for transpiration, Deple~
tion of CO, in the air stream after passing through the leaf chamber was monitored
by an Infra-red gas analyzer,

Resistance: Changes in leafl resiscance to diffusion of water vapor and
carbon dioxide could be calculated in the leaf chamber apparatus for measuring
transpiration and photesynthesis. Another instrument cslled a diffusion porometar
Ot rate hygrometer (inceorporating a humidity sensor and a thermistor)y could be
attached to leaves to determine diffusive resistance to water vapor leaving the
leaf.

Leaf temperature: This could be measuved using the thermistor bead in the
rate hygrometer described above., Measuremenis weve alse made in the leaf chamber
using 44 gauge copper constantan thermocouples and vecording the output on a

millivoelt recorder,

‘Stomatal aperture: Direct measurements were made microscopically on
epidermal peels from leaves, Indivect metheds involved use of an infiltration
technique and silicene rubber impressions of epidermal surfaces.

Water potential: An index of plant water potential was obtained by the
relative water content technique, i.e., the ratic of the leaf water content at
the time of sampling tc the water content when maximum turgidity is achieved
by floating on distilled water, Fressure potentisls were measurad by the pres-
sure bomb technique, Dendromater measurements of dav-time shrinkage of tree
trunks gave an index of the water balance of trees,

Growth: This was determined by measurements of yield, shoot elongation,
leaf avea, fruit size (using vermier calliperd, Radial expansion and contraction
of tree trunks were measured by Verner dendrometers {manually operated) and by
Fritz dendrographs (avtomatic recording).
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Sodl Mnisture: Change: in sell moisture were measured by gravimetric soil
sampling, gypsunm blocks, tensiometers, or a neutron molsture meter.

Location: Laboratory exparimenis were carried out 1) under a bank of quartz
ilodide and Gro-~lux fluorescent lights, or 2} in a growth chamber (70" long x 30V
wide by 40" high, inside dimensions) with light, temperature and humidity controls,
or 3) in a walk-in growth room with light and temperature control. Some experi-
ments were also carried out in polythene walled chambers located in a greenhouse,
These chambers had temperature and humidity control and their floors revolved,
thereby reducing positional variability, Most of the greenhouse experiments
involved pots on benches. & hesrer and evaporative contvoller gave some tem-
perature control, and whitewash on the glass roof reduced solar radiation in the
summer, Field experiments were carried out in the Univevsity experimental fields
or orchards at Davis, in University of California Fleld Research Stations, and
in various commercial orchards,
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BASIC TNV STIGATIONS ON ANTITRANSPIRANTS

Antitranspirant Materials
¥

A major objective of this project is the search fer new antitranspirant
materials., Since we are neither staffed nor equipped for the chemical develop-
ment of these materials, varicus chemical companies have been contacted to
encourage research and production of antitranspirants. Our function, therefore,
is to: 1) specify the desirabie properties of antitranspirants; 2} evaluate the
antitranspirants supplied by chemical companies; and 3) determine, through dis-
cusslons with personmel in vavious asgricultural and herticultural departments
and through experimental results, the petentizl uses for antitranspirants,
Desirable properties of an antiuranapirant include: 1) ease of application, e.g.,
as a spray emulsion; 2) low surface tension of the spray to enable geod wetting
of vegetatlve surfaces; 3) durabiliecy of the film under ouvtdoor conditions,
e.8., resistance to physical abrasiorn , breakdown by sunlight and high tempera-
tures, attack by microorganisms; 4) longevity of effect; {this could vary
depending on the purpose for which the antitranspirant is being used); 5) high
resistance to the passage of water vapor, but relatively low resistance te the
passage of carbon dioxide and oxygen which are necessary for growth; (manipula-
tion of the antitranspirant formulation te change the relative permeability of
these gases would make the antitranspirant more versatile); 6) elasticity to
enable the {ilm to stretch to some extent az the leaf surface expandsy 7) good
shelf life; B) inexpensive; 9) nontoxic to plants; 10) should leave no unsightly
residue or residue which wmay be toxic to animal life if applied to edible plant
parts,

A major undertaking was the initiation of correspondence to numerous
chemical companies all over the United %States to determine thelr iIntervest In the
development of anticranspirant materials. WMot only was a great deal of interest
shown, but we were surprized to learn of the numercus products which were already
being marketed as antitranspiraunts, chiefly to the nursery industry, This
enabled uvs to compile a list of commarct4lly available antitranspirants, indi-
cating their main ingredients, mode of wction and gource of availability. Copiles
of this list are available on request,

1

Samples of various experimental as wall as commercially available antitran-
spirants were requested, and evaluation tests on these materials will he described
later. S8Since facilities and time did not permit all of the basic and applied
investigations with antitranspirants te be carrisd out with each and every anti-
transpirant material, we confined most of cur investigation to one or two materials.
Therefore, much of the expevimental data with film-forming antitranspirants arve
from: 1) an experimental product (C8~-6432) from the Chevron Chemical Company,
Orthe Division, with whom we have been in close contact for several vears, and
2) a commercially available product {(Mchileaf) from the Mobil 01l Corporation,
which is being used for tobacco transplanting in the east,

Some investigations have alse been carvied out with stomata closing anti-
transpirants, namely phenylmercuric acetate (PMA) and certain alkenylsuccinic
acids. However, relatively litrtle experimental work was done with reflecting
materials, The reader is therefore referved to sarlier investigators in this
department by Aboukhaled.
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Application to Plant Poliap-

The effectivaness of an ant: &VPOHG not only on the waterial
itself, but alse on the methoed pplic 'jml. #valuation of application
methods was alded: 1} by the use or a rzte hygrowmeiey o determine resistance
to water vapor diffusion from the leaves and 2) hy incorporating a fluorescent
dye teo determine the effeccive distribution on the leaf surface, ({(The latter
technigue will he discuszed in more detail under coverage.)

In an experiment with beans (Phaseclus wulgaris) a comparison was made
between the following methods of appiication of the £ILim forming antitranspirant
CS~6432 (3%): 1) control (nothing applied); 23 fine spray (applied by aerosol
applicator); 3) coarse spray (applied by hand opeveted piston-sprayer}; 4) dip
(leaves briefly submerged in antitranspirant solution)., In one experiment the
plants were placed 1n the sun, and in another they were kept in a greenhouse,

In both cases, measurements were wade with the rate bhygrometer afrer the spray
had dried, TLQ results dndicated that the largest increase in Tesistance
occurred with the dip treatment, followed hy the fine spray, end then the coarse
spray {Table 1), Howeveyr, In all cases the effectiveness {(as indicated by
increased resistance) was incrsased by the antitranspirant.

(eble 1

Effect of method of application of the AT C8~£432 (3%) on diffusive rvesistance
from Phageslus wvulgaris leaves. Each valuse is the average of readings made near
the tip, middie and base of the lower surface of each leaf.

. s =1
Resistance {min cm )

Treatment .Eﬂmﬁiﬁ In Greanhouse
Control 0.07 0.14
1 9y |

~ vin 1.27 1.68

e

w m{Fine sprav 1.02 ' (. 80

[ =

[9p]

o P
{Coarse 1,34 0.26

The effectiveness of an antitranspivant is usually increagsed if it is applied
in two doses, rather than 2z single application. The filw antitranspirang, (5-6432
(3%), was applied on sugar beet (Beta vulgaris) leaves with a paint brush, as a
single or a double application. The second coating of the double application was
given as scon as the first one had dried, Inherent variability, which often
cccurs from leaf to leaf, was minimized by using half of a leaf for the treat-
ment and the other half of the same leaf for control, the midrib being the
dividing line between the two., Measuvemenis of resistance to water vapor dif-
fusion from the lewer surfaces of the leaves showed that the (5-543%2 was more
effective in increasing resistance when given 1o twe applications (6-fold

increase in resistance) than in one application (3-fold increase in resistance).
In table 2 the increased effectiveness was due to greater coverage and a thickex
film,




145,

% applications of the film-forming antitranspirant,
{C8~6432, 3%), on resistance o diffusion of water vapor from the lower surfaces
of sugar beet leaves. The midrib divided the contro) from the treated half of
sach leaf. (% A sscond coating was jiven after the fivst had dried.)

Effect of .C-tj.ng_]_e and

Single Applization i _ Double Application

Keglstance {(nin cm“il Resistance (min cmni)

CGengrol, C8/Contxel  Comgrel gs ©8/Control
TTUIET €5 3,61 A0 .87 §.70
.18 . 55 2,28 L3 1.07 8.23
L7 B4 3.18 s W55 3.93
11 D 45.09 .13 .69 3.31
A5 =50 3.33 . b .79 5.64
.13 .58 4.46 10 86 8.60
d4 L7 %64 L14 86 6.00
.18 Pl 728 L 15 60 4.00
.13 « 37 2.85 .17 .66 3.88

18 .41 2. 28 <38 .88 4,78
Ave. .155 487 3.200 L1538 . 779 5.907

In field experiments with almonds {to he described later) it was also found
that a double gpray of antitranspivant was more effective than a gingle spray in
reducing day-time shrinkage of the tree frunks.

Even though a lesf may be completely wetted by a film-forming antitranspirant
spray, a complete and uniform film is seldom formed because the hydrophobic leaf
surface  causes the liguid to tuneff or accuuvlate in patches, The environ-
mental conditions at the time of spravi g probably iufluence the completeness
of the film formed. TYests on bean leaves (FPhagzolus vulgaris) indicated that a
more effective fi'm (determined by measurements of diffusive resistance to water
vapor) could be formed by enhanecing the rare of drying of the spray. In this
experiment, the leaves wera dipped in C8-A432 (2%) emulsion. One group of
plants was lefi to drain and dryv on the greenhouse bench under relativaly cool
conditions, while another group was placed under the gresnhouse warm air blower.
The antitrapspirvant spray in the first group of plants dried in approximately
five minutes, Whurﬂq& ﬁhOaC uindar the b¢0wwr vTL“u in about one minute, The
plants were then tra arred to waiformly high chting conditlons in a growth
chamber whens reaa&ngs were made on the lower surfaces of the leaves with a rate
hyvgrometer. The resistance readings showed than an enhanced rate of drying of
the spray deubled the realtive affecrniveness of the angitranspirant £ilm
{(Table 3).
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”tih;c napivant, (S-6432 (3%), o

Effect of rate of drying ot the L]mﬂfarmiuy F
diffusive resistance to water vapor of Phaseolus vulgaris leaves, FEach value
is the average of 8 meas: ,mentaﬁ
. ; ~-1 . .
Reasistance (win cm ) Resistance Ratio
Rate of Drying Gontrol £5-6432 {C8~6432/Control)
Slow (approximately 5 min) 2019 045 2.4
Rapid (approximately 1 win) g4 118 5.0

Since stomatazl opening is dependent on light fntensity, the lighting con~
ditions at the time of antitranspirant spplication may have some bearing on its
effectiveness, Because a film forming antitranspirant works by forming & harrierx
on the surface of the leaf, it is unlikely that the degree of stomatal opening,
as affected by lighting condizions, would have any bearing on the subsequent
effectivenass of the film. Experimental data (to be reported later) indicate
that the stomata remain funcrional wndernearh the antitranspivant film, i.e.,
they are not glued in the open pesition if applied in the light, nor glued in
the closed position if applied in the dark, However, stomata~closing antitran-
spirants act biochemically on the guard cells to reduce stomatal aperture, so
that the degree of stomatal opening at the time of application may conceivably
have an affect on the subsequent effectiveness of the material. The stomata
closing antitrenspirant, PMA, was therafore applied to one group of sugar beet
leaves in the light and o ancther geoup in the dark, after allowing sufficilent
time for stomata to close in the latter case., Subsequent measurements in the
light with the rate hygrometer showed thar the PMA was effective in increasing
resistance whether the trediment was glven in the dark or in the I1dght. In
fact, the treatment in the davk appezred to be somewhat more effactive than that
in the light, though no ewplanation for this is coffered {Table 4).

B

Effect of PMA (150 ppwm) on resistance to diffusion on waver vapoy from sugar
beet leaves when tresated in the light {open stowmats) ov dark {closed stomata).
Each' value is bhased on three veplicates.

. , -1
Resistance {min em )

Treated in: Lisht . Dark
Date Control PHA Control Pua
1/17/69 .08 .13 07 18
1/18/69 09 .13 .09 +19

1/23/69 .11 .18 .09 .20
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nent in xhe dark is eifective in retarding
&xrci oy croscopic examination of epidermal
I woere floated for twe hours
in the dark on a eolution of 1079 KC1, ‘ en transferved, still in

the dark, to s solutioa of 100 ppm PMA. Control discs were not floated om FPMA.
After two hours the PMA disce weye transfervad to KCI solotions and were placed
in the lipht, along with conrrel disecs. After one bour in the light (3000 fc)

the apertures of control stomata were 12,01, and those treated with PMA were

65.%u, indicating rthat FMA treatment ja the davk did reduce stomatal opening in

the light.

Further svidence
stomatal opening in
neels from discs of

<

T

Previous esperiments, as well as information in the literature {Cale,
Waggoner, Davenport), dindicste that aatitranspirents will be mest uwseful in
copserving water uwder conditions which are conducive to large water losses,
i.e., when soll and plant water potential ave high. A good recommendation,
therefore, 1s to apply an antitranspirant scon afier an irrigation. However,
in some circumstances this mov nol be possible. An experiment was therefore
carried out to deterpine whather or not an antitrvanspirvant s effective if
applied to plants which ave aslready in a stressad condition, but which would
laear be lrrvigated,

Eight pots of Phaseolus vulgaris were kept well watered and the soil in
ancthay eight was allowsd o dry, so that the vesistance Yo water vapor for
leaves of tle stressad plants (wet) was about 10 times that of the noustressed
plants (dry), and the tvans niTaVinn rates were about 1/5 those of the nonstressed
plants, Half the numher of plantg in the wet and the dry groups was sprayed with
a film-forming antxtranspiran* {C5-6432, 3%) and transpiration (based on pot
welghings) and resistance measurements ware made, AlL of the peots in the dry
treatment were then watered, znd the maasurements were vepeated to assess the
effect of the antiiranspivant on never—-siressed and prestreassed plants,

Antitranspirant Lres

regardless of whether the giants were stressed or nonsires sed (TabLG 5*. ﬁurlng
£

the stvess period, apvlication of an ant vivant reduced water loss by 44%,
the corresponding reductlon for nonatrs plants belng 31%. However, the
percentage valves alone caen be wisleading. In reality, only two units of watery
ware saved in the dyy pots apd 1) units in the wet pots, because of the naturally
high resistance (.54 min cw i) due to stomatal closure in the dry pots, It is

of intevest to aote that the resis of the film as a barrier to water wvapor
diffusion {s small (.08 min “j, compared to that offared by the consequences
{chiefly stomatal clozure), of *3t\‘.l desiceation (.54 min om™1), During the
24-hour pexiod after irrigsting the ztressad plaants (to the point of soil
saturation), it was obvicus that they had not completely recovered from the
stress, since the controls transpired less and had greater resistance than the
controls In the nonstressed poels. As a resuit, the antitranspirant appeared
less effective on the prostressed plants than on the never~siressed plants.

n




Effect of C8~-A432 (3%} on transpirarion and resistance to water vapor diffusion
of Phaseolus wulgaris plants treated when well wateved {(wet} or stressed (dry),
Each value is the average of four replicates. (Pre-~sntitranspirant spray data are
also glven to show inherant variabilivy. Transpil&tlon vaiues cover a 24-hour
period, but resistavce values ave instantanecus readings.)

. ~1
Trapspiration {(g/pl anr/ﬁdy) Resistance {(min cm )

Day (i3 (2) {3) (13 (2} (33

Post—spray Past-spray
Post~irrig. Post-Irrig.

Pre-gpray Post-sgpray of Dry Pots Pre-spray  Post-spray  of Dry pots

TREATMENT (73 3 (%3 (7 99, (%

T S e e AN A WA

Wet Contrel 26 {(100) 32100 33 0300) LO7 (1560) W05 (100} .06 {1.00)

o
i
a

.

i""'

ek

.
i
o
]
)

Wet CR-643 { 69) 23 071 L5 {7 JOB {160 09 (250

Dry Control 16 (100) 5 (100) 18 (100} <28 (100) « 54 (100) 08 {300)

La

Dry £8-6432 16 (101) 56) 17 { 89) 237 (1325 59 (183 212 (133}

- TR

A similaxr experiment was conductad on sugav heets (Beta vulgaris), except
that in this caser 1) Mobileaf (1:5) was applied 10 the unstressed (wet) aund
stressad (dre) plants, and 2) only leat ﬁ@fiﬁidﬂtu readinge were made, AL the
time of treatment the resistance of the dry plants was double that of the wet
plantg (Table 6). The Mobiieaf increased resisiance 10--fold in the wet and
Fefold in the dyy pots, After drrigating the dyy pois, the antitransnirant
vemained effective, although the rasistapce of the freated leaves {.71-1.40 min
") was not as high as was ohserved wien they were stressed (1.5 wmin ey,

§ffect of Mobileaf (1:5) on resistance (min em } to water vapor diffusion
from the lowver surface of leaves of beta vulparis when well warered (wet) or
stressed (dry). Fach vaine is the averige of five readings.

Day {1 {1 {13 {3)

Time 1030 A0 1430 1315
Control .08 .07 .04
Wer {
Mobileaf LB0 .95 .50
Control A7 Dry pots a1l 08
Dry { irvigated

Mobileaf 1.54 1.40Q A



Thus, if g antif . iz applied to already stressed
(but not completely des cady plants, some curtailment of water loss can be
expected. PFurthemmore, if the treated sivessed planis ave then re-irrigated
the antitranspirant film continues to curtail warer loszs. This was also demon-
strated in several other experimente involving C8-6432 and Mobileaf, It is
not unreasonsble to speculate that antitranspirant trestment of stvessed plants
would enhance recovery by a fovthcoming irxrigation because: 1) the severity of
the stress would have been partially alleviaced by reduced transpiraticn prior
ro irrigation, and 2) water uptake after irvigation would be able to 'catch up'
to water loss more easily if transpiration is curtailed during the recovery
period,

Foliar caverage

One: of the reasons foy variabilicy in the effectiveness of astitvanspirants

appéars to be the difficulty in obitaining good coverage of the foliage by the

gpray. The incorperation of a wevting agent ensures thorough wetting of the
follage, but as the spray dries it becomes di i?l“u’“ Lo detect, so that the
distribution of tha actuazl filw on the hcai surface is not faown, In ovder to
agsegs where the antitvanspirvant sprav ] By the 1eaf gurface, & 0.1% solution
(w/v) of the fluorescent dve, PTS, (sodium 3-hydroxy-5,§&,l0-pyrenetrisvlfonsate)
was incorporated in the spray. lne spraved %o}‘ahe was then observed in the

dark ander hlack light, It was asgummed that the dve was pdrr and parcel of the
antitrangpirant and that pate h@s O? flusrescence on the leaves corresponded to
patches of antitranspivant £ilm It was surprisivg to note tnat although the
foliage was thoroughly welited, the coverage of the leaves by the spray after it
had dvied was never complote as indicated by the patahy patiern on the flourescencea.
The coverage was practically nil in the shsence of & surnfactent, bur iﬁcreﬂ%isg

the amownt of surfactant {(Vatsol) from $.05 o £.50G % d not increase flunrescence,
Fluorescence was 3t£ill wisible on the folisge of the besp nlants one week after
sprayiag. The dye technique showed that the mosh rconsistently good coverage was
ohtained when a fine spray was given using an asrosocl propeilent,
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The ">&~'“f'0?‘nhil‘t.@ of an ﬁut
aof the vegetative surface s
material., As paﬂg
onn whether or not
the adjuvant, Blo-Iil
sntitranspirant (08 2Y, :
the imporisnce of & surfactant. In this exg
were gyrown in pots ontil primary lsaves hsd 3
the leaves was used as a aonrroﬁ and the oiher was €
resistance of the lower lea deos were made on
the rate hygromater. The Bimm ilm by itself had ne
resistance; thp antitranspirant, which pormally weis the les .
increased resistance by a factoer of 3.7 the addition of Bio-film te the anti~
transpirant douulau its effectivensss by increasing the resistance by a factor
of 6.7. The results of this test are not necessarily conclusive since infer-
actions may ocour hetween method of applicarion, tvpe of antitranspirant
naterial aond nature of the plant surface. Theroﬁn?e) woTe studiss are quuired
witl: various types of snritvasuspirants and wotling agents on different plant
species.

lated Lo the amount of wetting
netant added to the spray
shiern on the leaves depends
sta Lo Table 7 op the effects of
and 2} when added to a filp-forming

walf,

stance o wabar vay"r dif usion tllustrates
clus vulgaris plants
In each pot one of
~pated, Measurements of

Lo

rerimant
fully




Effect of a surfactant
on resistance to water

Ratio
Resistance Areatved,
Son 1’01J

{mhn om”

e et o o e

Coentrol CIIRE 0.97
Bio-fi lm + water N1
control MM 3,606
086432 Llin
Control 2030 f.67

£8~64732 -+ Bio~fiim . 200

P S s

Observations on coverapge using the flsorescent dye teshulgue wave made on
bean laasves sprayed varying amounts of surfactant (Vatsol) has
been added, Contrel £ Fheir ﬁhlvvsphyll convent, sppear red
under u,v. light, Similar | with antitranspivant
without =ny dve also appeared red 50 fhat no aonclueions on zoverage could bhe
made. FPMa without any surfactant, but with added dve, dried slowly on the
leaves and subseauent stribution of fluovescence aftey drving was falrly poox,
Tthe addition of 0.05% suyf gvﬂatly Iaproved COVRTAGE bhut dncressing the
anount from .03 to 0.0% made very [ the dogree of flourascence,
In general, coverags s ¢ i on the Lottom side of
the leaf, probably lower side. Similay
cbservations were not L ; ranspirant instead of PMAL
It was interesting to uote hal nf the spraved leaves under u.v.
light while still wet rhe coverags was complete and fluorescencs
was very bright. ﬂobovv aftax ﬂrvi zhe distributlon of the fluworescence
in nearly every case was patehy ce is much scope for improvew
ment of antitranspl i wiaces., However, complete
coverage of the leaf may ot always be advaota-
gecus 1f {0y che air ave severely restricted
by the fiim.

;v the flucrescent dyve
rined by resistance veadings with the
«waerAnt on sugay beet leaves,
still at ad fo the plant,
could be v as a control,

e of the leaf was then spraved
ro which BT fluorescent dve
varicus amounts of sprav, varying

i : flat, complicerions avising
surface were minimized, DODIif-
ware clearly visible while
subsequant film and its

& correlotion betwean film coverage
technique} and film effaativ@n
rate hygrometer) was found wicn
Fach leaf was tapsd to the m!m?w
and dits left side covered with
i.e., no spray. The right side
with the film~forming antitranssirant
had been added, Difforent
from light to medium o heavy
from spray runoff and raiﬁg““‘
farences between the light, w and hﬂé
the spray was sulll wei, hut aftat it had

"3
£1.
i
-
I
]
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its locarien dependent

distribution on the le:
upen observation under uitla&inl@t ;igﬂhn frer Lhm Jpxnfs had drdied coupletely,
the degree of flucresscewce on earh Jeal was observed and weasurements made with
the rate hygrometer, Since fluorescance was nol evenly distributed over the
whole of the tvedted leal surfacse, tha rate hyprosmeter was avtached to that
poridon of the leaf which flucvesced in prnpmhtﬁan to the treatmwent descripiion,
leoe., light fluorescence, e L ov heavy flucrescence. The light
increases in resistance, whereas

qnd the madiom :pravg wh
e heawy spray (which wmove than deubled the resistance

(}.‘ ’i.h N J.} .

*Lioroovvx

A Cambridge "Stevcoscan” Scanuving Tlectron Miovescope Mark 24 has been
utilized Lo move ﬂ”(uln\@fv evaluate Lf“ﬁ}u{e The instrument has the combined
capabiiivies of: 1) ining surface areas of {resh semples without fixations
2% magnifyving, over rAnge; 3% detecting cathedoluminescenca, These
capabilities make 1r posaible fo atwedy the relationship of antitrapspirants to
the stomata. Through the additdion of a dve, (8- ouj) vields a cathodoluminescent
inage, Mobileaf does not reguire the dye. With catbodoluminescenca defection
it is possible fo accurately locate the distribation of thesze films and to
diSﬁi?gui%h them from natvoral wawes mples takan from areas rthought to have
excelilent coverage ?hﬂw that = reentage of the stowata are not covered
{Plate I}, In mawy instan ks - film, such as at the edge of
dropiet, actually u\iﬂdfgﬁ% the stomata, Samp

¥
a very thick
Ffrom treated leaves which have

C

shown wntinaely vellewing show a very complete £ilm over the stomats, dndicating

suffocatien as a probable cavse for the towicity.

1o under field condivions it ds vivtually

all the leal suvfaces on a plant, and

wie postuleted that partial
leai aurface wmay slightly
incvease the stomatal
would he of relatively
by the film, bur it would

(‘. *{_}.'g: ;‘Jic.

Whan spraving on &
impossible to get iy
VATYVINg dagrr-;
coverage by an
incraasse the wave
apertures by
small consequence
result in dncreassd
film on the sane lesal,
(Vigna ainengis} JH,PH
the stomats
fusive resist :
lenves at a ligh
used foc the
widrib being t
1% applving the
right~hand half .
hand half of the 1zsf;
served as equiva]ema controla; 2} treating

resull,

hich wera oot cover

fore conducted with eas
s the uppoy "f surfaces,
: : suraments of dif-
wers nade wi ane hygrometer o both suvfaces of the
intencsity of abour 000 foot csndles. Haeif of a leal was
and the other haelf of the same : contrel, the
owaen the twe, The congiated of:
itranspivany CS-5432 (2% e lower @urface,
and poting its 2 the woper sovface, right
wrer and upper la fe of tha same ¢Lal
g aurface nf the right-hand
side of the ] hoanvicvanspivant and noting dus effect on the lower right
surface, ”hre@ replicate pots were used and the whole expevimeni was veplicgred
twice. The following resulis were noted {Fig. 23: 1) the antitranspirant
greatly incressed the rves to which 1t was applied;
2) when applied to thu i : of the upper surfacs
immediately above the stance of the upper
guriace above the untrea pilrsnt was applied to the
upper lsafl surface the r:"> surface fmmadiately below
it was less than the untreated half of the

Fr-hand

he uppar

istance of
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PLATE I

[MNote: This plate is from e paper submitted for publication and the muwmbering

Hedera cgnarisnsis (slgarian Ivy) under-gurface of a leaf as seenm with the

gcarning elsctron microgeops. Figure & (2 & B): a dropletr of Mebilssf 105

i]. Figure 5 (a3 &b): & film of Mobileaf 1:5 [1 zm = 190K]., ¥Figers
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leaf, It is possible that the influence of the antitranspirant film on stomatal
apertures of untreated suxrfaces of the sazme leaf is not restricted to the surface
immediarely above or below the film, but may also affect apertures of untreatred
surfaces on the same side of the leaf,

In an experiment with potted bean plants (Phaseolus vulparis) the effect
of a patchy application of the film-forming antitranspirant CS-6432 (37%) to both
surfaces of onre of the primary leaves was observed. The antitrasspirant, with
a fluorescent dye incarporated, was painted in patches between veins, leaving
intervening patches untreated, The patchy coverage of the film was confirmed
by observing under ultraviolet light, and the treated and untreated patches on
the leaf were given location numbers (Fig., 3). The second primary leaf in each
pot served as a control. Observations of resistance to water vapor diffusion
were made with the rate hygromater at the varioeus Jocations on the lower surface
of the treated leaf, and on exactly corresponding locations on the contrel leaf,
In Pigure 3, resistance readings on the treated and unstreated patches are
listed in separate columns, and the corresponding walues for the control leaf
are given in parenthesis, On the treated leaf resistance values measured on
the antitranspirant patches were ghout siz times greater than these on the
untreated patches, There was very little wvarilability between reslgtance readings
of the various locations on the control lLeaf (.04 to .05 min cm 1), but there
was much greater veriabilicy awmong positions of the untreated patches on the
treated leaf (.02 ro .05 min cm™!). Thus the average resistance for untreated
patches on the treated leaf (,033 min on™!) was less than that of the control
leaf in equivalent locations (.045 min em™!). It therefore appears that partial
coverage by an antitranspirant on a leaf can decreage diffusive resistance (by
increasing stomatal apertures) of those portions of the leaf which were not
-covered by the antitranspirant f£ilm,

Further data on the effects of partial antitranspirent coverage on leaf
diffusive resistance were obtained in another experiment with Phaseolus vulgaris
leaves. 8dx pots of bean plants, with their primary leaves fully expanded, weare
used for this experiment. In each case, one of the primary leaves was an
untreated control and the second ileaf on the sane plant was treated on 1ts upper
surface with a film-forming satitranspirant C5-~5432 (2%); the lower surface was
not treated, The pots were put in a growth chanber at 2000 f.c., 80°F, and
30-45% relative himidity. Resistance toc water vapor diffusion of the treated
upper surface was approximately 2.4 x that of the upper surface of the control
leaf, However, the resistance of the lower surface of the treated leaf was
about 267 less than that of the lower surface of the control leaf (Table 8),




Untreated Areas

Resistan?g
Location (min em 73
6 030 (L04)
11 L0500 {.04)
7 020 (L05)
1o L0500 (L05)
3 020 £.05)
1 A3 {(L04)
Average 033 (.043)
Pigure 3:

to water vapor diffusion.
pirant patches, and numbered circles indicate resistance measurement

locations, The table shows resistance values at each location,

Treated

Location

12
5
g

Average

——————

Areas
Resistance
{min cm"ll

32 (.05)
10 (.05)
16 (.05)
24 (.04)
04 (.04)
07 (.05

e

205 (.047)

Effect of patchy film coverage of a bean leaf on resistance
Shaded areas en the leaf indicate antitrans-

Values

in parenthesis are for corresponding positions on a control leaf.
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Effect of the film antitranspirant, 05-6432 (2%), applied only to the upper
surface (C) of a Phaseolus vulgaris leaf, on resistance to water vapor diffusion
of the lower surface (D)., The resistance value of each surface of the treated
leaf is relative to that of the corresponding contrel leaf surface. Each value
is the average of six veplicates. The letters indicate the measurement locationy

on the leaves C
Contrel A CS~-6432 ”m‘Treated
lsaf B }T( D leaf

RKelatlive Resistances

Leaf surface ) Control leaf Treated leaf
Upper L.00 (&) 2,40 (O)
Lower 1.00 (B) 0.74 (D)

Thus, an effective antitranspirant £film applied only to the upper surface
of the leaf does decrease the resistance (and therefore increase transpiration)
of the lower leaf surface of that same leaf, However, it should be pointed out
that although this effect was consistent in all of the replicates of this experi-
ment, it was not observed on all other occasions. This would suggest that there
ig probably some intevaction with envirvonmental conditions or, more specifically,
the water status of the plant, Thus, although the average reduction in resist¢-
ance for the lower surface in Table 8 was 26%, the reductions ranged from 367%
for partially stressad plants to only 7% in nonstressed plants. In the sugar
beet leaf experiment described earlier, where only half of the upper or lower
surface of the leaf was treated, the effect of pariial coverage may have
extended both vertically and laterally on the sams leaf. However, in the
Phaseolus experiment just described the effect would be predominately vertically,
i.e., between the upper and lowar surfac:, The influence of the film on the
upper surface of the treated leai probably had no signiiicant effect on resist-—
ances of the control leaf on the sawe plant, It {g dotevesting to note that in
our field expevriments with olive trees, whare only partial coverage of the leaves
by the antitranspirants spray could be achieved (because of the large number of
leaves and their geumetric pesitioning). it was found that a leaf, which was
visibly well sprayed on its sromata bearing lower surface, had a relatively
large diffusive resistavce and high water potential. However, a neighboring
leaf on the same twig, which obvicusly received ne to little spray (as indicated
by low resistance values) had a relatively low water potential, indicating that
the effect of increasing diffusive resistance by the antitranspirant was fairly
localized and did not extend to any great degree te the neighboring leaf, This
will be discussed in more detail in the description of the orchard experiments.

Some experimental evidence, found by direct microscepic examination,
indicates that the apertuvres of stomata directly under an antitranspirant f£ilm
can be greater than those on corvesponding control leaves (not covered by anti-
transpirant film). In such cases, decrease In transpiration is entirely
dependent on the resistance offered by the film to water vapor diffusion.



Rateg of Trangpiration and Photosynrhesis

Numerous data have been gathered on the effects of antitranspirants on
transpiration reduction as measured by gravimeivic technlques, e.g., changes
in weight of potted sugar heet, bean, dichondra, and other plants., These are
described elsewhere in this weport. This section will describe, in some detail,
the apparatus and some of the results obiained in the sgimeltaneocus measurements
of rates of tra~spiration and net photesynthesis of individoal attached leaves
in a leaf chamber.

The rates of tramspiration (T} and photosynthesis (P) can be represented
by the following equations:
AlL0 AL0
2 2

ey P=g

where 4 Hy0 = water vapor concentration between leaf and air; R = total
resistance to water vapor diffusion from the leaf; A €3y = gradient of carbon
dioxide between air and leaf; R' = resistance to carbon dioxide flux between
the aiv and the leaf,

The differential psychrometer method (developed by R. G. Wylie and used
by Slatyer and Bierhuizen) enables simultaneous measurement of both T aand
& HpOu It consists of a pair of watched wet bulb thermometer elements. Adx
of identical temperature is nassed over each element, but in one case the air
comes from the leaf chamber and is therefore enviched with water vapor. This
element, therefore, has a higher temperature (because of reduced evaporative
cooling of the wet bulb) than the element that is flushed by air which does not
pass through the leaf chamber. The temperature and humidity of the air {(which
was usually passed through the system at the rate of 150 liters per hour} could
be adjusted by passing it through temperature controlled water baths,

The water circulation system of the apparatus: 1) helps to keep the
chamber temperature close te that of the ailr stream entering it 2) cools the
quartz-iodide lights via a water jacket svstem; and 3) provides a heat sink
in the water bath between the lipghte and the leaf chamber. The leaf chamber
should be desgigued so that the leaf posiiiom is reproducible and the air stream
through the chamber is evenly distributed. A clear plexiglass chamber,
measuring 13 x 9.5 x 1.5 om, surrcunded by a water jacket, was used for single
leaf measurement, (A larger chambar, in which a small pet could be placed, was
alse used for certaln experiments,) A leaf, still artached to the plant, was
lightly bound on & frame with nylon thread and inserted into the single leaf
chamber for measurements. The end section of the frame was fastened to the
chamber with wing nuts and the hole around the petiole was sealed with caulking
compound. A combination of three 1500 watt gquartz ifodide incandescent lamps
and several 20 watt fluovescent lamps, fwo to three feet above the leaf chamber,
provided adequate light intensity and quality (wave lengths) for transpiration
and photosynthesgis studies,

Determination of transpiration rates depended on accurate measurements of
temperature at various points in the system. This was done by copper constantan
thermocouples, the voltage outputs of which were printed on a multipoint
millivolt recorder. A convenlent reference temperature for the thermocouples
was 0°C, achieved by placing the reference junctions in a thermos containing
melting ice, The thermocouples used in the differential psychrometer comsisted



of 34 gauge copper-constanitan thermo~innctions which were threaded through a
central hole in a plewiglass mounting. The two psychroweters were used as
wet bulbsz by enclosing them in wicks which dipped into water reservoirs. A
differentlal psycbhrometer is formed Ly counecting the constantan wires of each
thermocouple together and using a comron constantan rteference junction. Two
alr streams, one by-passing the Ieaf chamber and the other passing through the
leaf chamber, had their temperatures equalized by passing them through a
constant temperature water bath before passing cover the wet bulb psychrometers.
A thermogouple in the constant temperature bath providzd the "dry bulb" tempera-
ture, Thermocouples (44 gauge, copper constantan} in the leaf chember provided
a measure of leaf temverature,

Afrar determinivg & H,0 and T experfmentally, R was calculated, However,
R congists of the sum of the acunddtr layer resistance (r,) and the epidermal
resistance of the leaf (r,j. By substituting a piece of green wet blotting
paper, having albedo and geometyy similar to that of the transpiriug Jeaf, into
the leaf chzuber, we can eliminate the factor of Tae Thus, v a = A HzofE where
E = rate of evaporation from the paper. The epidermal resistance of the leaf
can then be found by difference, i.e., Ty, = R = T4,

Rates of photosynthesis were found by passing air sawmples: 1) from the

alr stream by-passing the ;eaf chamber, and 2} from the air stream after passing
throu?h the leaf chawber into a Beckman IRZL5 Infrared Gas Analyzer, The

analyzer determines the differential in €0, content between the two air streams,
thus indicating how much carbon dioxide has been depleted by absorption for
photosynthesis by the leaf. Ry finding P and 2 CO, (assuming €0, content in
the leaf te be 0), the various resistances 1o the carbon dioxide path could be
caleunlated,

In order to ﬂ;¢winate pogssible variations which occur from leaf to leaf,

the experimental leaf was run through the appavatus az a contrel, i.e., with no
antitranspivanc tre uiﬂdﬂuo Yo Leaf wae then freated with antitransplrant, and

after the matorial bhad dric thvough the spparatus to determine

the effect of the sntitravsnirani caninn, photosynthesis and resistance,
Thus, all measurements wers vun a pre-~freatzent and a post-treatment
measurement on the same lesxi, ang £ : . leaves were used for each
treatment, although replicatas had Lie made with tlne since only one leaf
chamber could be used of any one vwime. The 1

Ty
€3
ey
i

ves were never detached from the
plant, Before aszch run the plants were placed under the lights so that their
stomata could adjust vo the new ldighting conditions, and the experimental leaf
was kept in the chaubsr ror about hqlf an hour before final transpiration and
photosynthesis messurements were made, to enable it to adjust to the lighting,
temperature and ai - flow conditions 1Lmide the leai chamber, The following
neasurements were nocessary for the caleularion of transpiration, photosynthesis
and resistances: ) thermocouple outpure from the "dry bulb" water bath, the
"wet bulb" psychroenters, and the leal chamber; 2) ppm €0, from the infrared
gos analyzer; 3) rie of alr flow fror s flow meter; and 4) leaf area. Rates
of tramspiration ¢.:d photosynthesis ware expressed as mg dm™2 leaf area h™!,

and reslstances a¢ sec o -,

The effects ! a stomava closia: antittanspirant (phenvlimercuric acetate,
150 ppm) and & fi n-forming antitraw s ivant (C8-6432, 3%) on transpiration,
photosynthesis, a 4 reslstances of clcander (Nerium oleander) leaves are shown
in Table 9. The ares of transpiraticn and photosynrthesis, measured a few




TABIE 9. Effect of the stomata closing antitranspirant, PMA, and the film-forming antitranspirant CS-6432 on

the rates of transpiration and photosynthesis of oleander leaves measured 2 h after treatment. The
calculated total and component resistances in the water vapor and carbon dioxide pathways are also
given,. .
% RESISTANCES
TRANSPIRATION PHOTOSYNTHESIS |  WUE TRANSPIRATION PHOTOSYNTHESIS
5 o | - T el e | o A
i mgﬂ i meld : = © i § -
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; : f T W
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Control 1420 100 10.45 100 50 3.63 2.17 6% 18.51 3.71 % 20 12.3 66
o |
PiiA 5 ‘ :
{150 ppm} 1150 8 65.7% 65 39 5.18 3.72 72 28,41 6,37 | 23 18.5 CEA
Control 1410 100 7.42 100 3% 3.85 . 2.3% | 62 26.4i 4.08 | 15 19,9 75 |
: ? §- |
(5~8432 : : : % ) g - ; §
{3%) i 810 57 3.93 53 34 8,51 1 7.05 83 53.4112.05 ; 25 . 38.8 . 70 |
i ! i i i 3 i
WUE = Water use efficiency = carbohydrate preduced per unit of water transpired = (g CHo0) /(g H0)
r; = boundary layer resistance to water vapor = 1,46 sec emt
ra' = boundary layer resistance to carbon dioxide = 2.50 sec em*1
r, = epidermal resistance to water vapor
o' = epidermal resistance to carbon dioxide
r_ ' = mesophyll resistance to carbon dioxide
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hours after treatwent, were decreased by both PMA and CS~6432, At the con~
centrations used in thir trial, the percentage reduction in photosynthesis by
the antitranspirants was greater than the reductions in transpiration., Asg a
result, the water use efficlencies were also decreased, though to a smaller
degree by CS~6432. Measurements made two days later {not shown In Table 9)
indicated that the 150 ppm concentration of PMA was phytotoxic and resulted
in even more drastic reductions in photosynthesis and witer use efficiency.
on the other hand, the C8-6432 reduced transpiration to a greater extent than
photosynthesis two days after spraying, and therefore increased water use
efficiency. This suggests that the resistance of the (8-6432 film to carbon
dioxide was decreasing with time.

The various resistances in the transpiration and photosynthesis pathway
were increased by both of the antitranspirants., It should be noted that any
Increase in the epldermal resistance {re) caused by PM4, would be due to stomatal
aperture, whereas an increase in ¥, caused by £8~6432 would be due to the film
lying over the stomatal surface. It can be seen that for the low ventilation
conditions in the leaf chamber, the boundary laver resistance comprised about
407 of the total reslistance in the water vapor pathway, and the epldermal
resigtance about 60% for comtrol. leaves. However for PMA treated leaves
the epidermal reslstance comprised about 72%, and for C§5-6432 about B3Y, of the
total resistance. Because of the presence of r) the corresponding proportion

of the total resistance in the carbon dioxide pathway contributed by the
epidermal resitance (r]} was much smaller, 1.e., about 13 to 207 for control
leaves and about 23 to 2Z5% for treated leaves, The total resistance in the
carbon dloxide pathway (rp' + r,' + ') was increased by the antitranspirants,
but it was approximately doubled by the (8-6432, 7Tt is of interest to note that
2 days later the C8-5432 had lost some of its influence on increasing the total

resistance to Cly, i.2., the resistance was increased by a factor of only 1.4
instead of 2.0,

Tt i3 emphasized that the resistance values in Table 9 are not direct
meagurements, but are calculations based on the measured rates of transpiration
and photosynthesis and on the diffusion coefficients for water vapor and carbon
dioxide through alv. One of the shortnczings of the use of this system for
determining resistavces with film sntitranspirants 1s that the diffusion
coeffleients for carbon dioxide and water vapor through the film medium are not
known. The mesophyil resistance, which ocecurs in the carbon dioxide but not in
the water vapor pathway, is really nothing but 'fudge factor' calculated by
subtraction. It therefore, includes all resistances to C0) between the atmosphere
and the chloroplasts, cther than those accounted for by the boundary layer and
stomatal resistances. These other resistances include the diffusion of carbon
dioxide through the liguid phase of the cell walls to the site of absorption in
the chloroplasts, and ia the case of film antitramspirants, must also include
factors related to the permeabiiity of the film to carbon dioxide diffusion.

Thus, ry' was increased by C6~-56432 because of the nature of the external film,
and by PMA probably because of internal phytotoxicity which may have affected
the photosynthetic system in & way other thap simply increasing stomatal resistance,

Measurements of transpiration and photosynthesis were also made on pots of
dichondra (Dichondra repems) which were inserted into a transparent plexiglass
chamber that was larger thav the one used for single leaf measurements. The
dichondra was grown in 4-inch pots and carefully watered and fertilized with
nuttient solution until a thick uniform matt of foliage was produced, Abour
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100 such pots were prepaved, and being of uniform size and appearance, they
were strictly comparsble, thereby reducing errors cthearwise resulting from
variable leaf areas and angles of dnclinsticn. The dichondra pots were useful
since, upon completion of an experiment with antiiranspirvants, foliage could be
cut allowing regrowth of fresh leawves, and thereby eliwminating the need for
replanting the experimental wmaterial. Internsl measurements of the plexiglass
chamber weve 7 inches sgquare by 5 inches high. The side walls were water-—
jacketed for cocling. Special baffles for air entry and exit were provided and
air mizxing was possible, when desirved, with a 2.5 inch diameter four bladed

fan inside the chamber, which was run by an external mctor, The pot was
inserted through a hole in the bottom plate of the chamber so that only the rop
gurface of the pot was actually ingide the chamber, and an airtight seal was
achieved by inserting a circular rubber tube (imner tube of a bicyele tire,

cut to size) around the pot rim, end inflating the tube wntil a complete seal
was made, Pots of different size and shape could be inserted iutoe the chamber,
by changing the base plata.

In the experiment to be degeribed, uniike the one with the sugar beets, the
pot used as a control {(nc spray) was not later spraved as an antitranspirant
treatment, In other words, the controel and warious antitranspirant treatments
were different pots. The measurements were not replicated. The treatments
consisted of film forming and stomata-closing antitranspirvants a8 well as
combinations of the two, the stowatza closimg antitvanspirant being sprayved first,
followed by the fiim material on the same follage. The various treatments and
resulfs are shown in Table 10.

dzble 10

Effects of a stomata-closing {PMA) and iwe filmeforwing [CS$-6432 (C8) and Allied
(A)] antitranspirants on rates of transpiration and photosynthesis of Dichondra
{(Dichondra repens). The treatments inciude various concentrarions as well as

a 'combination' of stomata-closing and film-formivng materials, i.e., PMA sprayed
first, feollowed by CS or A.

Transpirasion Photosynthesis
. % Reduc~ - % Reduc~
Treatment (mg do " h ) __tion (mg dn " h 7} tion
Control 1471 0 8.70 0
PMA (50 ppm) 1133 23 6.30 28
PMA (100 ppm) 1634 30 5,50 37
PPM (200 ppm) §75 40 2.19 75
PMA (300 ppm) 660 55 2.43 72
A (2% 1321 10 7.56 i3
C8 (2% 1061 28 6,52 25
PMAlOO + A 2% 60 35 6,04 31
PMAlOO + €S 2% 1184 19 7.10 18

C8 4% 576 34 7.4 17



All of the antitranspirvants reduced the rates of tramspivation and photo~
synthesis., In most cases both of these measurements weve curitailed to the same
extent percentagewise. Howaver, one of the matevials (£8-06432, 4%) reduced
transpiration far more than photosynthesis, wheveas the higher concentrations
of PMA had the opposite effect, suggesting thel there was some phytotoxlcity
involved., PHMA (200 ppm), for instance, veduced transpiraticns about 40%, but
veduced photosynthasis 75%., ‘The effects of the PMA and fiim combination were
not additive,

The boundary layer vesistance (v,) over a leaf depends largely on the
ventilation rate, The fan in the dichondra pot plant chamber enabled studies
of transpiraticn and photesynthesis uwnder high and low ventilation rates, i.e.,
with emall and large boundary iaver resistances, vespactively, In one experiment
with dichondra, wuvse of the fan inside the chamber increased transpiration rates
by about 75% and photosynthesis by about 35%. Theoretically, if the boundary
layer resistance is reducad, the other resistances (epidermal resistance for
water vapor diffusion and epidermal and mesophyll vesistances for carbon dioxide
diffusion) become relatively more impeortant in the fotal resistance pathway.
Therefore, any increase in epidermal resisrtance, say by anticvranspirant treatment,
should have a greater effect in reducing transpiration aand photogynthesis under
ventilated than uwnder non-ventilated conditicns. In the experimental data with
dichondra, the percentage veductions due to the antitranspirant were faivly similar
whether the fan was on or off, However, in absolute units both transpiration and
photesynthesis were reduced to a grester extent under ventilated than under non-
ventilated conditicns. These data and further discussion on the interactions of
antitranspirant effects with wind speed wiil be presented later in this report.

In other expeviments with dichondra it was found that varlous alkenylsuccinic
acids, which are stomata~closing antitramspirants, reduced both rates of trans-—
piration and photosynthesis. These data will be présented larevr in this report.
Transpirantion and photosynthesis messurements were also used as a criterion for
comparing the effect of various commercial and experimental antitranspirant
products. Data on these praducts as well as any other materials which are
developad in the futuve will be presented in a separete report at a later date,

Leaf Temperature

Stomatal apertures, and therefore leaf resistance and leaf tempevature, vary
with time (over minutes, hours, end diurnalily). Data on the variations with time
of leaf temperature as measured with a rate hygromater are shown in Flgure & im
the section on duration of avtitvenspivant effects, It can be geen in this figure
that during an 8 hour period, temperatures of antitranspirant treated leaves are
consistently higher than thosa of control leaves throughout all phases of
the variation., The relatively small wmagnitude of leaf tempevature increase,
compared to that of resistance increase, is alsc evident frem this figure.

The relatively small influence of antitranspirants of the stomata closing
and film—-forming types on leafl temperature ave illustrated by data from the
following experiment on sugar best (Beta volgaris) leaves, uvsing the rate
hygrometer and its built~in thermistoer for weasurements of diffusive resistance
and leaf temperature., Experimental errer was minimized by using ore~half of a




TABLE 11

Effects of antitranspirants {C5-6432, 3% and PMA, 110 ppm) on the temperature aund resistance of the lowsr
surface of sugar beet leaves in a greenhouse. (Average alr tempersture and relative humidity were 27°C
and 60%, vespectively.

Temperature Resistance Lemperature Eesiétamge

{(°C) (min cm™4) (°0) {min cm™+)

Control LS~B643 {CE-Lon) Contrel  C3-5432 (C8-Con) Centrol  PMA (PMA-Con} Control FPM4  {(PHA-C
28,2 28.2 1.0 .18 . 36 .60 22,6 9.4 -2 .12 L13 1.25
9.5 30.1 .6 W14 .84 6.00 30.1 287 -4 i3 <19 1.23
29.4 29.9 .5 <15 60 4.00 3.1 30,2 .1 L17 26 i.53

36.3 30.6 .3 <17 66 3.88 3.2 36.3 .1 L7 el?

ok

*
[
>

36,2 30.8 4 <18 .86 4.78 38.7 31.3 WO ~20

2B.5 30,1 .6 »15 .76 5.45 30.1 30.2 O J16 A

(%)
]
et
*
Lo
i
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leaf as an untreated conivol and treating the other half with antitranspirant,
the mid-rib being the boundary between the two halves. Although both the upperx
and lower surface of the treated half were treated,; weasursments were made only
on the lower surfane, The film-forming €8-6432 (3%) antitranspirant increased
resistance by a factor of 5, but concurrant increases in leaf temperature were
vary small but consistent {Table 11). In this experiment PMA increased re-
sistance relatively less than CS~6432, The differences in leaf temperature
between the contrel and treated half of the leafl were also very small, and an
increase in leaf temperature by PMA did not occur when the increase in resistance
was relatively small, The elevation in leaf temperature by an antitranspirant
may have been minimized in this experiment because of possible conduction of
heat from the treated to the uwnirveated half of the lesaf, However, when the
C8~6432 treated leaves were split down the mid-rib from the tip to near the
hase of the leaf, although the xylem serving the two halves of the leaf were
still intact, differences in leaf temperature between the treated and control
halves of the leaf were the same ovder of megnitude as with the wunsplic leaves,
Purthersore, sinillar results were obtained when measurements were made on
separate contrel and treated leaves of bean plants, as described in the next
experiment,

The rate hygrometer was used to assess the effects of film-forming anti-
transpirants on leaf tewperature and resistance 0f bean (Phaseolus vulgaris)
plants growing in pots in a ceontrelled environment chamber at 21-22 °C, 50%
relative humidity, 2500 f.c. light. The entire plant was eilther left wmsprayed
{contrel) or was sprayed with CS-6432 (2%) or Mobileaf {(1:5). There were 5
repilcate pots of each treatment, and numerous replicate measurements were

made with tima.

Table 12 gives average leaf temperature data for the lower surfaces of
control and treated leaves under well watered conditions in five separate experi-
ments., Klevations in leaf temperature by the antitrangpirant did not always
occur, and when they did, they were small.

Table 17

Effects of two film antitranspirants (AT) om temperatures of lower leaf surfaces
of well watered bean (Phaseclus vulgaris) plants in a growth chamber.

Temperature (°C)

i day before i day after 2 days after
Expt. treatment _treatment treatment
No, Antitranspirant Control AT Control AT Control AT
1 GB-6432 (22 31.8 31.4 33.0 32.8 31.4 31.7
2 C8~6432 (3%} 32.0 32.5 1.8 32.8 30,9 31.6
3 C8~-6432 (310 29.7 29.3 3.3 21.8 32.4 32.2
4 Mobileaf (1:5) 31.7 3.7 30.9 3.7 30.9 31.5
5 Mobileaf (i:5) 30.2 - 30.4 30.1 31,2 3.2 31.9
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In experiments which used the leaf chamber for traaspiration and photo-
synthesis measurements, coppar congtantan thermocouples (44 gauge) inserted
in the chambey measured 1} leaf temperature after ensuring that the thermo-
junction was in contact with the lower surface of the leaf, and 2) aix
temperature by keeping the thermocouplie just below the leaf. Leaf winus aix
temperature tended to be higher for antitranspirant than for countrol leaves,
However in all wmeasuvements by thermistors or thermocouples, there is always
seme doubt as to the degree of contact between the measvuring element and the
leaf. Although the data reported above ave fairly consistent, they should
be compared with other technigues of weasurement such as remote sensing. In
future iInvestigations it is planned to use a Barnes infrared thermometer for
measurements of temperatures of individual lesaves as well as plant canopiles
which have been treasted with antvitrauspivants.

Although relatively lictle work was done with antitrenspirants of the
reflecting type during the 3-vear periocd covered by this report, it is relevant
te note the findings of Abou-ihaled using white coatings of kaolinite on altfrus
leaves. He reporte  that at radiavion intensities of about 1 cal, em™2 min”
kaolinite reduced citrus leaf tempervature by 4°C and transpiration by about 25%,

Duration of Effesct

Before describing the long~témm duration of an antitranspirant's effectiveness
it is of dnterest to note the changes with time of resistance to water vapor dif-
fusion over a period of several hours under constant envirommental conditions.

The film-antitrvancpirent C5-6432 (3%) was applied to the upper and lower surfaces
of one~half of a sugar peet leal, the other half being control. On the next day
the sugar beet plant was placed in light of 2000 f.o, intensity, aiv temperature
of about 25°C and relative humidicy of 40%. Observations were wmade with the

rate hygromefer on the lower surfaces of the contrel and treated halves of the
leaves. Although there was a good deal of fluctuation in resistance with time,
the C8~6432 surface had s consistently higher resistance (about a 4~fold increase)
than the contrel half (Figure 4), Lea) temperatures also fluctuated with time
over the &-hour peried, but the tewmperature of the treated half of the leaf was
always slightly higher than that of the controel half.

The longewvity cof antitranspirant effectiveness depends on the antitran-
spirant material, 2} enviromwental factors, such as soil moilsture and atwospheric
evaporative demand, which influence the water porential of the plant and therefore
stomatal opening, 3) plant factors, such as the amount of new foliar growth after
antitranspirant application, and 4) spray factors, such as the degree of coverage
achieved. In ordexr to eliminate complications caused by the interactions
between antitranspirants and the various influencing factors, film-forming anti-
trapspirant was painted on mature ivy leaves which had essentially ceased their
expansion in leaf area. Resistance readings were then made on the lower surfaces
of the leaves, at the same time each day, under fairly uniform conditions in a
greenhouse. Variability was further reduced by the technique already described
of using half of the leaf for control and the other half for antitranspirant,

In the first ivy experiment, the increase in diffusive resistance caused by
C8-6432 (2%) lasted for 6 days, and thereafter resistance readings on the treated
side of the leaf were either the same or less than those on the control side of
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the leaf. Howevar, the effect of C8-6432 (3%) lastad for 12 days (Figure 54),
In other experiments, C5~6432 (2 and 3%) appesved to effecrively increase the
resistance of ivy lesves for only 2 days. Thus, the duration of effectiveness
of ithe €S5~6437 fiim is somewhalt inconsigtent. However, it is possible to
envision certain cases where an antitranspivant of zelatively short duration
would be more advantageous than one of longer snd more persistent duration,

In parallel experiments with Moblleaf (1:5), the duration of effect on tvy
leaves continued for at least 18 days (Figuve 5B). The relatively longer
effectiveness of Mobileaf in increasing resistance was also observed in other
experiments with the essentially nonexpanding ivy lezves.

The long-term effectiveness of (08-~8432 (3%) on resistance of sugar beet
leaves can be seen in Figure 6. JIn this experiment, unlike the data reported
aarlier, the U8~6432 was effective for approximately cne month, although irs
effectiveness decreased from a 2.2 fold increase in resistwence just after
treatment to 2 1.2 foid increase aboun one moumth later,

A similar experiment with sugar beets was conducted wirh phenylmercuric
acetate te determine the duration of its effectiveness when applied in con-
centrationsg varving from { PMA (soclvent of water and ethanol + £~77 surfactant)
to 200 ppm PMA, Figure 7 shows that the higher concentrations of PMA (150 and
200 ppm) became effective immediately (within e {ew hours) after application,
whereas the lower concentrations took a Iittie more time to hecome effective
but dld increase resistance within 24 houxs, although this is not shown in the
figure. The experiment was terminated after 4 weeks, at which time all of the
PMA concentrations still showed duncreased ragistances to water vapor diffusion,
the higher resistances occorying with the greater PMA concentrations. The
resistance ratio for the PMA sclvent alone remained at unity throughout the
h-week observation period, indicating that it behaved essentially the same as
a control leaf, All of the chservations were made under artificial lighting
conditions at about 3000£%.¢., after allowing the plants to equilibrate with
the lighting conditicns.

Oleander plants (Nerium oleander). growing in 1 gal. containers in a
greenhouse, were spraved with C8~6432 3%y, PMA (110 ppm) or water + X-77
{control). The pots were irvigated freguently to aveid severe stress, and
were bagged with polvthene o prevent evapovation from the soil, Before
spraying, transplration rates amongst the pots were similar, but thereafter,
the antitranspirants reduced water .oss, initially by about 40% (Figure 3).

A delayed irrigation on September 11 caused a decrease in effectiveness on
September 10 ~ 11 due ¢o so0il meisture stress {see section on Interactions
later in this report), but some effectiveness was required after re-irrigation.
The effects continued for approximately 3 wecks, but were mere-pronounced for
C3-6432 than for FMA, the reduction in transpiration after the third week being
107 and 5%, respectively.

The overall effectiveness of an antitranepirant spray will be of relatively
short duration when applied to plants that contipue to produce new leaf surface,
especially if the new growth occurs at the outer extremities of the plant where
transpiration rates are highesi. This is illustrated by comparing the tran-
spiration rates of antitranspirant treated pots of dichondra (Dichondra repeng)
withi wntreated pots {(Figure §). Inirial reductions in transpirvation exceeding
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40% were obtained with PMA, and of 25% with CS5~6432 (3%). However by the fourth
day after treatment, a new flush of leaves had practically eliminated the effects
of both antitranspirants, When these new leaves were clipped off, the reduced
transpiration vates of the treated plants were manifested again although
differences between sprayed and unsprayed plants were smaller than observed

on the day after spraying.

The effects of naw foliage appearing after spraying were also shown in
experiments on S5~year old almond trees near Davis, using dendrometers to
asgess the effects of fillm-forming antitranspirants. The filrst trial was
made in the early sommer of 1967, when a considerghble amount of new foliage
was belng produced on the periphery of the trees, and the second trial was
made in the same orxchard later that summer, when there was little, if any,
new foliage growth., Because of these differences in new foliarx growth, the
applied antitranspirant limited water loss for only a week in the flrst expexri-
ment, but for over a monith in the second trial, as indicated by measurements
of shrinkage and growth of the iree trunks.

Information on the duration of an antitranspirant's effect was also noted
in other field expaeriments., Measurements with dendrometers on the almond trees
indicated that the antitranspirant continued to reduce shrinkage of the tree
trunks for as long as one and a half menths., Furcthermore, the antitranspirant
increased relative turgidities of the leaves, sampled in the late afternoon when
shrinkage was maximum, for as long as two and a half months after spraying,
thereby lending support to the long-term effects observed on shrinkage.
Measurements of resistance of the leaves of prume trees showed that the anti-~
transpirant CS~6432 (1%) was effective for at least 16 days after spraying, and
possibly longer. Highteen days after treating peach trees, the resistances of
leaves sprayed with Mobileaf (1:9) was nearly 3 times those of control leaves,
and leaf water potentials were approximately-5 atm, higher than for control
leaves, On olives, it was noticed that water loss from harvested fruilt (from
trees which had been sprayed with €85-~6432 (1 %% ) three weeks before harvest)
was reduced by abeot 30% se compared with fruit from unsprayed trees,

In the numerous experiments with atitranspirants, the longevity of the
effect has varied from a few days to several weeks, Some of the variability
can be accounied for by plant and envirommental factors, but in many cases
it 15 probably due to some as yet unexplained property in the antitranspirant
material itself, These problems may be related to age of the antitranspirant
material, method of application, etec. Inconsistent and variable data have
been reported to the companies producing the materials so that they can study
the problem with a view to modifying formulations, emulsifiers, etc, in corder
to obtain more consisient effects.

Concentrations

Antitranspirant phytotoxicity may be caused by the material itself, or
more particularly by the emulsifier present Iin the fiilm forming antitran-
spirants. Although the degree of phytotoxicity depends on the sensitivicy
of the plant species, it can usually be vegulated by adjusting antitranspirant
concentration, without totally sacrificing the effectiveness of the material.
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Thus, Mobileaf at the recommended concentration of 1:5 caused yellowing of

the leaves of several frult trees, necessitating determination of a lower,

but yet effective, concentration. Varicus concentrations of Mcbileaf were
therefore applied to leaves of sugarbeets (which are a convenient experimental
medim) to determine the rates of transpiration and photosynthesis in the

leaf chamber apparatus. Phytotoxicity at the 1:5 concentration may well have
been due to suffocation, since C0y intake (and possibly 0y exchange) was
practically eliminated by the film., (On a field scale, such overall drastic
reductions would not be expected since coverage by tie spray would be rela-
tively incomplete compared to that achieved on the sugar beet plants on a
laboratory secale.} Decreasing the concentration of Mobileaf gave correspondingly
smaller reductions in transpiration and photosynthesis, though the reduction

in photosynthesis was always greater than in transpivation (Table 13). The effects
of decreasing Mobilleaf concentrations on diffusive resistance (measured by the
rate hygrometer in a separate experiment) are also shown in the table.

Tabie 13

Effects of various concentrations of Mobhilleaf on transpiration and photosyunthesis
of sugar beet (Beta vulgaris) leaves, The effects on diffuslive resistance relative
to control, as measured by a rate hygrometer are also shown.

Registance
Concentration % Reducyilon Below Control ratios
of Mobileaf Transpiration  Photosynthesis (ML/Control)
1:5 a5 106G 12.6
1:7 70 80 5.8
1:9 60 70 5.3
1:1L 3 50 2.0

Phytotoxicity txials were also concucted on sample twigs in the orchard on
various fruit trees, using the same mobileaf concentrations listed in Table 13.
These trials showed that a concentration of 1:9 was nonphytotoxic to leaves of
apricots and peaches, and of 1:7 to leaves of olives, Since fairly substantial
reductions In transpiration (and photosynthesis) could still be achieved at these
concentrations, they were selected for spraying in experiments described later
in this report.

The effects of warious cencentrations of phenylmercuric acetate on rates of
transpirvation and photosyntbesis from dichondrs {Dichondra repens) can be seen
in Table 10. Increasing concentratious of PMA gave greater reductions in both
transpiration and photosynthesis. In genaral, a 100 ppm (about 10733 M) con-
centration of PMA was found optimum for most plaut species in terms of reduced
transpiration (and photosynthesis)} and absence of phyrotoxicity. The effects
of various concentrations of other antitranspirants of the stomata closing type
on transpiration rates of dichondra can be seen later in this report in the
section of alkenylsuccinic acids,
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Cotton plants in 5 inch pots were placed in a votating chamber in the
greenhouse., Transpiration rates were mesasured by welght differences over a
period of several days aftcer bagping the pots to eliminate evapovation from
tha soil. Pre~treatment data on transpiration rates was used to group the
the plants into statistical biocks, and variation, dus to position in the
chamber, was furthay reduced by the continucus rotation of the pots on the turn-
cable., The leaves of the cotton plants were then sprayed with distilled water
plus X~77 surfactant {control), or ™A st 100, 150, or Z00 ppm concentrations.
The effects of the PHMA over an 8% hour pericd of daylight one day after spraying
is shown in Figure 10, The minimum concentrasion of PMA required to effectively
reduce transpiration from the cotton plants undar the vonditions of this
arxperiment was probably less than 100 ppm.
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The effects of increasing concentrations of phenyimercuric acetate on
resistance to water vapor diffusion from sugar beet leaves, measured one
week after application at a light intensity of 3000 f.c., is shown in Figure
11, Measurements were made on the lower leaf surface and half of each leaf
served as a control, the other half bheing trveated. The data in Figure 1l ave
expressed as resistance relative to vhat of the control half of each leaf,
Tt appears that no Further galn in effectiveness can be obtained with con-
centrations higher than 150 ppm ¢f PMA. Although no phytotoxicity was cbserved
in this experiment, other investigations on sugar beet have shown that con-
centrations of 1530 ppm and more do damage the leaves,

The effects of various concentrations of antitranspirants of the filme~forming
type appears to he very dependent on the nature of the leaf surface and its
angle of inclination. Using the technique already described of treating half
of a sugar beet leaf with antitrangpirant and keeping the other half as a
contrcl, the following experiment was done with sugar heets and (S~6432 ar various
concentrations, using the rate hygrometer to assess the effects on diffusive
resistance to water vaper. After treating half of each sugar beet leaf with
C5-6432 at 2, 4, or 6% concentrations and allowing the material to dry, the pots
were placed under artificilal light at 2000 f.¢. and reslstance readings taken
on the lower leaf surfaces. The C5~6432 increased diffusive resistance, as
compared with readings on the control half of each leaf, but there was no trend
of 1ncreased effectiveness with higher concentrations (Figure 12). A possible
explanation for this is that the antitranspirant runs off the leaf as soon
as it is applied in the iiguid fowm, because of the natural angle of inclination
of the leaf, This hypothesis was therefore fested in ancother experviment with
sugar beet leaves in which all factors were kept the same as in the previous
experiment except that during application and drying of the C3-6432 the leaves
were taped to a flat surface {(lower surface of thée leaf facing wp)., In this
case, diffusive reslstance was greatly increased as the (55432 concentvation
increased from 272 to 4% to 6% (Figure 12}, These axperiments thevefore suggested
that under normal conditions and leaf angles, increasing concentrations of film
antitranspirants may provide livtle if any added effectiveness, except in patvches
where the antitranspirant liquid may srcumulate duriog the process of dyying.
It is not unvessonable to speculate that the lack of effectiveness of increasing
concentrations would be less likely under conditions of more rapild drying of the
spray {see section on antitranspivant spplicaticm earliey in this report),
However, it should be kept in wmind that the choice of an antitranspirant con-
centration is often goverved by factors of phytotoxicity rather than by degree
of effectiveness azlone.

Interactions

Antiftranspirants are not equally effective wnder 211 environmental condi-
tiong. Since both transplraticn and photesynthasis are affecred by a number
of different factors, several interactions are ewpected. An antltranspirant
will be mosi effective in curtailing the magnitude of water loss from leaves
when transpiration is not being restricted by natural stomatal closure in
response to leaf deficits. Therefore, any envivonmental factor that induces
stomatal closure (such as low light intensity or high evaporative demand,
causing guard cells to lose turgidity because of a lag of water uptake behind
transpiration) will tend to increase stomatal yesievance, therebyv reducing the
usefulness of sn antdtranpspirant as a barrier agsinst transpiration losses,
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This argument is particulerly truee of antirranspirants of the stomata closing
type. However & film antdtranspirant forms an addirional resistance in series
over the registance alvesdy offerved by a stomate. If however, environmental
conditions are such that complare stomatal closure veours, i.e., transpirvation
is nil, then an anvitranspirant of the stomata closing or £1lm forming type
would vaxou%ly be of ne use. FEnvirommental factors which affect stomatal
.avexrtures (d d therefore the effectiveness of antiivanspirants) include light
itntensity, ‘evaporative demand, and scil-water potential., Since the boundary
layer resistance (ra) is a part of the total resistarce pathway for water
vapor diffusion cut of the leaves, its magnivude also determines the effective-
ness of an antitranspirant. In still air vy will ke large and the epidermal
resistance (r,) will becowe relatively less important, thereby minimizing the
effects of any additional resistance (stomatal closure or a film) created by
an aptitranspirant. The interactiona between gntitrvanspirant effects and
varicus envivomsental factors are described in the following paragraphs,

Interaction with lishi: Half leaves of sugar heels were treated with
stomata closing antitvanepirant PMA (150 ppm), the other half of each leaf
being untreated controls., Measuremenis of rasistance to water wvapor diffusion
from the lower surfaces of the leaves ware made with the rate hyvgrometer at
Iight intensities of 3200 f.c. and then as 1000 f.o,. Control resistance was
about 3 % times greater at the low than at the uigh light intensity {(Table 14},
At 3000 f.c. the PMA doubled resistance, whereas at 1800 f{.c¢, it increased
resistance only slightly.

-~

Table

Effect of PMA on resistance to water wvapor difiusion frowm sugar beet leaves
at high and low light intensitiles,

. , ]
Resisrance {(min cm )

Aftery 20 win. Afver 10 wmin.
2t 3000 f.c,  2f 1000 f,c.
Control LO8 W27
PMA (150 ppm) 16 31

Using the same half leaf te*uniqup o supsr beet leaves, the interaction
of the f£film forming antitranspirant, O8-6432 (37) wirh light intensity was
studied, The rate hygrometer measured diffusive rasgistances from the lower
leaf surfaces, Table 15 shows the results of 3 sepavate replicated trials,
each including measurements at a high and low Iizght inteasicy, Comparisons
should be made within each trial rather than batween trials, Tt is evident
that the largest difference in resistance between the trzated and control
halves of leaves always cccurred at the lower light intansity in each trial.
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Interaction between the cffects of C85~6432(3%) and two levels of light
intensity in three separate veplicated trials. The values in the table
are resistance to water vapory diffusion {min cm"l) from the lower surfaces
of sugar beet (Beta vulparis) leaves.

Trial I e 3
Light f.c.} _5500 300 3000 40 000 126
Control 04 <13 L6 .78 07 .15
C3-6432 09 .26 15 .23 .09 21
(cs - con.) o3 .1z .09 a5 .02 .06

A similar interaction was observed in another experiment with sugar beetl
leaves at light intensities ranging f{vom 500 to 8000 f.c. (epproximstely .06 to
.75 cal cnd win™dl radiant energy for this light bou?co\»mFlguLL 13. (The
corresponding leaf tempevaturss are also shown in this figurej note that
temperatures on the treated side of the leaf are only siightly hlgher than
on the control side at all levels of radiation.) Ancother incidental wvhsecrva-
tion dn Figure 13 is the curvilinear response to changes in light intensity for
both the control and trested halves of the leaves, dndicatving that the stomata
under the antitranspiract film remain 5uu tLondl and responsive to environmental
conditions, i.z., they ars not “gusmed up” by the Film.

The seemingly greater effectiveness of the aptitranspirant ar low than
at high Jight dntensities is contradictory to statements made earlier in this
section. However, it should be ks L. wind that effectiveness is probably
mere realiscic din terme of franspi than diffusive vesistance, because of
the carvilinear relationship hetween transpiration and resistance. Thus, in
Figure 14 (based on data of Waggoner and Zeliteh, 19263, expressed criginally as
a linear relationshlip between resistance and the reciprocal of transpiration)
it can be seen that in the lower vange of resistances, a unit increase in
resistance results in a large decrease in transpiration, but at higher levels of
resistance (VMALH would occur at low light dntensities) it results in only a
small decreass Lo refore, din Figure 13, the amount of water

saved by ﬂntltrarqmlrdﬂt afﬁ1101‘*r would be far greater at 6000 f,¢. than at
500 f.c. .
This is ifllustraced in data on transpiration from potted cleanders growing

in a gre enhouse over periods of daviight {(about 10,000 £,c ) and at night

(0 f.c.). The results of two such irials ave shown in FﬂbJe 16, where it can be
seen that both the film forming (5~6432 and the stomata closing PMA reduced
transpiration during the day by as much as 70%. At night, the C5-R432 saved
only a few grams of water because the wagnitude of transpirvation was small (and
resistance high). PMA on the other hand, slightly increased the night-time
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Tahle 16

Effects of antitranspirants on daviime and night~time itranspiration of oleanders,
{(Means of 3 replicates)

Vater Transpired (g

=
. Triai 1 Triasl 2
Trav Night Day Right
Control 95,3 6.9 1847 G0
C8-5432 (3%} &4 .7 .7 117,73 7.7
Pla® 31,3 7.3 127.3 12,0
S.E. of Means (I} 7.7 0.7 5.6 2.9

150 ppm in Trial 1, znd 110 ppm in Trial 2
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water losses, indicating that in total dariness PMA retards stomatal closuvre.
This effect df PMA will be discussed in more detail in the section on stomata
closing entitranspitants,

Interaction with evaporative demand: Very little experimental work was
done on this partlcular interaction. The effectiveness of the antitranspirant
will depend on the jeint dunfluence of evaporative demand and soil-water potential
ont the water potential of the plant. If the evaporative demand and soil-water
supply are such that large guantivies of water are being transpired without
causing drastic wilting and stomatal clesure, an antitrawspirant will be wvery
effective in decreasing the magnitude of water lost., If, however, the evaporative
demand greatly exceeds the rate of water uptake from the soil so that the water
potentizl of the plani 1s reduced and narural stomatal closure oeccurs, the
antitranspirant will have a relatively smaller effect in decreasing transpiration.

Interaction with soil moisture: Any increase in resistance to the flow of
water from the soil into the root will cause a greater water deficit in the
leaves and conzeguent stomatal closure. As a result, the effectiveness of the
antitranspirant will be decreased. Thus, an antitranspirant will generally not
he useiul if the stomatal opening is alreddy appreciably restricted by limi:
availabilicy of soil water, Obviously, then, antitrangpirants are not a curs
for wilting, although they can be beneficiul by retarding warer loss priar
to wilting, tberubv at least delaying wilt and the undesirable effects on
plants assoclated with a loss of turgidity.

Some of the interactions between soil moisture and antitranspirant effects
cati be seen in Table 5. In another experiment, Phaseolus vulgaris plants were
kept either well watered (wef) or had irvigation withheld (drv) from the pots
in which they were growing. During the flve-day observatlon perilod the
control 'dry' plants lost about half as wmuch water as the control 'wet' plants.
The effects of CS~6432 (2%) on transpiration rates in both water regimes can
be seen in Table 17, In the "wet' regime the antitrenspirvant reduced tran-
gpiration by sbout 25%, but dnn the dry regime there was no decreass in tran-
spiration, indicating that partisl srtcsatal closure, resulting from low soil-
water potential, was as effective a barrier agalnst water loss as was the anti-
transplrant £ilm.

Table 17
Interaction between trapspiralion reduction by (£5-6432) and soil moisturve.
The degree of moisture stress is indicated by the lower transpiration rates
in the dry pots of Phaseolus wulgaris.

_Transpiration (mg dm_z daml)
tyuet ' 'dry?
Control 870 480

CE-6432 (2%) 664 498
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The effect of C5-6432 undey idrrigated and nen-irvigated couditions was
noted in an experiment with cowpeas (:_gﬁd sinensis) growing inm 5 imch pots
in a growth chamber at about 22 vo 25°C and 3000 f.c. ldght. When the plants
ware about 6 inches high, the peois weve bapged with polythene to prevent
soil evaporation, and transpivation was measuved by pericdic weighings of
the pots, RBalf of the pots were kept irrigated and the other half were given
only 2 initial drvigations; in each group half of the pois served as controls,
the other half being treated with (8~6422. Since all of the pots had been
filled uwniformily with the same quantity of soil, it wos possible to find a
"relatlouship between pot~welght and soll melsture percentage at the end of
the experiment. The effecis of the various treatments on changes in soil
moisture content during the ten dsy experiment csn be sean in Figure 13,
During the first 3 davs ol the ?per1mvn* all of the pots were irrigated
and reirrigated to 'pot capacity’ (37% soil woisture w/w), and thereafter
the unirrigated pots wers allowed to dry up to the tenth day. DBefore
spraying, the rate of soll moisture depletion asmongst the various pots was
faiyly uniform, but after spraying with 27 CS~6422 on day one, and again with
6% C3-6432 on day thres, the rates of soil moisture depletion were retarded
by the antitranapirant treatment. The average soil-moisture content in the
irrigated pots never dyopped below 307 (w/w), whereas the control pots in the
diy vegime dropped as low as 177 at the ead of the experiment, compared with
about 247% for the antitranspirant sprayed plants in the dvy regime. The
interaction betwean so0il molsture and anbitvanspirant effects from the data in
Figure 15 can he sesn wmore easdily in Table 18, which shows the change in soil-
moisture content bebtween days 3 to 5, when mild soil-moisture stress occurred
in the non~irrigated pots {(soill-mois Lure coentent equals 29.6% for controls
compared with 377 in the wet pots), and dave 7 to $ when wore severe soll-
moisture stwess occurred in the non-irvigated pors (soil-moilsture content in the
non-irrigated control equals 208.8%, compared with 37% in the lrrigated controli).
The amount of water depletion was alweys curicailed by the antitrvangpirant, and
ir is interesting to note that hatwzen days 3 to 5 the nov-irrigated coatrol
lest slightly move soil moisture (3.24) than the irrigeted C8-~6432 (3.6%).
In both A and B of Table 18 isture was saved ip phe irrvilgarted than in
the non~irrigated pots, but wh 1.6 imes more water was saved by the
antitransplrant as a vesult of drvvigat.on wunder the mild stress conditious,
2.6 times wmore watey was saved wder the more severs sivess conditions.
In other worda, the wstlter fhe scil, the mors icient the antitranspirant
in curtailing soil wmoisture depletion.

The rates of transpivation in the cowpea experiment described above are
shown In Figure 16. The ups and downs in curves are avtributed tor 1) not
maintaining constant soil meisture in the ivrigaved pots; 2) envircnmental
variation from day to day caused by occasional Cnungec in the growth chamber
temperature, humidity and light duration seitings. However, the environmental
conditions were the same for all treatments in any cus observation period,
Before treatment, the transpiration rates for the controls and the plants to
be treated with antitranspirant, were similar; the lower tramspiration rates
from the pots which were to be stressed, than from the irvigated pots, is
codncidental, The effectivensss of the (5~6432 can be seen by a decrease in
transpivation rates after the first day, under conditions which caused
incresses dn transpiration rates of the untreated pots., Thereafter, tran-
spiration rates of the wn~irrigatec control plants apd the irrigated anti-
transpirant-treated plants were sii {lar after the 6th day, indicating that
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o e e

Effects of £85-6432 (6%) and ixxigation on soil moisture depletion by cowpea
{Vigna sinensis} plants, (A) during mild soil moisture stress in the non~
irrigated potsg, and (B) during severe gcil moisture stress in the non-irrigated
pots.

Soil Moisture % (w/w)

Ratio of
bay 3 Day 5 Deple- Moisture Moisgture
A. tion Saved Saved
R {Lon-CS) {irrig/Bon~irxig)
Irrig. Control 37.0 3G6.6 6.4
2'8
Trrig. C8-6432 37.0 33.4 3.6
1.6
Non~irrig. Control 29.6 25.7 3.9
1.8
Non~-irrig, C8~6432 32.1 30.0 2.1
B. Dav 7 Pavy 9
Irrig. Centrol 37.0 31.2 5.8
2.1
Irrig., $8-6432 37.0 33.3 3.7 2.6
Non~irrig. Control 20.8 18.4 2.4
0.8

Noun-irrig. G5-6432 26.8 25.2 TLé
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under relatively mild soil moisture stvess (soil moisture content of undrrigated
control pota on day 4 was 287, compared with a ‘pot capacity' of 37Z), an
antitranspirant can substitute for an irrigation. However, after the 5th day,

a lack of scil wmeisture in the unlrripated controls curtailed transpiration to a
greater extent than was achlevad by £8-6432 in the irrigated pots. In the
unirrigated potg the antitranspirant reduced transpiration uniil the 9th day when
the environmental demand caused increases in trasspiration in all pots which
gtill had sufficient soil wmoisture; this Included the (C8-6432 unirrigated pots
{(24%Z soil moisture), but not the control unirrigated pots (17% soil moisture).
(At this time the resigtence to water vapor diffusion from the lower surfaces of
the leaves in the unirvigated controls was 7.7 = that of the irrigated controls.)
The fact that the antitranspirant-treated plants did respond to the increased
evaporative demand, suggests that the C5-6432 effectiveness wag wearing off.

It is of dnterest to note that between davs 8 and 9 the C5~6432 reduced tran-
spiration rates by 11 grams in the irrigated pots, but only 4 grams in the
unirrigated pots. This can be attributed to less soil moisture being available
in the latter case, rather than to a difference in the film itself on the ’
unirrigated plants, relative to that on the irrigated plants. If the experiment
had been continued, the treated unirrigated plants would no doubt have depleted
their soll moisture to the polnt of permanent wili in asbout a week, but the
untreated non-irrigated plants weuld already have wilted about 5 days earlier.

The effects of CS8~6432 and irrigation on resistance teo water vapor diffusion
from the cow pea leaves on day 4 can be seen in Table 19. Resigtances were
higher 1) on the upper than the lowexr leaf surfaces, 2) for the antitranspirant
treated leaves than for the control leaves, and 3) for the unirrigated than the
irrigated plantg. Once again, it should be remembered that an increase in
resistance (as by an antivranspirant) at lower levels of resistance (drrigated
vots) resultg in 8 greater reductiom in transpiration than an equal increase in
resistance occurring at higher levels of resistance (unilrrigated pots).

Table 19

Effects of C5-6432 (8%) and irrigation on resistance to water vapor diffusion
from the upper and lower surfaces of cow pes (Vigna sinensis) leaves. (Soil

moisture content {(w/w) of the variocus ireatments at the time of measurements

are also showny 'pot capacluy' = 37%

3

Yo e

- . -1
Resistance {(min cm )

Soil

Lower Upper Moisture (%)
Irrig. Control .23 .39 34.5
Tryig. C8-6432 .72 1.8% 35.5
Non-irrig. Control A2 .96 28.1

Nou~irrig. CS-6432 1.26 1.84 31.5



4,

The relationship between the effeciivencss of FMA (I150 ppm) in retard-
ing transpiration ahﬂ of soil woisture 1s {llustrated by an experiment with
oleanders growing iu a light suil in cne-gallon contalners in a greenhouse.
In Figure 17 the transpiration rates from PMA treated plants, relative to
those from eccntrol plants is plotted against decreasing pot welght. Using
a lipear relationship hetween pot welght and soil moisture content found at
the end of the experiment, it was posgible to determine the soil molsture
content (percent w/w) at the timess of observation. The moisture contents
plotted along the axis showing pot weights serve ¢3 an index for the soil
molsture giatus of the experiment. (Becauvse of the initially low tran-—
spiration rates in the FMA pois, thalr moisture contents which were not
measured in this ewperiment, were probably higher than those of the control
pots.) The duration of the experimeni wss approximately one wesk, and the
time interval between the first and second irrigations was 5 days. All of
the pots were initially irrigated, and after spraying, transpiration measuve-~
ments were made by taking diffevences in the weights of the pots aftexr
covering the soil surface Lo prevent evaporvation. PHA effectively reduced
transpiration while the soil was moist but by the time scil melsture had
dropped to 7% in the contrcel pets (theveby causing stress and closing their
stomata), tr"nvpivat‘on rates were higher than those of contrel plants wuntil
these algo exhausted theitr molsture supply. All of the pots weare then
irrigated, thh melstare content belng about 19.6% after all drainage had
ceased. UOnce again the PMA decreased transpiraticn, though not quite as
much as was observaed dnltially, under the wet soil conditions.

A slwilar experiment was carried oub with potted oleanders to note the
effects of the fiim forming sntitranapirvant C8-6432 (3%) ead the stomata closing
antitranspirants  PMa (150 pom) under wet, and progressively drying, soil
meisture conditions durding a4 ten day period. A1l of the pots weve irrigated
to ‘pot capacity’ (epproximarely 22% soll welisturs w/w) afiey spraying the
antitranspirants. Figuve 18 shows the changes in soil molsture, expressed
as percent of 'pot capacily', aver a period of ten days, beginaing with a
g01l moisture content ¢f zbout 22% and ending with sbout 7% {w/w}. Flgure 19
shows the traugpiration deta for £l same experiment, expresssd as a percent
of the transplration fram y 16 I ¥igure 38 4t will be ncticed
that the soil mm1ature dap rrol plants ceasad to be linear
by abrout the 4th day + A 'a woisture which was available at
the start of the expeviment bad bean deplatad
ing soil molsiuve contents for the (5-64

egpectively, 85% and 7537 of tha wo ;
m@nt. Thus by the 4th day, soil mpicture was becomiong a limiting factor in
the control, but not in the two antitranspirvant treatments. Similarly in
Figure 19, by the 4bh day transpivation rvates from the control plants were
the same as those frem the treated plants because of 1) partial desiccation
and stomatal cleogure in the control plants, and 2) absence of severe soil
moigture stress in the treated pots. After the fourth day, transpiration
rates of the antitvanspiraant treated plants exceeded those of contrel plant
50 that by the 7th to the 9th day their goil moisture depletion (Figure 18}
was at the same level as that of control plants. However, the treated plants
continued to transpive at slightly higher rates than the contrel plants.
Since expression of transpivation from treated plants as a percent of
control (Figure 19) gives a deceptive impression of the efifectiveness of
the antitranspirants, the actual magnitodes of trapspirarion rates for each

. At this vime the correspond-
and PMA treated plants were,
cointent ab the start of the eupeéri-~
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day have been given om the curves. Thus on day 2, #MA resulted in a saving
of 74 grams of water per plant pex day, wheresg on day 7 PMA transpired only
24 grams of water per nlant per day more than contrels. Over the 10 day
period, the total waler transplred by the contrel, (C8~£432, the PMA-treated
plants wer:s 434, 449, and 401 grams/plant, respectivaly. However, up to the
4th day, when contrel planis begau to show signs of moiature stress, the
cumiilative water losges for control, C8-8437 and PMA-treated plante were
313, 250, and 17% grame/plant, respectively.

. Intervactiosn with windt The emvirommental conditions of light, evaporavive
demand, and soil moisture just describad affect the epidermal resistances
{r ) of leaves. Wind speed, on the othey hand, affects another resistance in
the water vapor and 0z pathways, namely the boundary layer resigstance {r_ ).
Low wventilation rate s,b? increasing v,, tend to decrease the importance of
the effect of antitransplrante on rg,. However, this is only true if we
assume that no cther influence of wind {(e.g.. advection cf heat, water vapow
or dry air) becomes a dowinating factor. No euperimenta were carried out to
assess the intervacticn between antitranspirant effects and wind speed under
outdeor conditions, but the following expeviment with dichondra, usiag the
small fan inside the plant chamber to create turbulernce (and therefore
decrease boundary laver resistance), is of interest.

The treatmanits on the Jdichondra consisted of no spray {control), (C8-6432
(2%), C8~6432 (4%), P¥A (100 ppa), and PMA (200 ppm). Simultaneous
measurements were made of transpiration and photosvnthesis rates using the
method already described. Each plant was run with and without air turbulence
in the plant chamber {fan off or on), but ventilation rates Tanside the
chamber were not measured. The temperature, vapor presgsure and flow rate of
the Incoming alr stream were hept constant for all measurements. Use of the
fan inereased the rxates of transpivation and plotosynthesis by 754 and 337,
respectively for the controel plants. The interaction between ventilation
and antitraaspivant effect can he saen in Plgure 20, Tn all cases anti-
transplrant treatment decrsasad the vartes of transpiration and photesynthesis.
However, the amount of decresse wis always greater when the fan in the
chawber was switchad on {furbulent sir and wmoi% ;a} ag indicated by the
steeper silopes of the broken than of the golid lines. (A complete absence
of interaction betwesn antitranspirant effects and ventilation would have
caused the golid znd broken Iines to be pavaliel iun « Jch case.,

[

The magnitude of interactien can be seen more easily in Table 20
wihich gives data from another experimernt on dichondra involving measurements
of the wate of transplration and Phﬂhﬁ yathesls in the presence and absence
of ventilation from the chawber fan. In sach case, the effect of the anti-
transpirant, assessaed by the difference between the contyol rate and anti-~
transpirant rate, was grearer in the ventilated than in the non~ventilated
conditions. Thus, the effect of C5-£432 and the fan on transpiration (260 mg
‘fim"'2 h 1} was nearly twice as big az ite effect withour the fan (140 mg dm
h" )3 the effect on photosyntbesis was about 1% times greater with, than

ithout, the fan. In this experiment, PMA completely stepped phorogynthesis,
but the data still iilustraie the greater effectiveness of PMA under
ventilated, rather tban non-ventilated, conditicns.
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Table 20

Effects of antitvapspirants and incressed ventilation (fan) on trangpiration
and photogynthesis rates of dichondra (Dichondra repens).

Transpiration Photosynthesis
{mg dm™? he1) {ng dn~? h™l)
Fo fan  Fan Ne fan  Fau

Control £70 1140 2.80 4.00
cs-6432 (3%) 730 880 1.27 1.70
Con~CS 140 260 1.53 £.30
Control 870 1140 2.80 %.00
PMA (110 ppm) 390 _B00 ~1.23 -1.30
Con-PMA 280 340 4,03 5.3

Interactien with plant factors: Certain plant factors, particularly
those concerned with water uptake {the roots) and water loss {(stomates)
influence the eifectiveness of antitvanapirants. Stomatal distribution om
the lesves is important since the sntitranspirant will be of little benaflt
if applied to¢ won-stomatal-bearing surfaces of lesves. Thus, spraying only
the upper surface of a hypostomatous lesf with a £filw~{orming or stomata-—
cilosing antitransplrant will not affect transplration or photogynthesls.

An antitranspirant spray is, of course, effeczive in reduclng transpiration
only on those leaves to which it is appiled. Antitvanspirants will, there-
fore, have little value when appilel to plants that continue to produce

new leaf surface throughout the growlng seascn, especially if the new

growth occurs at the outer extvemities of the plant, wvhere transpirvation
rates are highest. The nalure of the leaf epidermis influances an anti-
transpirant’s effectiveness, slnce the leaves of some plant species are very
difficult to wet with arn sntitranspirant spray. Deapth of rooting often
determines the duration of water supply from roots to leaves and, therefore,
also governs the duraticn of effect of antitrensplrants.

The influence of the above wentioned plant factors on the effectiveness
of antitranspirants was always kept in mind when spraying in the laboratory,
greenhouse and field., ALl of the crchard crops sprayed with antitransplrants
in the field trials {(to be described later in this report) bear their
stomata exclusively on the lower sides of thely leaves. These trees were,
therefore, gpraved from the ground either with an orchard aprayer (at about
400 pounde/sq.inch pressure) or with a mist blower. The blast from these
sprayers was powerful encugh o furn the leaves and swnsuve wetting of their
under surfaces. Several laboratory and greenhouse expayiments showed no
effect of either a film-forming {({5-6432) or a siomate-~cloging (PMA) anti-
transpirant when applied to the upper surfaces only of hypostomatous oleander



leaves, The influence of vooting depth was noticed in a field expariment with
oleandars which were not Irrigated during the summer, but relied entirely om
stored winter rainfaell In 2 deep soil profile. After the woots in the upper
layers had exhausted most of their woisture supply, the effects of an antl-
transpirant in retarding the rate of zc¢il molsture depletion was noticed only at
the lower soil depths (4 to & feet) where deeper roots were uiilizing un-tapped
g0il molsture remaining from the winter rains.

Stomatal apertures

Stomatal apertures can be measured Indivectly by methods such as: 1) gquali~
tative observation of the infiltration of liguids of wvarying surface tension
into the leaf: the more closed the stomata, the lower the gurface tension of the
liguid required to achieve peretration, which is judged by visual appesrance of a
"grease spot'; 2) mass flow poromeiry, which involves the measurement of rate
of penetraticn of air under pressure through the leaf; the more open the stomata,
the less the time reguired for a given presssure drop; 3) rate of water vapor
diffugion using a rate hygrometer described eariier in this report. BRirect
measuremenis of stomatal aperture include: 1Y dmoression of the leaf with
silicone rubber which 1s coated with celulose acetate to obtain 2 clesr "positive"
Imprint for viewing under the wiciozcope; 2) microscopic examination of the
epidermis aftexr stripping it from the lesf.

Because of its qualitative nature, the infiltration technigue was seldom
used. Since film antitranspirants hindered the iInfiitrating liquids, this
technique was rastricted to leaves which were either untreated or treated with
antitranspirants of the stomata-closing typs. Tn field expeviments with almonds,
the infiltraticon technigque {using molstures of iso-propanol and distilled watex)
d1d not show largs differences in stomatal opening between leaves from unsprayved
and PMA sprayed trees, but did show differences in degree of stomatal opening in
the course of the day between sunyise and aunset. In laboratory experiments,
mixtures of fso-butancl and ethylsne glycoel, were useful in deteriming the effects
of PMA on stomatal closersz of excised o'eander leaves, The tachoique helped to
confirm other data (to ba deseribed later in this report) which indicate that
PMA not only retards stomatal ovening, but z2lss yetavds the rate of stomatal
closure.

Before acquiving the zate hygrometer (also known as a diffusion porometer,
since ir measures thae rate of water vapor diffusion from the leaves), a mass flow
porometer, similaer to the Uype designed by Alvim, was uvsed to measure the effects
of an antitranspirant on leaf resistance., The time required for a pressure drop
of 20 mm wercury on the pressure gauge was taken as an index of the resistance
to the passage of air being forced through the izaf, The half leaf technique
wag used to assess the effects of antitranspirants on cohton {(Goessypium hirsutum)
growing in pots in & greenhouvse. One-half of each lzaf waz uzed as a control
(painted with digtilled water plus ®77 surfactaut), and the other half was treated
with either PMA (110 ppm) or £3-8432 {(2%). Porometer measurements were made on
the lower surfaces of the leaves of & pots, using two leaves per pot, 1.e., a
total of B readings per treatmeut. Both the PMA and $8-6432 increased resistance
to the flow of ailr throupgh the leaves, as indicated by the lounger time required

for the given pressure drop (Table 21).
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Isble 23

Effects of PMA (110 ppm) and C5~6432 {2%) on the time required for a 20 mm Hg
pressure drop, using a mags flow porometar on cotton (Gossypium hirsutum) leaves.

Ireatment Time (sec.) .
Control 25 100
PiA, 56 224
Control 32 100
C8-6432 &1 1681

Sufficient data have already Dbeen presented on the use of the rate hygrometer
which measures reslstance to diffusicn of water vapor from leaves, rather than
resistance determined by & mass Flow of alr through the lesves.

The sfiicone rubber method was more useful for determining the stomatal
distribution than for accurate measutrements of stomatal apertoere. Direct
microscople measurements of stomatal aperturea, as affectad by antiliranspirants,
were therefore made on epidermazl strips. Stomatal aperiures were measured o
determine the influence oun them of humidity, light intensgivy, transpiration,
watar stress {with and without a7 treatment) aad the degree of £lim coverage.
Sugar beets, cleander, srap beans, zebrina, sadum, and fava bean
were screened as possible test plants. The fivst three did pot yvisld epidermal
peels, whereas the latter three did. 7The stomata of the zebrina aud sedum were
unresponsive in the fest conditions, so the fava bean (Vicia faba) was chosen.
The aperture readings were made from epidermal striss of elither intact laavas
or leaf disecs. The discs wera taken with a & mm diameter cork bhorer and floagted
in small petri dishes of liguid for tvectment. BSolunions of Tris-Maleane-Call,,
10™"* M CaCly, 10™% M KC1, and double distilled H,0 (DDW) were teated. The
greatest apertures were achieved on XKCL, #o it was freguently utilized., Adeguate
opening was achieved on DIV and was often used for contrel discs in comparisous
with PMA, Normally, the lower epidermis of the leaf was used as the test surface.
When treating fleoating discs, 1% was necessary to have this sneface in contact
with the PMA solution. ¥f the tyeatment had bhesn applled bpo the intact plang,
the dises were generally fleated with the trested surface away from rhe liquid,
although it wag not essentiszi. The stomata on the fleaiing discs were found to
be much more responsive to light intsnsities than those on the intact leaves.

The illumination was much more wniform on the discs as they all fleoated at the
same level. The stomata freguently, but not invariazbly, opensd more rapidly and
to a greater ultimate aparture, if the petri dish had a transparent cover.
Convenience in the experviment deteramined whather covered or uncovered dishes were
used. Measurements of the aperiures were wmade as nearly as possible in the center
of the disc te avoid calls damaged by sampling and treating techniques.

.
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In the section on antitvaunspivant application esrvlisy in this report
it was ghown that the stomata on spidermal peels of Vicis fabas wexe affected
by ¥MA treatment, whether the trestment was made in the light or in the dark.
Another expariment with Vielas faba epidermal stvips was done to determine the
minimum contact time with PMa for stomatal closure to occur. Seven groups of
leaf discs were fleated in Z00 ppwm FMA sclurion for 7 diffevent tiwmes, ranging
from 2 time (control) to 5 winuiesg, before floating then on 1M KCL in a growth
chambay at 3000 fc. They were than put inte the dark for 12 hours, and then
again in the iight at 3000 fc for % hours, a: which time the epidermal strips
ware taken for micrescopic wmeasurements of stomatal apertures. A conitact time
of ag little &s 5 seconds was all that was nzcessavy for the 200 ppm PMA to
sifectively reduce stomatal apertuve (Figure 21). Other date suggest that the
minimum contact vime for ¢ffectiveness of PMA increases as PHA concentration
decreases, I was also noticaed that the stowatal apertures of leaf dises
fleating on PMA solution are affescted only on thse epidevmis which iz in contact
with the solution, i.e., the PMA is pot transiocated through the leaf to the
epidermis not in contact with the solution,

In the analysis of some of the theoratical aspects of antitranspirante,

it was postulated that an antivranspivant file on a l=al may actually decrease
the resistance of stomaha i ing me@mi&l: d it, df.e., incresse stomatal
apertures, as a vesult of the increassd yJ e*?wfx of

from the gutityanspivant trestment, This % ed on Vio

avowing in well waterdd pots in a growth chamber at shout

and 2800 fool candles light, Monileaf {1:%) was applied to_za ia "aba \QGVOb

and, after the film had dried, stomatal measurements were made on p«dermd}
peels under the microscops. pﬁﬂlv included the Mobileaf filw which was
sufficiently transparent to ced wassurement of stomatsl apertures.
Stomatal cbservations ware al mads onp epldeymal peels feom untcezated leaves
{located at the same node on the stem as the trosted § irty-six gbomatal
measurements weve made Tor each rreatment, comprising strips fiom & leaves with
6 wmeasurements o 2ach sivis, Table 27 shows fhat % wwa ﬁ?anrv *ﬁe
avearage stomatal aperture underneath the Mebiloas:
tran that of the untreated lsaves. !
celliz) were also iuwcreased. Tor s apertures under
the filme were increagsed five fold. 5 i da noticed with

the f£ilm antizravspirant (8-6432 (270 when Yicia Faba leaves. In
this case, half of each leal was i i ':m“&:,u the other half beinpg
vntreated contrel, Leaf discs om the trested and untreated
haives of the leaf and flogied in 0.1 M KIL in arod perryi dishes at 2300 foot
candles lighr, Asother set of mwasurenwents was wade on discs which were kept

at only 150 foot candles | Lal apert were increased under the
C8-6432 film in both of ighting cenditions {Table 22

unninde

v OWRT near iy

huaid
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LG tlﬂu‘3£\hﬁ

Thus by increasing stomprtal apsriures, an antitranspirant film tends o
defeatr its own purpose, making 1L even move ismporisnt to bave 2 high resistance
Lo water vapor (o mainfain its eifectiveuness. Wider sucomatal apaviures uwnder
the film should &lse offer less resistance to the entry of carbon dionide.
However, with presently available waterials, the relgtively low CO» permesbilities
of the fllms, rather than the stomatal apertures, ars the vesal JLwlr?ug factors,
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5k,

It shovld be rememberd that the stomata are not 'glued' open by the over-
iying film, and that they do wrewain functienal in their respoanses to stimnli
such as light, as poiuted out in the data of Figure 13.

Tabie 22
Effects of film antitranspiranis on apevtures and total widths of the stomata
coverad by the £ilms Measurements were wade on epidermal peals from Vicis faba
leaves growing undexy various envivenmental conditions.

Antin Gondi- TLighe Aperture {(microns) Width {micronsg)
transpirant rion {f.a} Control Treated Control Treated

Mobileaf {1:5Y Watered 2300 4.6 11.9 31.4 39.9

Mohileaf {1:3} Stregsed 2300 1.6 9.6 27.8 38,9

36.9
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In the experiment on the wmeasuyrsment of stomatal apectures of Yicla faba
ieaf discs dogowibed, wmeagsorements were also wmade of resistance Lo water
vapor 4iff From those aveas ¥ the leaf which were to have their zpideruises
stripped for stomatal obsayvation., Theae oata were then used to plet the inverse
relavion between stonatal apertuve and diffusive resletance {Figeve 223, The
curves for the untreated and film treated lsaves ars Llar in shape, but the
Latter is shifred to the right, andicating sk at a given resistaonce the
apertures are aiwave widex undew the film, in the absesace of 2 filwm. The
shape of the curves also suggests that whe satal aperitures are wide, & unit
decreases in aperture results in only a i ease in resistance, but
when stomatal paertuves are nparrow, a unii decvesase sperture vasults in a
relavively large increase in resistance. Thess dats ave hased on relatively

few measuremenlis, and further iavestigation is veguired to schetantiate the
valaticonship between stomagal paevture, rezistanvce and transpiration, and the
effects of antitranspirants of the stomata closing and filw forming tyvpes on
thege relationghips,

Stomata Closing Anticranspirants

Effects of phenvimercuric acetate {(FMAY: COther workers (Zelitch and
Waggoner) have pointed out that stomats clozing antirvanspirants, such as PMA,
preveant the guard cells from attaiving complefe turgidiry, zad thereby raduce
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stomatal aperiures, transpivation and phetosynihesis., However, Mansfield
belicves that PMA way aslso affect stomatal apertures Indivectly by adversely
affecting photwsynthesis, resulting in a £0, build-up and conseguent stomatal
closure. It is noik within the scope of this report bo investigate the bio-
chemical reactione involved when a stomatae-closing antitranspivant affects the
guard cells. Bowever, various effeots of antitvansplirants observed by others
have been confirmed, and some wew aflfects, oot reported in the literature, have
been found and will be presented hore.

i

In the lest section, it was pointed ouf that only a short copntact time
between epldermis and FML solution is required for effectiveness, and that the
affect is localized. The effects of PMA of different concentrations on trans-
piration, photesynthesis, vesietance, asnd leaf temperature under various
environmantal conditions have been 1liustrated esarlier in thig report.

In the vourse of the experimenks with gugaxr beets on the interaction of
antivranspirants with Light (see section on intevactions sarlier in this repernt),
it was wnoticed that PMA not only rvetavds the vate of stomatel opening as light
inereases, bur also retards the rate of clesur2, as iight decreases. Thus in
Figure 234, PMA (150 ppm) retavded stomstal opening {indicated by the higher
resistance of treated than contvel leaves) 30 minutes after transferving the
plants from dark &o 1000 foov candles, end then preogressively to 2000 and 4000
f.c. kight., However, when, the light wis again reduced vo 1060 f.c., the
stomatas of the control leaf surface rezponded wore rapidly (steep increase in
resistance)} than thoss of fhe PMA treated leaf. Thus, for the final half hour
of the ohservation period (av (000 f.z.) the vesistance Lo water vapor diffusion
was lower for the FMa tveated scerface than for comtirol. In Figure 23B, similar
regults were abiained ing PHMA {200 ppw). Tn this cage, the Llight level was
reduced progregsively e 4, B00 o 1,000 va 150 fio. As expected, there was
a rapid increase in ve rance at the lowesz light level for control leaves,
but the PMA~treated lesves showed a relatively small increase in resistance.

In othex words, PMA retarded stomatal closure,

The Fivst indication thay PM4 retavded stomatal closure was noted in an
expariment with cleander 1965,  PMA {120 ppwm) wes spraved on the upper
and lower surfaces of lant in ihs senhouse., A similar
group of leaves was sp EiLy sntitrangpirant (Wilt Pruf, 1:3),
and a third group was rrayed controls. About 1% hours later, each leaf was
cut from the plant, weighed fumedintely {to the nearest O.L mg), and then placed

at a 43° angle, with the undey & in & growth room at 24°C, 40%
relative humidity, and 130D foot--asudles of light. ‘'the leaves wave periodicaily
welghed to devewming warer less, and the resulting trapspiration rates were ex-

preszed as mg IO dm © Bt {Figure 24). The PMA and Wils Pruf slowsd transpira-
ticn by about 30% initially, and then transpiration of contyols and Wilt Pruf-
treated leaves dropped sherply, procumably from stomatal cleosure since the leaves
were detached fyom their water supely. Water less from the PMA-treated leaves
however, declined enly slightly, suggesting that stomatal closuve was inhibited.
Thus, befween excisicen and the end of the experiment, Wilt Prui-treated leaves
lost 10% less and PMA-treated leaves, 6C% mors watex per unit of leaf avea than
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Figure 24: Effects of PMA (120 ppm) and Wilt Pruf (1:3) on transpiration
rates of excised oleander leaves. (The verticazl iinés show 7 standerd
exrors of means at each observation point.)
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did the contrel leaves. The of transpiration of the PMA treat-
ment were significant at the level, The stomata undey the film
of Wilt Pruf weyve appareutly as functionsl ag those in the ocontrel leaves, so
that one hour after exgision the filwm gave no additional conservation of water
over that provided by stomatal closure, Thiec also suggests that cuticulax
transpiration, which the £ilm should curtail, was not large.

Cleander stomata occur im groups of 2 to 2, in sunken pockets, and are
exclusively on the lower suxfaces of the lesaves. To confirm that the fasterx
transpiration from excised lesves observed in the last experiment was due to
the effect of FifA on stomata vather than on the cuticle, PMA {120 ppw) was
sainted on intact leaves in a greenbou g follows: both lower and upper
lezf surfaces tyeated; only lower surface freatad; only upper surfage treated;
gnd centyol, i.e., ud treatment. The leaves werve excised LY hours later, and
transpiration rates were determined accovding o the procedure desceribed in the
previous experiment, iment confirmed that with excised leaves PMA~
croatment results in i s uspiration rates than in controls,
but this cocurg only 1f the stomata bearing surisve is treated. Thusg, leaves
which bad only their upper surface uveated rasponded sgsenilally the sgsune as
control leaves, 1.¢., there was normal stomatal olosure and reduced transpira-
tion, indicating that the efiect of PMA was on the stomate rather than on thae
cuticle, Another interestin vation wag that about 10 hours after exeoision,
leaves which had their lower surfsces treated with PMa weve vizibily drier aud
began curling because the preventlion of stomatal closure resulted in theix rapid
desiceation. Thus, at the end of the experiment feaves had lost about

90% more water per unit lead avea than condrels. A thizd experimant with excised
cieander iecaves confirmed the effect of PHMA fn wetavding stomarval olosurxe, and

showed the effect to ocoeur with 200, 150, and 100 ppm PMA, bat not with the
PMA solvent {distillied warer plus 4% ethanol plus 0,10 X-77 auvrfactant) by iltself.

3
<

2

Since PMA inecreased walter loss from ewcized leaves by oreveniing complate
stomatzal closure, the next s 1§ the same offect could be cbgerved
with intact oleander plante duxis clogure in che
dark. The oleanders weve grown ia a greenhouse in weli-wateved pne-gallon cans
enclosed in plastino hags o prevent evaporabion § ' fi. Tracspiration
rates during the day and night were devevmined from weighiungs ar sunrise and
sunset. Before (reatment, ail the pots were measured
in a wniformity txial go that inbevent differncces beiween planis could be
winimized by statisztical dazig ants wers then gprayved witin 1) distilled
watey + 0.1% -7V (control); {35y, an experinental filw-foraming
antitranspirant; ov 3@ PMA (130 ppw). Bach creatwment was rvoplicated three times,
The results of two such trials are summarized in Table “A.  lr both of the tyials
the antitranspirants greatlv reduced vaplration {(by 31-68%) during the day,
but at night only the film~-forming sntiiranspicant reduced water loss, and by
only a small zameount. On the other hand, PMA incrgased transpirabion at aizght
by 22-33%, although that exira water loss at night was very smali comparved with
the water saved during the day. These data provide further svidence that PMA
prevents stomata from closing asz muel s3 untreated stomzta.

it of




The premise that PMA vatards stomatal clesure has, so far, heen based on
transpivation rather than stomatal studies, Since the susken stomata of oleander
leaves are difficult to exawine, the infiltrasion teclinique using Lso-butanol
diluted with -ariotue amounts cof ethylene glveol, was uged in an experviment with
excised leaves. Peviodic measvrements wmade 1~0 hours after cutting the olsander
leaves indicated that the stomata of PMA-treated leaves were slightly, though
congistently, wore cpen than those of control leaves.

A wore direct test of the effaects of PMA on stomatal behavior was made
using epidermal peels from the lowsr surfaceg of Viecia faba leaf discs. HMicvo-
gecopic examinztion of the peels fvom the disces after ‘he} hdﬂ been fleating with
their lower surfaces in contact with solutions of 10 *M KCLl or 100 ppm PMA for
2 heurs in the light, showed “%?ﬁ A had reduced stomstal gpertures by abouf
50% {(Table 23y. ALl of the z {including those zreated with PMA) were then
fipated on fresh L0 4M KOY ns and placed in the dark for & hours. At
the end of that time, mi»id%fﬂplf exgmination of epidermal peels showed that
controel stomsta had clesed appreciably in the dark whereas PMA-treated gtomats
were nearly Lwice as oven as contvols in the dark, &tomatal apertures are
continuously changing over limitasd rangss both in light and dark. Therefore
it ig probably only fortuitous that PMA-treated leasves showed the same aperturs
in dlight snd dark {7 aaiw 23 . In other words, PMA dees nor "fix’ stomatal
apertures,

Xable 23
Effecc of PMA on stowatal aperiures of Vicia faba lesl discs alier 3 I iuw

(e

Light followed by 4 h io darvk., {(Baszed on 5 replics:

After 3 hours Afrer 4 hours
ive dark
Controal 15.72 3.9

PMA (100 ppm) 7.0 7.1

5.5 of Means () 1.3 Loh

5

Snap besns (Fhaseolus vulmarie) wers grown in 3" pote, fertilized with
Hoagland solut:On, and crogth chamber at 62°F. 68% relative humidicy,
and 2500 f,c. of lighr. two primary leaves were used, with sl secondary
leai buds nipped out. { laced over the scii surface te eliminate




pvaporaticn, and 8 such pots were weilghed pericdicaliy to determing frangpiration
(g HQGfduF ileaf avea) in Light snd dark conditions. Afier pre-treatment data
were obtained on variability in water use pey pot, four of the plants were treated
with PMA (140 ppm) . Table 24 shows the data, expressed as transgpiratica from

YA relative to that from contrel,

The uniformity of the plant waterial pricy to treatment is indicated by
ratios of trapnspiration {(PMA/Contrel) near unity, both in light and in the &
After treatment, MA cauzed a 167 reduotion in frenspiration in the light on
day 2, and an ui reduction in the dark., I wag thought that the retarvded tran-
apiration by TMa in the dexk might be due ute high night bumidity {(80%) o the
groweh chamber, which might csuse the stomata of contrel leaves to close to a
izsser degree. Therefors, on day % the humidicy was lowered to 33%.
Thereafter, dark trarw01raixon Wag gres fvom PMAi-treated leaves than from
control leaves (P < 2,01}, but PMA conilnued to vedoge tvaunspivation during the
day (P < 3,013, Oceasicnal REASUTEMEDT S of diffusive resistapcs o waleéyr vapor
from the lower surface of the Phageclius leaves, mads with the vate hygromster,
showed that: 1Y stomata of both ?10 control and the treated leaves did aot
close completely in the dark; and 2) at low wight humiditvies, PMA reduced dif-

o

fagive resistance as much as 60% helow that of controls in the dark,

In another expe vulgaris, transpivation and diffugive
registance in lighr und davm ruﬁoig’ons wore measured more fraquently. The
technigues used weve as in the pre“’ expaviment excepnf that tranapiration
wzs baged on only one pob ' nhrol and PMA {170 ppmy. Diffusive regist-
ance was measwvwd on the surfaams ui the two leaves of narh pot. Tempera-
ture in the wmbey was maintained at S3%F, and ¢ 50%
during th 35% during the dark peviod, A decress eé frangpira-
cicon mark and tended to inersase 16 elightly {n the
23)., Ovn the o] rended £o dnorease vegsistance values
and deeressed them in Lhe dovk, In &h
transpirafion curves i iared with =
resistance curves. Simid i

4
A
2.4

2
3
AL

the resistance curves g ' gla ) TG renoa
tranqw:raclov curves. Thisz suggests a curvilinear relation between fvanapiva
tion and resistance of the type shown in Figure 14,

Figure 256 gives a wors detailed picture of the effect of PMA on leaf re-
sistance to waterv-vapny diffusion, In these sxpervimenta, half of vhe bean leaf
was lefy untreated, and the uvpper and lower suxfaces of the othey half were
treated with PMA (120 ppm), fhe nidrib heing the boundaxy beiws control and
treated. ¥Four repl. 2 of such leaves were used. Stomatz cloged wore in
control halves than hc PMA«treated nalves within the Tix cee-half houy
after the onget of dpw“ - sments at 1-2 hour intervals throughoun the
night showed fhat Prs continued prevent complete stomatal cleosure in the dark
{(P< G.01}, and alsc pravented cowm the lights were switched on,

¥

Sy

L

he epaning when



Table 24

Effects of PMA on transpivation of Phaseclus vulgaris in light and dark conditions.
{After the second day, the night humidity was lowsred from 80% to 33%.)

Fre-ireatment Post-treatment

20 68 80 £8 3 85 23 52 22
D L D L 1, L D L D

Relative ftrangpiration
(PMASConrral} 1,01 1.04 84 L 92 .67 1.26 .83 1,30 L R3 i.61

58
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It is emphasized that prnvrnthﬁn of cowplete stomatal closure dn the dark
by PMA doss not cancel the efficiency of this chemical as an antitranspirant,
since vnder normal conditions day-time gavings in transpirvsiion greatly out-
weigh the increased night-time losges of watey, which are usually relatively
small. Perhaps the grearest disadvantage of PMA {s its heavy wetal content
and the possibility that repeated sprave would accumnlate mevcury in plants,
the soil, and the ground watew Syﬁﬁem and may eventually result in animal
toxicity, If partial stomatal closure occurs naturally during the day in
untreated leaves because of reduaeu light or low plant water potentials (induced
by drying soil and/or dry air), PMA may preveni stomata of treated lLeaves from
closing to the same euxtent. This should resuli in increased vates of transpira-
tion 'and photogynthesis. Thug, the smaller reductions in trauspiration and
photosyathesis by PMA from plants ia dry Chan in wet soll, which have been
observed by various workers, mey have been caused partly by an improved plant
water balance snd parvtly by direct prevention of stomatal closure by PMA.

Effects of alkenylsuccinie acids: Zelitch of the Convecticur Agricultural
Eyperiment Station listed a number of chemical inhibitors of stowmatal opening
amongst which were cexvtain allenylsuccinic acids. These materials probably
prevent stomstal opening by causing the plasma membranes of the stomatal guard
nells to incresse in permeability so that they lose tuyrgor. Alkenylsuccinic
acids and their derivativeshave the basic strvcture CHy - {Sﬂg}n ~ GH =
CH~CH, - CH(LOOH) - CH,CO0H. Zelitch pointed out that since even partial
neutralization of the carboxyl groups to form scedium, calcium, or ammonium salts
results in a loss of stomatal closing activity, it is essentcial to use distilled
water for prepaving the golutions., He found that the free dodecenylsuccinic
acid did not always bring about stowatal closuvre when used as a spray, whereas
the monomomethyl ester of decenvisuceinic scid was veliable in closing stomata
and reducing rtranspiraiion,

The following alkenylsuccinic acids were spraved on pots of dichondra
(Dichondras repens), and their effects on rates of franspiration and photosyanthesis
were determined by the metheds already deseribed: 1) noneayisuccinic acid,
2y n-decenylsuccinle acid, 3) dodecenylisuccinic acid, and 4) n-dodecenyisuccinic
acid, Each chewmical was sprayed, along with the surfacrant X-77, at rates cof O
(control), 100, 200, and 400 ppm, In Figore 27 the rates of transplration and
photosynthesis (derermined as mg L0 or CQ, aw ® WYY are exprassed in relative
unitg, taking contyol as 100, @Dﬁ“ﬁ}laﬂLFTHﬁP gc11 reduced trangpiration and
photoaynrh.szu almest propovtionately, the greatest reduction being about 30%
with 200 ppm. With incressing concentrarion of ne cJﬂanylaLceLuLL acid, greatex
reductions in transpiration occcurred with 2 wmeximum rediction of nearly 50% at
400 pom, However, paradoxically, there was no decresse ln photogynthesgls at
this concentration. No explanation fox this can be offersd, particularly since
these experiments were unreplicated. However, because of this surprising obser-
vation, measgsurements on his plant were epented and similar results were obtained.
Dodecenylsuccinic acid at 100 ppm gave a 204 reduction in tramspilration with no
reduction in photosyatbesis, wherecas the 200 snd 400 pom concentrations reduced
both transpirvation and phufo svnthesis., N-dodecenylsuccinic acid appeared to be
gffective ss a transpiration vepressaant only at 100 ppm, and not at higher concen-
trations, butb photogynthesis was reduced by 10 te 15% at all concentrations,
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The somewhat ervatic effects of various concentvations of these alkenylsuceinpic
acids confirms the obsexvation of Zeliich thay not all of these materials are
completely reliable, ond suggasts the need for further investigation with
replicated experimencs. The indlcation of greater veductions in transpiration
than in photosynthesis for ot least some of the data in Figure Z7 shows some
promise for the use of these nmaterials as stomata closing astitranspirants,
From a theoretical point of view, discussed eavliexr in this report, a greater
reduction in transpirvation and photasyntbesis is to be expected, provided no
phytotoxicity (eor increase in mesophyll resistance) oceurs. No phytotoxicity
was, in fact, observed in these trials on dichondra. The requirement of alcohol
and distilled water ag solvents for alkenvlisuccinic acids increases the price
and incomvenience in the preparation of large quantities of spray. However,
the absence of any heavy metals (unlike PMA) increases the range of usage of
these materials, although wammalian toxicity trials have not yet heegn carried
out with alkenylsuccinic acids,

Since stomata closing spravs arve effective in extremely dilure concentra-
tions, they may be expected to be less expensive than other antitranspirants
if their unit cests do not appreciably exceed those of other tvpes of materials.
For example, PMA at 10 cents per gram used at the rate of 15 grams/acre (diluted
in 100 gallons of water) would cost only $1.50 per acre. Howevey, as already
pointed out, the mersury content in PMA prohibits widespread, and parvticularly
repeated, use of this chemical., PMA therefore serves a more ugeful purpose as
a laboratory research tool in helping to elucidate questions concerning stomata.

Plant Water Potential

Beveral methods exist for the measurement of plant water potential or some
index of it. Ideally, the wost accurate method is the best one, but the criterion
for selection is usually convenience, particulsrly for field measurements., In
this study an index of plant water potential was obtained by 1) the relative
water content method, and 2) the pressure bomb method, both of which were amensable
to field ewperiments. Bince most of th.se data will he presented in the descrip-
tion of the varicus field experiments in the gacond part of this report, only
a few samples of data will Dbe precenited heve:

Since the water balance of a plant depends on the relative rates of water
uptake and loss, and since an antitranspirant decreases the latter, an improve-
ment in the water balance (and therefore rthe water potential) of the plant is
expected. Thus, after application of an antitranspiraat to the foliage of fruit
trees, it was found by dendrometer measuremenis that the day-time shrinkage of
the tree trunks (2 normal phenomenon resuliing from franspiraticn exceading water
uptake) was reduced by about 30%. Thus, the water potential of the tree as a
whole was increased by antitranspirant tregtment, although the dendrometers pro-
vided only an indirect measure of this.

Relative water contenit: This measure is also called'welative turgidity’
and is the ratioc of the water content of a leaf at the time of measurement, to
the waximum water it can hold, expressed as a peroentage.
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Leaf discs were weilghed after sampling, fleated in distilled water at about
40 f£.¢. light for at least €& h, re-weighed to obtain rurgid weight, and finally
dry weighted.

The relative water contents of alwond leaves from antitranspivant treated
treeg, sampled in the late afternocon were alwayvs 4 to 7% (actusl RWC values)
greater than those of untreated trees, the effect being noticeable even 2% months
after spraying. Similarly, treatwent of oleander (Nerium oleander) plants along
the freeway with PMA (110 ppm) or CS~6432 (3%) resulred in increases of 2-3% of
RWC vailues. Lt should be kept in mind that the effective range of relative
water content for most plants ds faivly small (60 - LOUZ) and that a small RWC
increase can be eguivalent to a relatively large plant water potential increase,
dapending on plant species.

When assessing the effect of a £ilm antitranspivant on RWC, an ervor may
arise from the technique itself, resulting in an under-estimation of RWC of
film-coated leaves. This was found in a recent experiment using Mobileaf (1:53)
on oleander leaves when no increase in BWC was observed as a vesult of the
treatment. It was postulated chat in the process »f floating the discs for
determination of turgid weights, water was not only being absorbed by the leaf
to £ill dts deficit, but wasg also bheing takern up by the Mobileaf film on treated
discs, resulting in Ligher turgid weights, Examination of the RWC equation
above shows that an increased turgid weight (denominatory) would result in a
decreased valve for RWC.

This hypothesis was therefore tested in an experiment with well watered
oleander plants growing in pots in a greenhousse. Mobileal (1:5) was painted
on several leaves of a plant, leaving & corrvegponding leaf at the same node 2s
a controel, thereby eliminating variatieons in wyelative wateyr content which may
be caused by leaf age or position on the plant. Four replicetes were used,
each rveplicate weighing consisting of 12 discs. The relative water contents of
antitranspirant treated leaves were about 6% {actual RWE values) lower than
controls (Tahle 25). The veason for this can be geen in the sgoond column where
the water uptake (difference between burgid weight and fresh weight) was about
7.6 wg higher for the Mobileal treated dises. T was also postulated that the effect
of water uptake by the film would he relatively less important if most of the
uptake were to occur by the leaf, i.e., by using a leafl with a large deficit.
The same experiment was therefore reprated wiith stressed oleander plants. In
this case relative witer gonient was reduced by 3.3% {actual RWC valuez) by
the antitranspirant, and water uptake wag increased 7.6 mg, i.e., by about 174
compared with 77% for the unstressed plantcs.
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Zable 23

Influence of an antitranspirant £fiim on relative water content {(RWC)Y values
and water uptake (U) by discs of olesnder (Nerium oleander) leaves., (U =
turgid weight minus fresh weighv.)

Unstressed Stressed
RWC (%) Ulmg/ 12 discs) RWC (%) U(wg/12 discs)
Control 30.8 10.1 59.6 45.7
Mobileaf (1:5) 84.9 17.7 56.3 53.3
Diffevrence 5.9 7.6 3.3 7.6
% increase in U 77% 17%

A decrease in relative warer content might also ocgur if the antitrangpirant
decreased the fresh weipght {numerator in the RWC equation). However, the average
fresh weight per disc of Mobileaf treaved discs was §.2 mg greater than that of
controel discs, sc that decreased RWE could not be attributed to any effect of
the film on fresh weight. The only other possible explanation fovr the observed
decreases in EWC by antitranspirant treatmens, le that they are real, and that
the increased water uptake by tha treated discs was due to a greater deficit
in the leaf, rather than hecause of water uptake by the film itself, However,
gsince numercus other data indicate that gntitranspirants asctually ineresse
plant water potentials, this is an unlikely explenation, Furthersore, when a
thin layer of Mobx:ezf was coabed on glass coverslips {an inert medium which
did not take up water itself), hcso was 4 copsistent increase in weight, after
scaking in distilled water, Loy those glips which were coveved by film, but no
change in weight for uwncoated siips., T theyefore, substantiates the hypothesis
that the f£ilm iteelf takes up water and giveq the artifact of decreasing relative
water contant as a resuli of antitravepivant application.

&y

Pressure bomb: e thed congists of ineveasing the pressvre around the
plant tigsue, e.g., 2 1, until xylem sap appesvs at the end of the peticle,
which exte nds subside the chamber and is exposed to atmospheric pressure. The
pressure necessary fo retain this condition is a function of the water potential
of the leaf cells., Most of the data on waver potential as wmeasured by the
pressure homb have been collected in field studies, using leaves and fruit of
varioug orchard crops, and these dava wiil be pressnred in more detail in the
gecond part of this veport, The investigstions usually involved measurement

of resistance te water vapor diffusion frow the leaves (uging the rate hydrometer)
while still attached to the tree, followed immediately by a pressure bomb rsad-
ing on the sa2me leaf afrer detachiung it from the rree, A sample of such data
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in each case th
resistance to water vapor diffusion a hereby increassd the water porential
of the leaf, if.e., values were less negative. Lt ghould be kept in mind that
the water potential values ghown dn *Mig table are actually only estimates of
the hydrostatic or matric forvees in the luatact xylew, and do not include the
component of solute potentisi. Furthermorve, the relation betwsen presgsure

bomb values and water potential (measured pavehrometrically), varies wich plant
species. The pressure bomb values presented are therfore only an index of
water potential, but the method provides a very convenient means of assessing
the effects of antitranspirants on the water status of leaves.

ie shown in Table 26.
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film antitranspirant {increased the
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Xfable 26
Effects of film antitranspivants on resistance to diffusion of watey vapor
{measured by a rate hygrometer) and on leaf water potential {pressure bomb
values) of three orchard crops.

Tree Resistange Water Potential
{min qﬁ;g_ {atm)

Prone Control .03 -9.5
£8-6432 (Y4 .15 ~6.,7

Peach Control 06 -15.0
SH~8432 {15 11 ~10.4

Apricot Control LG7 -29.0
Mobileaf (1:%) 30 ~19.0
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SUMMARY OF BARTC TRVESTICATTIONS ON ANTIVRANSDIRANTS

Before embariking on any extensive fleld with angitvangpirants,
certain hasic infeormavion concevning the mate theiy application, effects,
and interactiong with spvironmeni are regquire Materials sre procured From
variocus cooperating Companies after gneciiving the required properties and
effects. E&pray application of the ptranspirant is uveswvally the wost convenient
metbod, but the amount of foliar coverage by the apray can be alfected by
environmental factors {e.g., dryving conditions)., the nature of the leaf surface,
and the wetting agent preseni in the spray. The degres of goverags on a leaf
surface was assessed by viewing under black light afrer incorporating a filuores-
cent dyve. A morve refiined rvechnigue favolved observation af the stomatal level
with the heip of a Scaoning RElsctron Micrescope. Lomplete coverage by a filam
is not always desirable, but partial coversge may slighily incxesse water loss
from those poriiong of ?1n teal not covered by the sprav.

jasd

In general, antitranspivancs reduced both tyanspivation aud photosynthesis
rates by iucreasing the resistances in the water vapor and carbon dioxide path-
ways. EBecause of cther wethods of heat dissipariocon, the reduction of evapora-
tive ccoling by an antitranspirant ralsed Lleafl tewmperatures only slightly. Fhe
duration of effectivencss of an antitrvanspirant was variable depending on plant
gpecies, method of assessment, and envivenmental faciors; the efiective duration
varied from two days to two months. Preliminary trials are alwavs required to
determine optimm concentration of antitrapspirant for a particular species to
obtain the maximun effect with the winimum phytotoxicity. The optimum concentra-
tion varies with plant species, envivonment and the specific purposs for which
the antitrangpirant is to be used.

Both theoretical and expevimental svidence zhow the vavious interactions
of antitranspirant effects. The maverials are likely to be wost effective in
decreasing transpirvation under conditions wblch nowially dead to wide stommtal
opening, 2.g8., high light intensity coupled with factors which rzise plant warer
potentials. High wind speeds decyease _oundaxy leyer resistance and therefore
increase the effectivencss of an antitranspivant. Plant :actoxs such as
stomaral digstribution and yooting depth giso iunfluence the performance of an
antitranspirant.

sntitranspirant effects on stomata were judged indirectly by porometry
{mass flow or rate hydgrometcer), and directly by microscopic wmeasurement of
stomatal apertures from epidermal peels. The relationship herween diffusive
regsigtance and stomatal aperturs was determined. It was found that a film
antitranspirant, by increasing plant water potential, acrually inereases the
aperture of stomata lying immediately vnder it. biremt stomatd measurements
enabled assesswent of the effects of the stomstal-closing antitranspirant,
phenyluercuric acetate {PMAY. It was discovered that PMA not only retards stomatal
opening, but also rmtaxﬁs closure, thereby increasing transpliration under conditions
of low light or low wate Ouuplv The effects of various alkenylsuccinic acids
(stomatai closing antitranspirants which do not contain heavy metals) on the rates
of transpiration and rhotosvathesis were measured.



Since the usefuing
cifect on water consery -
status of the plant, the efi
content of leaves and on water poeltential (asg sstimated by a prassure bomb)
were measured., An antitranspilrant by dncreasing the resistence to watey vapor
diffusion from leaves also increased the leaf water porential. The numerous
posgsible applications of this latter e¢ffect will be roported in Part I1 oo
'Applied Investigations with Autitranspirants’.

Cranspivant arises not only out of its
becauss of ite influence on the water
anticranspivants on the relative water
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