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INTRODUCTION

Water is essential to life because of its role as matrix, for
cytoplasm, reactant in bfochemical transformations, and climatic force
in the environment, Almost 90 per cent of living cells of crop plants
is water, which serves as a solvent as well as a component of proteins,
nucleic acids and other organic compounds, 1In obtaining eneréy for the
synthesis and utiIizatfon of carbohydrates and other compounds by green
plants, water acts as a solvent and reactant. Heat from these reactions
and from the surrounding environment, if not requlated, would increase
the temperature of the plants. This regulation is provided by water,

The essentiality of water is exemplified in the practice of agri-
culture, particularly in thé production of crops and pasturage., |In
the United States, about 70 per cent of overall precipitation is returned
to the atmosphere through evapotranspiration from growing plants and
through direct evaporation from moist soil, lakes, and streams (Walman,
1962; Wadleigh, 1964)., Losses through evapotranspiration were sub-
divided by Walman (1962) as 23 per cent from farm crops and pasture,

16 per cent from forest and browse vegetation, and 32 per cent from
non-economic vegetation. He also indicated that water for direct use
in irrigation, industrial purposes, and municipal supply is drawn from
the remaining 30 per cent of the precipitation. This portion is
subsequently returned to streams.

Water deficiency frequently limits crop yields in Kansas and other

parts of the world, Recently, considerable concern has been expressed



for conserving the water supply and using water more efficiently. Since
agriculture is among the abusive users of water, decreasing transpiration
of crops might increase production or decrease irrigation requirements,
One way transpiration can be decreased is with chemicals having anti-
transpirant effects on plants, Research reported here screened anti-
transpirants chemicals for maximum effects on transpiration and minimum

effects on photosynthesis and respiration,

REVIEW OF LITERATURE

Leaves are the principal plant organ through which water vapor
is lost, Both stomates and the cuticular layer are involved. The
rate of cuticular transpiration is low, however, compared to stomatal
transpiration, Stomates are also the ports of gas exchange by plants
with the outside atmosphere.

Stomatal openings are controlled more by light than by any other
environmental factor (Ehrler and van Bavel, 1968; Willis and Balatu-
bramania, 1968)., The description given in most botany textbooks
(Leopold, 1964; Devlin, 1966; Heath and Mansfield, 1969) suggests
that light decreases carbon dioxide concentration and causes a rise
in the pH in the guard cells. The higher pH supposedly stimulates
conversion of starch to sugaf; increased osmotic value of the guard
cells causes water to be taken up and the stomates to open., This
process is reversed in the dark to cause closure of the stomates.

However, recent evidence may refute the concept that decreasing



carbon dioxide levels by photosynthesis is the major factor controlling
stomatal openings (Hafez and Younis, 1969).

Zelitch (1963) exposed tobacco disks to various wavelengths of
light and found that stomates failed to open in the far-red region,
opened well in the red region, completely closed in green light,
opened in the blue region, and remained closed as the ultraviolet
region was approached. That response resembled the action spectrum of
adenosine triphosphate synthesis in chloroplasts (Black et al,, 1962).

Temperature and oxygen level (Walker and Zelitch, 1963; Hill and
Littlefield, 1969) and water deficit (Yemm and Willis, 1954) in plants
also cause stomatal movement in light., Some chemicals stimulate trans-
piration (Luke and Freeman, 1968), although the effecf was more on the
lower side of the leaf (Kotlyar and Lynbynskyl, 1969).

The first observations that chemicals reduce transpiration by
affecting stomatal movement were those of Blandy (1957). He used
phenylmercuric chloride on tomato and potato as a fungicide, but noted
water use decreased. Zelitch (1963) recognized the Importance of that
observation and immediately tested several compounds, 13 of which were
effective antitranspirants.

Davenport, Hagan, and Martin (1969) classified antitranspirants
as emulsions of wax, latex or plastic; preventers of stomatal opening;
and reflecting materials for radiant energy. Emulsions of wax, latex
or plastic form a thin transparent film on the foliage that hinders
escape of water vapor from the leaves (Possingham, Kerridge, and

Bottrill, 1969). Chemical compounds that affected stomatal movement



acted on the guard cells around the stomatal pores and reduced loss

of water vapor but not intake of carbon dioxide (Sivadjian, 1967;

Mansfield, 1967). Reflective materials reduced leaf temperature and
transpiration rates by reducing absorption of radiant energy (Gale and Hdgan,
1967; Meidner and Mansfield, 1966; Kyne, 1968; Letey and Valora, 1965;
Sivadkian and Ricardo, 1966),

It was also realized, as newer evidence was gathered (Davenport,
1967), that other processes besides transpiration were affected by
antitranspirants. Photosynthesis (Klyuchnikov and Bogaeva, 1969), dry
matter accumulation (Graham and Buchholtz, 1968) and even chlorophyll
content of plants (Waisel, Borger, and Kozlowski, 1969) were all de-
creased by antitranspirant chemicals., The most efficient and desirable
antitranspirants are those that specifically close stomates to trans-
piration but produce no phytotoxic effects to plants (Gale and Hagan,
1966), Most studies seem to single out phenylmercuric acetate as the
one that answers the requirement best (Slayter and Bierhnizan, 1963;

Shimshi, 1963; Gale and Poaljakoff-Mayber, 1967; Davenport et al., 1969).
MATERIALS AND METHODS

Plant Culture. Crops included in this study were corn (Zea
I

mays L. var. United Hagie $X158) and soybeans (Glycine max (L.) Merr.

var. 'Wayne'). Seeds of those crops were germinated in moist vermiculite
and seedlings were transplanted to nutrients solutions one week after
germination, The nutrient solution (Hoégland and Arnon, 1950) was in
2-liter containers and provided 5 mM KNO,, 5 mM Ca(NO3)2, 2 mM Mgso,,,

1 mM KHZPOA and 10 uM Fe-tartrate for corn and 10 uM FeNazEDTA for

soybeans. Micronutrients were added at the levels suggested by



Johnson et al. (1957). The pH of the nutrient solution was maintained
at 5.5 with HCl and NaOH. Six seedlings of each crop were held in each
container,

Plants were grown in an environmental growth chamber for 12 days
before treatment with antitranspirant chemicals (Table 1). The growth
chamber had a 25 + 1 € and 15 + 1 C day-night temperature with a 16-hr
light period and an 8-hr dark period. Lighting of about 1250 ft-candle
at plant height was provided by sixteen 160-watt fluorescent lamps and
six 300-watt incandescent lamps. Spectral characteristic of the lamps
was determined with a spectroradiometer and compared with the spectral
characteristic of sunlight. The rates of photosynthesis, respiration
and transpiration were measured one day after treatment.

Plant Treatment with Antitranspirant Chemicals. To facilitate

handling, the treatments were divided into two sets of manageable

size. Plants are treated with the antitranspirant chemicals by apply-
ing chemicals in equal volumes as spray solutions to the aerial portions
of the plants. Approximately 50 ml were applied to every 6 plants to
thoroughly wet them. A surfactant, 19% polyoxyethylene sorbiton
monolaurate in 1 ml per liter solution, was used whenever necessary.
Other chemicals were added directly to the culture in aqueous form.
Three replications of each treatment were randomized in complete

blocks.

Measurements. Carbon dioxide assimila;ion (photosynthesis),
respiration, and transpiration of control and treated plants were
measured in a CO2 assimilating chamber (Fig. 1). The chamber was a
plexiglas cylinder 30 cm in diameter and 60 cm high with I-cm-thick

walls. The upper portion of the chamber was removable to facilitate



Table 1. Antitranspirant chemicals applied to corn and soybean
seedlings for effects on transpiration, photosynthesis,
and respiration,

'Chemicals. Concgn- Mode of action

{active ingredients) tration

—
-

11,
12
13.
14,
15.
16,

_OO\-.IG\m.r:-wm

Contro! (distilled water)

8-Quinolinol sulfate
B-Naphthoxyacetic acid
Phenylmercuric acetate
8-Hydroxyquinolinoliné
Cetyl alcohol

Stearyl alcohol

Stearic acid

Stoma Seal (PMA)

Foli-gard (Acrylic
copolymer)

Keykote {Plastic wax)
Folicote (Wax)

Mobile RD9 (
Spruce Seal (PMA)
Clear Spray (Latex)

Needle fast (Latex and
PMA)

Plastic wax)

First Set
- Spray
10_%ﬂ Spray-stomate closing
0.005% Acq. Sol. - Stomate closing
IO-Sﬂ Spray - stomate closing
IU-QM n o " "
0.01% Acq. Sol. - Stomate closing
0 01% B b [}] it
0 0}% 1" 1 il 11
%
Second Set
0.25% Spray - stomate closing
4_0% 1] il - " -
5.0% "~ wax film cover
].0]% 1] B 1] 1]
]'0]% [N n it (4]
2. 5% i stomate closing
5.0% " wax film cover
2.5% " stomate closing

*

e

ingredient present,

manufacturers on the labels of the products.

Concentration is expressed in per cent based on the manufacturers'’
dilution recommendations and not on the amount of the active

The amount of active ingredient
commercial products is information usually not provided by the

in the



6A



EXPLANATION OF FIG. 1

Diagram of the apparatus used for measuring
photosynthesis, respiration, and transpiration of

control and antitranspirant-treated plants.
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changing experimental plants. The upper portion was fastened air-tight
to the base during operation. Air was recirculated by an electric fan
in the heat exchanger through 7.6-cm diameter flexible hose into the
chamber. The velocity of the air passing through the plant averaged

10 km hr'. That is near the average wind velocity under normal field
conditions during the crop growing season. Temperature in the chamber
was maintained at 30 + 2 C by pumping cold water through the coiled
copper tubing that served as the cooling radiator inside the heat
exchanger, The exchanger was an air-tight galvanized iron box with

a volume of 27 x iO3 cm3.

Light in the photosynthesis chamber was provided from three
300-watt cool bean, medium.Spot lamps combined with four 25-watt
Migrow lux'' fluorescent lamps. The lamp base was suspended 15 cm above
the chamber, The spectral characteristics of the lamp coﬁpared with
those from the énvironmentai growth chamber and with the sunlight are
shown in Fig, 2.

Carbon dioxide content of the air inside the chamber was maintained
at 300 + 20 ppm during the test by monitoring into the system outside
air of known C02 level. The volume of outside air added to maintain
the standard 002 level was measured through either of two rotometers.

That estimated the C0, taken in by the crop and was a measure of CO2

2
dssimilation. Atmospheric pressure in the chamber was maintained at
760 + 19.2 mm Hg by a relief valve placed before the infra-red CO,
gas analyzer. Carbon dioxide level s the system was measured by

moving aliquot air samples with a sealed pump continuously through

the infra-red C02 gas analyzer. The air aliquot samples were dried
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EXPLANATION OF F1G. 2

Spectral characteristics of photosynthesis
chamber lights (PS), environmental chamber lights

and sunlight (Feb. 1, 1970, 1200 hr).
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by passing them through a cell containing Mg(C]Oh)2 before monitoring
by the analyzer. The aliquot volume for the analyzer was maintained
by a rotometer-valve combination, The air samples were channeled back
to the system after measuring the CO2 level, CO2 levels were recorded
by a recorder coupled with the gas analyzer. Net assimilation rate

was calculated by the following formula (Hesketh and Musgrave, 1962):

I/Z( /2

NAR = kFAcoz(sz%) 29.92/p)' /A

(mg C02 dm-z hr-‘).

where NAR = net assimilation rate of CO2
k = 1,000 (mol wt of 602) /22,4 liters (273/294).
F = liters of air flowing through the chamber per hour,
A602 = differential reading of coz in ppm air volume as
determined by the infra-red CO2 gas analyzer.
(T/294)]/2(29.92/;:')]/2 = empirical gas law correction to

convert air flow rate to standard condition of

the rotometers used,
A = leaf area of plants in dmz.

Respiration was determined by the rate of CO2 buildup in the
system during darkness with no outside air added. This was expressed
as unit weight of CO2 increased per unit surface area of leaves.

Transpiration rate was determined by placing one of the test
plants in a sealed 300-ml suction flask filled with nutrient solution.
The plant was sealed carefully at the base, Tke flasks were connected
to a 100~ml burrette (modified potometér) outside the photosynthetic
chamber by flexiblé tygon tubing. Volume of water displaced in the

burrette per 15 minutes was taken as the transpiration rate of the



plants in the flasks. Transpiration was calculated as:

T = {(m! HZD/min)(BO min/hr) (1/A)

where
T = transpiration in ml water dn” ke
A = leaf area in dm?

RESULTS

The spectral characteristics of the lights in the photosynthesis
chamber (PS) and environmental chamber at the time of the studies were
compared with that of sunlight (Fig. 2). These were expressed as
microwatts per square centimeter per millimicron (uwatt i mu-]) at
various wavelengths, That of sunlight was the average of two observa-
tions. !n one, the sensing element of the instrument was perpendicular
to the light §ource and in the other it was perpendicular to the ground
and about 60° to the sun. Measurement of the spectral characteristics
of the envirommental chamber lights was the average of 5 observations
and represented the light conditions to which plants were exposed
during the growing period. Likewise, measurement of the photosynthesis
chamber was the average of 5 observations of light to which plants were
exposed during the measurement of photosynthesis and transpiration.

Results of Experiment |. The rates of respiration, transpiration

and photosynthesis of corn for the first experiment are presented in
Fig. 3. Transpiration rates differed significantly at the 0,05 level;
however, differences in photosynthesis and respiration rates among

treatments were not significant. That might be attributed to high
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EXPLANATION OF FIG. 3

Transpiration, respiration, and photosynthesis
in corn (Zea mays L. var. 'United Hagie SX 158') as

affected by antitranspirants.
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error or variation between blocks in photosynthesis and respirations

observations, Respiration ranged from 7.94 mg CO, HE R e the

control to 12,18 mg co, hr"] dm_2 for the 8-quinolinol sulfate treat-
ment. Although the differences were not significant, respiration was
frequently higher in plants treated with antitranspirants chemicals.

Applying antitranspirant chemicals significantly reduced trans-
piration by an average of nearly 30 per cent, Treated plants, however,
frequently showed loss of vigor. The two treatments that did not
differ from the control in transpiration rates were 8-quinolinol sulfate
and B-naphthoxyacetic acid., The magnitude of respiration in this ex-
periment was higher than that observed in the others.

Net assimilation rates differed insignificantly from 17.86 mg
COZ hr-1 dm“2 to 25.23 mg C02 hr-] dm—z. Some antitranspirant
chemicals seemed to increase assimilation rates.

Respiration, transpiration and photosynthesis rates of soybean
for Experiment | are shown in Fig. 4. Mean differences in respiration
rates among treatments were highly significant and differences in
transpiration rates were significant. Mean differences of net

assimilation rates among treatments were not significant, however.

Respiration rates of soybean plants treated with antitranspirants

increased significantly. The rates ranged from 2. 34 mg CO2 dm-2 hr-]
for the control to 7.28 mg CD2 drn_2 hr-] for phenyl mercuric acetate
was raised from IO-SM to 10-3‘5ﬂ, the plants showed abnormal loss of

turgor, especially on the younger leaves, and turned yellow. Respira-
tion was high, but photosynthesis and transpiration ceased and the

plants ultimately died. The IO-Sﬂ concentration was used in the

experiment but the plants exhibited conspicuous black spots on
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EXPLANATION OF FIG. 4

Rates of transpiration, respiration and photo-

synthesis in soybean (Glycine max (L.) Merr. var.

'Wayne') as affected by antitranspirant chemicals.
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some leaves, Apparently, those were caused by high concentrations of
chemicals.

The antitranspirant chemicals decreased transpiration rates
significantly by an average of 38 compared with the control,
Obviously, the antitranspirant chemicals studied were nearly equal
in their ability to control transpiration.

Although €O, net assimilation rates by soybean plants were not

2
affected significantly by antitranspirant chemicals, they appear to
have been generally depressed. Net assimilation rates among the treat-

. hr'-I for B-naphthoxyacetic acid to

ments ranged from 9. 27 mg 002 dm
15.63 mg co, dm~2 hr-I for the control. The depressing action of
B-naphthoxyacetic acid on photosynthesis of soybean may be attributed

to the compound's herbicidal properties.

Results of Experiment !l. Figure 5 shows the rates of respiration,

transpiration and C02 net assimilation of corn treated with anti-
transpirant chemicals. Common names of the chemicals are listed on
the legend, Only the transpiration rates differed significantly among
the treatments, Mean rates of photosynthesis and respiration did not
differ significantly among the treatments, However, antitranspirant
chemicals seem to have increased respiration. The rates of resprra-
tion ranged from 4,82 mg co, dm-2 hr-] for the control to 7.25 mg
CO2 dm-2 hr-} for Clear Spray.

Transpiration rates were reduced about 30% after applying anti-

transpirant spray. The antitranspirant chemicals studied seemed to

be equal in their ability to suppress transpiration. However,
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EXPLANAT ION OF FIG. 5

Rates of respiration, transpiration, and photo-

synthesis in corn (Zea mays L., var, 'United Hagie

SX 158') as affected by antitranspirant chemicals,



16

e |

w
O -
& QO
v
W >

i
Q ¥
1 1
f/,

- -
> g < o
Sa % 0o 4
FEREET
P4 T Hw YO
TV o3 zY¥
- 0O - o W o
{FSSNMF

[ N R T ]
==\=Z=5
,m“V““l

1Y z-Wp W
«+NOILVHIdSNVYL

SRR
InnENEnl
7
IINININ

1Ay zWp ZoH buw
NOILVYIdS3Y

] 1]
A\NNN
L] ]
v A
RNIRINRIRIEINN
AN R RNERR
G

-4 g wp 0D Bu
SISFHLNASOLOHd

Fig, 5



transpiration rates of plants treated with Keykote, Clear Spray,
Stoma Seal, Foli-gard, Needle Fast and Mobile R09 were apparently
higher than the rest, but the chemicals were equally effective émong
themselves in antitranspirant ability. Transpiration rates ranged
from 0,86 ml dm‘2 hr-I for Folicote and Spruce Seal to 1.18 ml dm_2
he™! for the control.

Net assimilation rates did not differ significantly among treat-
ments in the corn plants. However, it was very obvious that three

chemicals increased the photosynthetic rates by about 3% over the

control. These chemicals were Keykote, Clear Spray and Foli-gard.

Photosynthetic rates ranged from 26.33 mg CO, a2 he”! for Folicote
to 30.97 mg €O, an® b foe Foli-gard.
The effects of antitranspirant chemicals in Experiment || on

the rates of respiration, transpiration and photosynthesis of soybean
are shown in Fig. 6. Means of respiration rates and transpiration
rates differed highly significantly among treatments., However,
differences in COZ net assimilation rates among treatments were not
significant,

Antitranspirant chemicals significantly increased respiration,

The rate of respiration ranged from 3.13 mg COZ dm2 hr-1 for the

control to 5.36 mg co, dm-2 hr“T for Foli-gard,
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EXPLANATION OF FIG. 6

Rates of transpiration, respiration and photo-

synthesis in soybean (Glycine max (L.) Merr var.

'Wayne') as affected by antitranspirant chemicals.
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DISCUSSION

Antitranspirant chemicals appeared to be effective in decreasing
transpiration in both crops studied. Water loss from plants treated
with antitranspirant chemicals decreased from 30 to 50%. Those
observations were slightly higher than those of Slayter and Bierhuizen
(1964) and Davenport et al, (1969), but comparable to those of Miller
(1968). Differences in techniques of measuring transpiration could
account for differences in results among studies. The modified poto-
meter used in this study might have detected minor differences between
treatments and would tend to exaggerate differences, particularly after
calculating results from raw data.

Except for 8-quinolinol sulfate, B-naphthoxyacetic acid, Foli-gard
and Stoma Seal for corn and Mobile RDg and Folicote for soybean, the
antitranspirant chemicals applied decreased transpiration significantly
when compared with the control. Whether the active ingredient was
phenylmercuric acetéte for controlling stomatal movement or plastic
and wax for forming a thin film cover on the leaf surface, the end
effect seemed to be the same. One of the factors important for the
effectiveness of an antitranspirant chemical is the thorough Qetting
of the foliage surfaces.

Chemicals studied appeared to increase respiration of the crops,
particularly those chemicals with herbicidal properties. Except for
8-quinolinol sulfate and B-naphthoxyacetic acid in corn, chemicals
with the greatest ability to decrease transpiration also increased

respiration. That might be expected because transpirational cooling
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is also suppressed. Supposedly, this would increase the foliar
temperature compared with the surrounding air. The increased rates
of respiration may be attributed to the rise in temperature of the
plant. Observations (data not shown) indicated that the leaf temper-
ature was increased by 0,5 to 1.5 C by the application of antitrans-
pirant chemicals, Unfortunately, data collected were incomplete to
support and ascertain this hypothesis,

Differences among treatment means of net carbon dioxide assimilation
rate were not signif;cant, but the application of antitranspirant chemi-
cals appeared to decrease photosynthesis. Observation by Slayter and
Bierhuizen (1964), Zelitch (1963) and Shimshi (1963) indicated that
antitranspirant chemicals have a depressing effect on photosynthesis,
Carbon dioxide net assimilation rates in soybeans and corn seedlings
observed during this study suggested that the chemicals might depress
photosynthesis. However, differences among the means of the treatments
were not significant., It is highly possible that the technique of
measurement employed may be the cause of this, The high water content
of air fed from the outside may not have been totally eliminated by
the drying agent when air was monitored to the analyzer. Measurements
on respiration rates would not be affected similarly with net assimi-
lation rafe measurement because all parts of the system were closed
in the case of respiration. The whole system should have been closed
from the outside sources of air as soon as the carbon dioxide level
inside the chamber reached 350 ppm. TEat is an igternative method of

measuring net assimilation rate. The time lapse in decreasing carbon
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dioxide level from 350 to 250 ppm inside the chamber with the potted
plants while the lights are on could have been a better measure of
net assimilation rate,

Graham and Buchholtz (1968) reported that dry matter accumulation
is one of the processes in plants that were adversely affected by the
application of antitranspirant chemicals. That observation agreed
with those by Shimshi (1963) and Davenport (1963). Increased respira-
tion rates with the application of antitranspirant chemicals and the
insignificant effect of the chemicals on net assimilation rates may
explain the decreased dry matter accumulation (Graham and Buchholtz,
1968).

Attention should be focused on those chemicals that showed greater
promise, Those chemicals low in respiration effects, high in decreas-
ing transpiration, and did not affect photosynthesis significantly,
Some of these were Stoma Seal, Spruce Seal, Needle Fast, Mobile RD-9
and Folicote for corn, and Clear Spray, Foli-gard, Stoma Seal, Spruce

Seal, Needle Fast, and Keykote for soybean.
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Fifteen antitranspirant chemicals were tested on seedlings of
soybean (Glycine max (L.) Merr. var. 'Wayne') and corn (Zea mays L.
var. 'United Hagie SX 158') for effects on transpiration, net
assimilation, and respiration of the crops. The seediingF were
grown in an environmental chamber for two weeks before applying the
antitranspirant chemicals, The chemicals were applied as spray and/or
as aqueous solution one day before measuring transpiration, photo-
synthesis and respiration rates. The concentration of the chemicals
applied was based on the manufacturers' recommendations. A closed,
light-transparent plexiglas chamber enclosed the crops and an aliquot
sample oflair was monitored to an infra-red COZ gas analyzer during
the period when photosynthesis and respiration rates of the crops were
measured, Net assimilation rate was expressed as mg CO2 absorbed s:lm'-2
leaf area hr_I while respiration was expressed as mg CO2 released dm-2
leaf area hr-l.

The antitranspirant chemicals significantly reduced transpiration
from 30 to 50% but appeared to increase respiration of the crops
studied. Carbon dioxide assimilation rates were not affected signi-
ficantly by the antitranspirant chemicals, although the data sudgested
that photosynthesis was depressed. Plant dry matter production was
decreased by the antitranspirant chemicals because respiration rates
increased while photosy&thesis decreased or remained constant. Chemi-
cals that were most promising decreased transpiration most and net

assimilation least. Those were Stoma Seal, Spruce Seal, Needle Fast,



Mobile RD-9 and Folicote for corn, and Clear Spray, Foli-gard, Stoma

Seal, Spruce Seal, Needle Fast and Keykote for soybean.



