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ABSTRACT 

Suppression of transpiration by film-forming antitranspirants on 

Petunia x hybrida and Salvia splendens was evaluated as a method of 

reducing water stress in retail and landscape conditions. Cloud Cover 

and Folicote antitranspirants were tested at three dilutions of their 

recommended rate under greenhouse and garden conditions. 

Transpiration, stomatal conductance and leaf temperature were measured 

using a Licor 1600 steady state porometer and were found to be not 

statistically altered by varying treatment concentration. Merrill leaf 

cutter psychrometers were used to determine the effects of the films on 

the water potential of both crops. Neither species was found to be 

affected significantly. However, high concentrations of 

antitranspirant did significantly improve the relative water content of 

Petunias in a garden environment. 

The effect of antitranspirant treatment on growth and development 

was also tested. Leaf number, leaf area, area per leaf, flower size, 

and number of flowers per plant were evaluated throughout the 

experiment. Some phytotoxicity, possibly due to the carriers in Cloud 

Cover and Folicote antitranspirants, were noted on both crops. A 

considerable gain in plant appearance or growth must result from 

application of these films to warrant the expense of the application. 

Cloud Cover and Folicote antitranspirants do not appear to be an 

effective method of reducing the water stress of Petunia and Salvia 

held in retail conditions. These compounds are also not effective in 

helping either of the crops acclimate after transplanting into the 



demanding environment of this study. The effects of the 

antitranspirants are quite variable and their use must be evaluated for 

specific crops, environments, and compounds in order to be used 

successfully. 
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OVERVIEW 

The majority of the water used in urban areas involves installing 

and maintaining landscapes. In arid and semi-arid environments which 

have extreme vapor pressure deficits, this usage of water has helped 

contribute to water shortage problems. Similarly, the high energy 

loads in these environments heighten the problems of water stress and 

loss of plant productivity which both adversely affect the aesthetic 

value of the landscape. 

Several avenues have been explored to determine a method of 

reducing the water required to establish and support ornamental plant 

materials and garden crops. Development of xeriscapes and the 

increased use of plant materials native to arid environments have been 

two plausable solutions to the difficulties surrounding ornamentals but 

do not always give the desired aesthetic affect. Mulches to help 

retain soil moisture have also been investigated as another method of 

water conservation. An additional solution that has been proposed is 

the use of film-forming antitranspirants. These compounds reduce the 

water loss from plants by forming a barrier over the stomata to retard 

diffusion of water vapor. 

Other difficulties of a semi-arid environment involve maintaining 

plant materials for the nursery industry. The difficulty in 

successfully managing plant materials in such an environment revolve 

around several factors. Many of the plant materials are held in small 

pots or packs with a very limited soil volume which allows for rapid 

drying. Plant materials are usually held in open areas designed for 
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customer convenience rather than the maintenance of the plant 

materials. As a result, many of the plants are exposed to extreme heat 

loads and high vapor pressure deficits. Continuous applications of 

water are required to retain these plants in a marketable condition. 

In addition, when water quality is a problem, frequent waterings 

aggravate the problem of salt accumulation which leads to the decline 

of the product. 

The solutions proposed to alleviate the problems associated with 

maintenance in the retail environment include the use of shade cloth, 

cooling systems, hydrophyllic gels, numerous watering systems, and 

intensive labor to hand water and check for declining materials. 

Transpiration suppressants may offer another solution to the 

difficulties attributed to excessive plant maintenance. 

The purpose of this study was to evaluate the usefulness of 

antitranspirants as a means of reducing water loss of two common 

bedding plants used in urban landscapes. This was accomplished by 

determining the effect of two different film-forming antitranspirants 

at varying concentrations on the tissue water relations and subsequent 

growth and development of bedding plant crops. The efficacy of 

reducing stress through the use of antitranspirants on ornamentals 

transplanted into a garden was also evaluated. 



CHAPTER I 

EFFECTS OF FILM-FORMING ANTITRANSPIRANTS ON THE 
LEAF WATER RELATIONS OF SALVIA SPLENDENS F. 

FIREBIRD' AND PETUNIA X HYBRIDA JUSS.~TOMANCHE 

Introduction 

Plant growth and development requires photosynthetic carbon 

fixation and therefore some degree of stomatal opening. As a result of 

this process, water is lost to the atmosphere through transpiration. 

There has been an interest in the suppression of plant transpiration 

since the time of Theophrastus (38). The potential for reducing 

transpirational water loss without significantly reducing 

photosynthetic rate is based on the premise that the resistances to the 

movement of carbon dioxide in the mesophyll are greater than the 

stomatal resistance limiting water loss to the atmosphere. Water vapor 

lost to the environment accounts for 99% of the water uptake of the 

plant and makes little direct contribution to plant growth (14, 21). 

Antitranspirants have been proposed as a method to reduce water 

loss and enhance the water status of plants. Antitranspirants are 

frequently classified into three categories. Reflective materials 

constitute one group. They are designed to reduce the amount of 

radiant energy absorbed, thus lowering the transpiration rate. The 

second category includes chemical compounds which affect guard cell 

metabolism causing the stomata to close. The final category is the 

film-forming antitranspirants which create a hydrophobic barrier that 

restricts the diffusion of water vapor from the leaf (9, 13, 14,). 



Film-forming compounds hold the greatest promise as potential 

antitranspirants. Desirable characteristics of these coatings include 

durability, reduced phytotoxicity, limited inhibition of essential 

light wavelengths, minimal reduction of photosynthesis and economical 

usage (14). Antitranspirant films should not produce a stickiness or 

be visually detracting. 

The reduction in transpiration due to film-forming 

antitranspirants is directly related to uniformity (22, 39) and 

completeness of coverage (13, 14, 18, 35). Leaf characteristics also 

play a role in film deposition and transpiration suppression. 

Pubescent or glaucous leaves inhibit uniformity of the application 

(14). Young, rapidly expanding leaves hamper the creation of an intact 

boundary over the leaf surface due to subsequent growth (1, 18). In 

addition, epidermal coatings may penetrate the stomatal cavity and, in 

some cases, combine with the natural waxes of the leaf to form an 

inpenertrable plug (18, 25). This phenomenum may be due in part to the 

low surface tension of the film allowing it to enter the stomata (28). 

Finally, cracks in film coverage have been detected. These ruptures 

may be desirable, in spite of the reduction in antitranspirant 

effectiveness, because they reduce the longevity of the treatment 

possibly reducing negative effects (3, 18). 

Another controversial point is that certain types of films are 

selectively permeable to desirable gases (22). It is commonly believed 

that polyethylene is more permeable to carbon dioxide than water vapor 

(21, 24). If this is true, then its usefulness as an antitranspirant 

would be enhanced. 



Several other concerns over side effects due to film-forming 

compounds include toxicity, thermal injury, and reduced photosynthetic 

rate. Several studies have shown that film-forming antitranspirants 

induce little, if any, damage (13, 20, 27, 33, 39). In contrast, 

numerous incidents of phytotoxicity have been reported (8, 18, 19, 28, 

30, 31, 34, 37, 43). Symptoms of toxicity include leaf browning, leaf 

shedding, formation of necrotic spots, leaf curling, poor color, and 

plant death. In some cases, the carrier is suspected to be the cause 

of the phytotoxicity (5), whereas others have noted a relationship 

between increasing concentration of antitranspirant and leaf damage 

(14, 28, 31, 32, 36, 37). Foliar damage has also been attributed to 

the restriction of carbon dioxide and oxygen diffusion (3, 18). 

Increased leaf temperatures due to reduced transpiration have 

encouraged leaf browning and other characteristics of thermal damage 

(28, 31). Conversely, other studies have discounted the theory of 

increased leaf temperature causing thermal damage (14, 18, 23). 

Additionally, alteration in the transpiration:photosynthesis ratio has 

been an area of concern with both favorable depressions reported (18, 

21, 23, 24) as well as occurrences of negative influences on 

photosynthesis (14, 19, 36, 40). 

One factor confounding the reported damage due to treatment with 

film-forming antitranspirants is the variability in the duration of the 

coating. It has been shown that the effectiveness of the application 

of epidermal coatings ranges from a single day to six months (1, 4, 7, 

18, 25, 26, 28, 42, 44). Ruptures in coatings over stomata have been 



cited as one reason for the decline in efficiency of antitranspirant 

films (31). Expansion of the plant's canopy appears to dilute the 

effectiveness of epidermal treatments (14, 26, 27). Environmental 

conditions, in conjunction with the nature of the different coatings, 

also determine the durability of the barrier formed (26, 28, 44). 

Considering the conflicting results obtained by previous workers 

using film-forming antitranspirants, continued investigation utilizing 

these compounds appears warranted. The objective of this research was 

to evaluate the effect of antitranspirant type and concentration on the 

leaf water relations of Salvia splendens F. 'Firebird' and Petunia 

hybrida Juss. 'Comanche.' 

Materials and Methods 

Greenhouse and field experiments were conducted during the spring 

and summer of 1985 to evaluate the effect of film-forming 

antitranspirants on tissue water relations of two herbaceous flowering 

ornamental plants. Each experiment had three replications in time and 

two replications in environment by utilizing the greenhouse and garden 

areas to provide different climatic conditions. A summary of the 

weather conditions prevailing during each experiment in each location 

is provided in the appendix. 

Two film-forming antitranspirants. Cloud Cover and Folicote, were 

tested at three different concentrations. The rates were 0.5x, l.Ox, 

and 2.Ox expressed as a function of the recommended rates of Cloud 



Cover concentrate diluted 1:10 and Folicote concentrate diluted 1:50, 

In both dilutions, deionized water was used. A water treatment 

constituted the "control." Each of the three trials used six 

replications for each of the chemical treatments. 

Cultural conditions 

The plant species used were Salvia splendens 'Firebird' (Salvia) 

and Petunia x hybrida 'Comanche' (Petunia). For each of the three 

experiments, 42 seedlings were selected for uniformity and transplanted 

into 10cm diameter square plastic pots filled with a peatlite potting 

media. The transplanted seedlings were allowed to grow in the 

greenhouse for two weeks prior to initiating the antitranspirant 

treatments. Two hundred parts per million complete fertilizer was 

applied through daily waterings to maximize the growth rates of the 

seedlings. 

After the two week acclimation period, the antitranspirant 

treatments were applied. Each chemical was applied to drip, using 

small handsprayers. Efforts were made to ensure that both surfaces of 

each leaf were thoroughly covered. After the spray had dried on the 

leaves, the plants were returned to the greenhouse where they were 

maintained for an additional two week period during which physiological 

measurements of the tissue water status were made two times per week. 

The greenhouse was unshaded and temperatures ranged from 18 to 38 C 

during the treatment period and the plants were watered in the early 

morning hours. At the end of the two week greenhouse evaluation 
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period, each plant was resprayed with its original treatment and 

transplanted into the outdoor garden area. In general, the garden 

environment was more demanding than the greenhouse environment 

(Appendix A.l). Measurements were again taken twice weekly. 

Tissue water relations 

The bulk leaf water potential was measured on the youngest, fully 

expanded leaf which existed at the time of antitranspirant application. 

Merrill "leaf cutter" psychrometers were used to measure the leaf water 

potential of a 7mm disc excised from the middle of the blade. After 

sampling each leaf, the psychrometer chamber and tissue sample were 

brought to thermal equilibrium, 30.00 ^C +/- 0.01, in a water bath for 

4 hours. The leaf water potential was determined using the 

psychrometric mode after appropriate calibration using a series of 

sodium chloride concentrations. The transpiration rate of this leaf 

and the microclimate affecting the leaf were measured using a Licor 

1600 steady state porometer. Stomatal conductance was calculated from 

the measured water vapor flux and the leaf temperature, air 

temperature, and ambient relative humidity measurements made by the 

porometer. The relative water content of the entire blade was 

determined after the porometer measurements were made by a modification 

of the method described by Barrs and Weatherly (6). Relative water 

content was calculated as: 

RWC = (FW-DW)/(TW-DW) x 100 



where FW is the fresh weight of the sample, DW is the dry weight of the 

sample, and TW is the weight of the sample after floating on water for 

4 hours. 

All tissue water relations were determined at solar noon, 12:45 

CST +/- 1 hour, to accommodate all the measurements. 

Statistical analysis 

The experimental design was a completely randomized design with 

seven treatments and six replicates in each of the three experiments. 

Two complete data sets were analyzed from each of the locations in each 

of the trials. 

Analysis of variance and Duncan's Multiple Range Analysis were 

used to test the significance of the treatment. Regression analysis 

was used to establish correlations between various measured and 

estimated parameters as deemed necessary. 

Results and Discussion 

Weather data, (Appendix A.2), showed little variation between the 

three experiments; therefore, all data for each of the environments was 

pooled. In all situations, the greenhouse environment was analyzed 

separately from the garden environment. In addition, mean separation 

found neither significance due to treatment nor a consistent trend 

between chemicals throughout a data set. Therefore, the data for the 

different compounds was also pooled. This allowed for the 
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determination of significance between concentrations of antitranspirant 

applied. 

The mode of action of film-forming antitranspirants is based on 

the premise transpiration (TR) can be suppressed by forming an 

impervious boundary over the stomata inhibiting diffusion of water 

vapor. It would be expected that by increasing the concentration of 

such a film, the TR rate would be lowered if a uniform coverage of the 

leaves is attained. A more normalized measure of the TR rate was 

obtained by determining the TR/vapor pressure deficit (VPD). VPD, or 

the environmental demand, was determined from the temperature, relative 

humidity, and saturated vapor pressure. The results of this study show 

no significant effect on TR/VPD due to varying concentration of 

antitranspirant (Table 1.1). TR/VPD was decreased slightly with all 

concentrations on the Petunia and on the greenhouse Salvia. This lack 

of significance due to treatment may be due to limited duration of the 

films. This would be in keeping with Hall and Whitcomb's findings that 

applications lasted only two to three days (26). Davies and Kozlowski 

also found that the environmental conditions as well as species 

differences had a profound effect on the efficiency of epidermal 

coatings used to suppress TR (18). Salvia TR/VPD appears to have 

increased with any treatment in garden trials. Davenport, et al. found 

stomatal apertures up to 4 times as large on film-treated plants as 

control plants (11). Treated plants had enlarged stomatal apertures on 

partially coated leaves as did leaves without any coverage. This 

suggests that if the Salvia film was ruptured or if enough untreated 
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Table 1.1. Mean Transpiration Per Unit Vapor Pressure Deficit as 
Affected by Varying Concentrations of Antitranspirant 

Transpiration Per Unit Vapor Pressure Deficit 

Concentration Petunia Salvia Greenhouse Garden Greenhouse Garden 

-2 -1 -1 •ug cm s Kpa • 

0 8.676 * 5.717 6.863 2.299 

0.5 8.303 4.982 6.558 3.288 

1.0 8.105 4.459 6.454 2.998 

2.0 8.456 4.287 6.021 3.082 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate. 
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leaves formed, increased transpiration could occur due to the larger 

stomatal openings caused by the antitranspirant treatment. In 

addition, the increased transpiration rate may also be due to cuticular 

damage which occurred on the Salvia in the greenhouse. Many leaves of 

the Salvia appeared to be scorched before they were transplanted. This 

phenomenon has been reported by several investigators (3, 28, 30, 34), 

including workers using Folicote (18, 31). The overall poor health 

exhibited by the Salvia after transplanting indicated they had received 

serious damage which could have produced spurious results. 

In both crops, the greenhouse TR rates were higher than in the 

garden. The stomata may have constricted in direct response to the VPD 

rather than responding to the overall water status of the plant itself. 

If the stomata are reacting to the environment, this would suggest the 

antitranspirant film had no initial effect or an initial effect which 

lasted less than two days. These findings substantiate numerous other 

reports of loss of effectiveness of films due to nonuniformity of 

coverage, cracking, and peeling of the films within a short period of 

time after application (1, 14, 18, 22, 30). Antitranspirant treatment 

on zinnias, petunias, marigolds, and tomatoes were deemed ineffective 

due to poor adherance of the chemical to the plant's foliage (14). 

Davies and Kozlowski reported that the films remain on the surface of 

leaves but develops ruptures over the stomatal pores (31). Others have 

had less than desirable results using antitranspirants. In two 

independent studies, Folicote was found to reduce transpiration for 
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only 2 days after treatment and began to peel off on the third day (7, 

42). Environmental extremes previously encountered have been credited 

for contributing to the deterioration of films (42, 44). With the high 

light levels encountered in West Texas, this environmentally enhanced 

degradation is probable. 

Unusual observations made during this study appear to have been 

water-soaked portions of tissue from treated leaves floated on 

deionized water for four hours. When determining the relative water 

content, these observations were noted on both species but were most 

frequently found on the Salvia. This damage was not in conjunction 

with the scorched areas previously described. Damage of this nature 

could indicate the possibility of the leaf surface of these tender 

herbaceous plants was altered by the application of the compounds. 

Previous work has shown toxicity to be a problem with Folicote (18, 19, 

31, 37). A decline in photosynthesis caused by Folicote has also 

resulted in reduced vigor, poor coloration of foliage, and other types 

of growth damage (18, 31, 44). Very few studies with antitranspirants 

have been conducted on herbaceous plant materials to help determine the 

nature of this damage. Whether this observed damage is due to an 

adverse reaction by the cuticle to the carrier of the film as some 

investigators have previously speculated is unknown (5, 18). Other 

workers have determined a decreased oxygen and carbon dioxide exchange 

which may cause some loss of plant vigor (19, 29, 36, 40). Any of 

these complications individually or in conjunction with each other 

could contribute reducing the effectiveness of antitranspirant 

applicat ion. 
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Antitranspirant effect on leaf temperature has been debated for 

several years. In this investigation, neither of the crops exhibited a 

significant leaf temperature difference due to treatment (Table 1.2). 

In general, the leaf temperatures increased due to treatment. The 

results of increasing concentrations varied with species and location. 

The average treated leaf temperature was increased only 0.8°C with the 

greatest elevation less than l.s'^C. These changes in leaf temperature 

should not have caused death. This supports previous findings that is 

currently accepted by workers in this area that leaf temperatures 

increase slightly with film application due to the loss of 

transpirational cooling; but that the increase in temperature is 

minimal and nonlethal as transpiration only removes part of the energy 

budget of the leaf and rarely is the coating completely intact (3, 14, 

18, 21, 22). It appears that antitranspirant application results in 

only a slight elevation of leaf temperature by reducing evaporative 

cooling but to a degree that it does not interfere with these crops. 

As would be expected, stomatal conductance follows the same 

pattern as TR with Petunia values under both conditions decreasing with 

increasing concentration of antitranspirant application; however, once 

again the results are not significant at the 5% level (Table 1.3). As 

seen with the normalized TR data, the highest rate of application 

resulted in the lowest stomatal conductance values suggesting that the 

film does limit stomatal conductance and hence TR, but not 

significantly. This supports the results of previous workers who found 

increased diffusive resistance with Folicote applications (27, 33). 
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Table 1.2. Leaf Temperature of Petunia x hybrida and Salvia splendens 
as Affected by Varying Concentrations of Antitranspirant 

Concentration Petunia Salvia 
Greenhouse Garden Greenhouse Garden 

•Leaf Temperature ( C) 

0 31.8* 32.0 30.8 33.8 

0.5 32.0 33.8 31.0 33.9 

1.0 32.4 33.1 31.0 33.8 

2.0 32.05 33.2 31.1 34.5 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 
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Table 1.3. Stomatal Conductance of Petunia x hybrida and Salvia 
splendens as Affected by Varying Concentrations of 
Antitranspirant 

Stomatal Conductance 

Concentration Petunia Salvia 
Greenhouse Garden Greenhouse Garden 

(cm s'^) 

0 1.5* 1.0 1.2 0.6 

0.5 1.4 0.9 1,1 1.0 

1.0 1.4 0.8 1.1 0.9 

2.0 1.4 0.8 1.0 0.7 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 



17 

However, previous research has found a reduction in stomatal 

conductance the first day after treatment using Folicote while no 

reduction after the second day (7). Salvia conductance exhibited 

similar trends to the Petunia results with the exception of the garden 

trials. There the treated Salvia always had higher stomatal 

conductance than did the control. This suggests that Salvia was not 

affected by treatment after as short a time period as two days, due 

possibly to the deterioration of the film. 

Leaf water relations of the two crops in this study varied. Leaf 

water potentials {m) were not significantly different due to varying 

antitranspirant treatment (Table 1.4). The ^ for both crops in the 

garden was higher than the greenhouse as would be expected due to the 

increased environmental demand. 

Previous water relations work using antitranspirants for the most 

part have been conducted on woody plants (11, 12, 15, 16). Their 

results showed improved water status with film-forming antitranspirant 

application, but not always significantly. The results were quite 

variable depending on the crop and the chemical used, ^ery little 

research has been conducted using antitranspirants on herbaceous 

plants. This results in a small amount of data to compare to this 

investigation. 

Further measures used to determine the leaf water relations of 

Salvia and Petunias treated with antitranspirants included calculating 

the relative water content (RWC) of the plant foliage. Investigations 

determining the RWC of antitranspirant treated leaves have been 
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Table 1.4. Mean Leaf Water Potential of Petunia x hybrida and Salvia 
splendens as Affected by Varying Concentrations of 
Antitranspi rant 

Leaf Water Potential 

Concentrati 

0 

0.5 

1.0 

2.0 

on 
Green 

* 
0.46 

0.50 

0.51 

0.47 

housi 
Pet unia 

Garden 

0.51 

0.58 

0.63 

0.57 

-(MPa 

Sal 
Greenhouse 

) 

0.68 

0.66 

0.70 

0.73 

via 
Garden 

1.05 

1.01 

0.86 

0.97 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 
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conflicting. Improved RWC was found on a variety of trees, shrubs and 

cereals (2, 16, 17, 35) while decreased RWC was found on several types 

of fruit trees (10). In this investigation, analysis of variance 

revealed a significant difference in RWC at the 5% level (Table 1.5). 

Treatment was not significant on Petunia in either environment. Salvia 

control plants were significantly different than the 0.5 and 1.0 level 

applications. The control was not different than the 2.0 level 

application. Salvia appears to have an improved RWC with most 

antitranspirant applications under greenhouse environments, but no 

significant improvement under garden conditions. 

Further analysis found no relationship between RWC and 4* . The 

mean coefficient of variation (CV.) for the measurements was 8.17 

2 
while the mean R value for the regression of the two variables was 

0.02. The same type relationship occurred between transpiration and 

2 

RWC. The mean C V . for the measurements was 4.91 and the mean R value 

for the regression of TRxRWC was again 0.02. 

In order for antitranspirant application to be of benefit to the 

growth of these herbaceous plants, it would appear that a more 

significant improvement in 4' and RWC would have to be attained. This 

would of course have to be accomplished without detrimental increases 

in leaf temperature or decreases in carbon dioxide and oxygen exchange. 

This is a tall order for any type of compound to accomplish unless it 

is truly semipermeable and fairly durable at the same time. 
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Table 1.5. Mean Relative Water Content of Petunia x hybrida and Salvia 
splendens as Affected by Varying Concentrations of 
Antitranspirant 

Relative Water Content 

Concentration 

0 

0.5 

1.0 

2.0 

Greenhou 

75.6*B 

78.9AB 

81.lA 

78.5AB 

Pet 
se 

unia 
Garden 

72.5A 

74. OA 

69.3A 

74.lA 

-( % 

Greenhouse 

\ 
/ 

84.3A 

87. 7A 

87.lA 

87.lA 

Sal 
1 

via 
Garden 

81.308A 

82.813A 

82.528A 

83.170A 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 
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Summary and Conclusions 

Finding a method to control the diffusion of water vapor from a 

plant without reducing photosynthesis an appreciable amount or 

increasing leaf temperatures to a level causing tissue damage would be 

a great help to producers of plants grown in small pots or cells. The 

same control would prove useful in transplanting tender annuals in 

garden environments where the high evaporative demand tends to 

dessicate plants with disturbed root systems. Film-forming 

antitranspirants have held the best promise in accomplishing this 

control. This is because they have been reported to be less phytotoxic 

to the plant materials as well as having some traits of selective 

permeability. Their limited duration has also been promoted as being 

less likely to cause severe damage to the plants. 

Previous work with film-forming antitranspirants has produced 

conflicting results. There is definitely a relationship between the 

effectiveness of the material and how long it retains its barrier 

intact. Therefore, the nature of plant material treated plays a great 

role in the control of transpiration. Determinate plants or plants 

with limited leaf area change after treatment do not experience the 

magnitude in dilution of the film's effectiveness as do indeterminate 

plants. Leaves that expand throughout the season cause ruptures and 

peeling of the film. This would preclude the usefulness of these 

compounds on Salvia and Petunia. 

Phytotoxicity is another factor that has to be considered. More 

tender plants appear to be more easily damaged by either the carrier or 
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the antitranspirant compound itself. It seems that both of these crops 

experience a phytotoxic response to treatment as observed by the water 

soaked tissues. This is not a problem with all crops but would prevent 

the usage of these compounds on Salvia and Petunia as they are both 

grown for their ornamental nature. 

It appears that these compounds did not affect transpiration after 

a period of two days when the first measurements were taken. This 

prevented any real impact on leaf temperature, stomatal conductance, 

and leaf water relations. This also inhibited their capacity to 

improve the physiological status of the plants. It is possible that 

findings could have been more significant if plants with less inter-

plant genetic variation were used and if a greater degree of stress had 

been reached. The results of this investigation do not exclude the use 

of film-forming antitranspirants to thin fruit, reduce disease, 

increase chemical effectiveness, or improve yield. It does, however, 

discourage their use as materials used to suppress transpiration in 

certain herbaceous, indeterminate, ornamental plants. 
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CHAPTER II 

MORPHOLOGICAL AND AESTHETIC ALTERATIONS IN 
SALVIA SPLENDENS F. 'FIREBIRD' AND 
PETUNIA X HYBRIDA JUSS. 'COMANCHE' 

Introduction 

Annual bedding plants are transplanted into small pots for 

retailing purposes. This common practice aggravates two major problems 

involving plant water relations. One problem is that the restricted 

pot size limits the volume of water available to the plant relative to 

the leaf area. This necessitates frequent watering in order to 

maintain the product in a salable condition. The second problem is 

tissue dessication as a result of the rapid drying of the media due to 

neglect with the limited root volume present in small pots. When the 

plants are transplanted into an outdoor garden, the high evaporative 

demand of the environment results in water stress which often results 

in morphological abnormalities and plant death. The use of 

antitranspirants to limit the water lost from the leaf tissue is a 

promising solution to both of the problems associated with bedding 

plant care. 

The use of antitranspirants to suppress transpirational water loss 

is controversial. Several authors have reviewed the use and function 

of antitranspirants (5, 11, 14, 30). These compounds can be classified 

into three groups based upon their mode of action. Stomatal 

controlling chemicals inhibit the complete opening of the pores so that 

less water vapor escapes (4, 5, 6 ) . Abscisic acid and phenyl mercuric 

27 
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acetate are the most thoroughly tested metabolic antitranspirants, but 

their use is limited due to toxicity problems (4). The reflecting 

class of antitranspirants reduce the amount of radiant energy absorbed 

by the leaf, thus reducing leaf temperature and the corresponding 

transpiration rate (4, 5, 6). The use of Kaolin, the most common 

reflectant, appears limited on ornamentals because of the visual impact 

it leaves on the foliage. Film-forming emulsions act by creating a 

barrier over the stomata limiting diffusion of water vapor (4, 5, 6, 

10, 11). This class of antitranspirant appears to be the most viable 

solution and was the focus of this research project. 

Antitranspirant films consist of polyterpenes, natural waxes, 

latexes, silicones, solid alcohols, and plastics which have been used 

as both sprays and dips on a fairly large variety of crops (5, 28). 

Several beneficial uses for the films, other than the reduction of 

water loss, have been noted in Chapter One. 

Antitranspirants have been tested on a large variety of species to 

determine their effect on growth and development of plants including 

changes in yield, alterations in the accumulation of dry matter, and 

overall effects on growth and photosynthesis. Previous results on 

yield appear to be conflicting, or at least variable, depending on 

different plant species, the available water supply, the application 

rates, and the plant's growth stage at the time of application. 

Improvement of yield has been reported on grapes, cherries, 

onions, and sorghum with the use of film-forming compounds (7, 15, 19, 

22). An increased yield of large potato tubers, but not an increase în 
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total yield, was reported in the High Plains of Texas due to 

antitranspirant application (23). Yield increases directly related to 

the concentration of the solution applied were reported on corn (12). 

However, treatment at different growth stages of cherries resulted in 

contradictory results (9). Reduction in yield of greenbeans after 

antitranspirant treatment has been reported (8), whereas, little if any 

response to treatment was reported on sunflowers (13). 

Environment has been found to partially control the effect of 

antitranspirant coatings. Dry matter accumulation of treated plants 

was generally found to increase under hot, dry conditions while wet, 

cool conditions depressed the dry weight attained in treated plants 

(18, 24, 25, 29). 

Morphological characteristics such as leaf number, leaf area, and 

plant height have also responded to film-forming antitranspirant 

applications in both a positive and negative manner. Increases in leaf 

area and/or leaf number have been reported (2, 8, 19, 20, 25). In 

contrast, no significant effect or reduced leaf area after treatment 

has been observed (15, 25). Plant height and shoot growth were 

enhanced with the use of several types of antitranspirants (1, 6, 16, 

25). 

Finally, effects of film-forming compounds on flower development, 

appearance, and duration have been reported on flowering pot crops with 

rather dismal results. Damage was reported when applied after 

flowering on some crops (21, 26, 27, 32). If applied at all, they have 

to be applied at growth stages which will not damage the usefulness of 
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the crop. Both increases and decreases in floral diameter have been 

observed (17, 25). A delay in bloom time was also reported on 

chrysanthemum plants treated with a film (25). 

The purpose of this investigation was to determine the effects of 

two film-forming antitranspirants on the growth, flowering, and 

acclimatization after transplanting of two bedding crops. Salvia 

splendens F. 'Firebird' and Petunia x hybrida Juss. 'Comanche.' 

Materials and Methods 

Evaluation of the effects of film-forming antitranspirants on the 

growth and floral development of Salvia splendens 'Firebird' and 

Petunia x hybrida 'Comanche' were conducted during the 1985 growing 

season. The experiments were repeated three times during the summer at 

two different locations so that the different climatic conditions 

(Appendix A.l) would serve as an uncontrolled variable. 

Cultural conditions 

The cultural conditions and experimental design for these studies 

are the same as outlined in the accompanying manuscript. 

Morphological and aesthetic alterations 

In order to determine the effect the antitranspirants had on leaf 

development and flowering of Salvia and Petunia, measurements of leaf 
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number, bloom number, and bloom size were recorded twice weekly at the 

greenhouse location for a period of two weeks. After the plants were 

transplanted, observations were recorded for an additional two weeks at 

the garden location. Changes in appearance of the test plants were 

noted. 

At the conclusion of the four weeks, the plants were clipped at 

the soil line and final measurements of visual appearance, dry weight, 

leaf number, and leaf area were taken. Visual ratings were recorded 

based on a scale of one to five with one representing plants with only 

a few leaves left of which all exhibiting damage, while five 

represented plants with a large number of leaves with little or no 

damage apparent. Total plant dry weight was determined after 

thoroughly drying the plants in an oven. 

Statistical analysis 

Analysis of variance and mean separation of data was performed as 

outlined in Chapter One, Regression analysis was implemented where 

applicable. Environmental conditions were very similar throughout the 

three experiments (Appendix A.2). The data was pooled in the manner 

outlined in the attached manuscript. As a result, the effect of 

differing concentrations of film-type antitranspirants on the growth 

and development of Petunia x hybrida and Salvia splendens was 

determined. 
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Results and Discussion 

Evaluation of the effects of antitranspirants on growth and 

development of Salvia and Petunia were conducted. Accumulated dry 

matter was found to be slightly enhanced with application of the two 

antitranspirant films, but not significantly (Table 2.1). These 

results support the findings of some of the previous work done in this 

area, however, it also conflicts with findings by other investigators. 

Increases in total plant height in barley and enhanced shoot growth in 

woody plants has been noted (1, 5, 15). In contrast, antitranspirant 

films gave no measurable change in shoot growth of other plants, (14, 

23, 31). In one investigation, a polyethylene emulsion was found to 

increase fresh and dry weight in chrysanthemums while it increased 

plant height (24). The variation in these results may be due in part 

to the effect of environmental conditions on the function of 

antitranspirants. Increased growth has been noted on antitranspirant 

treated beans, cotton and chrysanthemums under hot, dry environmental 

conditions and no effect or reduced growth in cool, wet conditions (23, 

24, 28). 

Leaf area changes due to antitranspirant treatment was another 

morphological feature investigated. The results of this experiment 

indicate that leaf area was not significantly different due to film-

forming antitranspirant treatment (Table 2.2). The leaf area of Salvia 

was always less than the leaf area of Petunia. In addition, leaf area 

of Petunia tended to be less after treatment. Salvia exhibited an 

increasing leaf area after treatment, but not significantly. Previous 
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Table 2.1. Dry Matter Production of Petunia x hybrida 
^"^ Salvia splendens as Affected by Varying 
Concentrations of Antitranspirants 

Concentration 
1 

0 

0.5 

1.0 

2.0 

Dry Weight 

Petunia Salvia 

g/plant 

3.1 

3.4 

3.3 

3.4 

1.6 

1.5 

1.7 

1.7 

Mean separation within columns nonsignificant at the 
0.05 level 

Prepared using volumes of commercially available 
concentrate diluted to a multiple of the recommended rate 
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Table 2.2 Final Plant Leaf Area of Petunia x hybrida 
and Salvia splendens as Affected by Varying 
Concentrations of Antitranspirants 

Concentration 
1 

0 

0.5 

1.0 

2.0 

Leaf Number 

Petunia 

(cm ) 

209.69 

Salvia 

143.70 

203.73 

187.18 

188.94 

143.93 

167.88 

156.44 

Mean separation within columns nonsignificant at the 
0.05 level 

Prepared using volumes of commercially available 
concentrate diluted to a multiple of the recommended rate 
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work both confirms and conflicts with these results. Leaf areas on 

cotton, woody plants, and grain sorghum had highly significant 

increases after film application (2, 3, 18). In contrast, leaf areas 

were reduced on snap beans and conifers (7, 19). Folicote treatment on 

chrysanthemums was reported to decrease leaf area, and yielded very 

inconsistent data (24). 

Another leaf characteristic evaluated was leaf number. The leaf 

numbers of Petunia and Salvia at the conclusion of this experiment, 

were not significantly different (Table 2.3). This contrasts with 

similar tests performed on sorghum. Sorghum leaf number was found to 

have a yery highly significant increase in the number of leaves if 

applied early; however, if the plants were treated after boot, the 

treatment tended to induce leaf senescence and lower leaf number (18). 

This difference in the sorghum results may be due to the determinate 

growth pattern in sorghum as compared to the interdeterminate growth 

habit of Salvia and Petunia. 

Statistical analysis of the effect of antitranspirant treatment on 

the area per leaf indicated there was no significance (Table 2.4). In 

both Petunias and Salvia, the 0.5x and l.Ox concentrations gave the 

greatest mean for area per leaf. Again, no relationship between area 

per leaf and antitranspirant treatment was delineated. This would be 

expected if both the leaf number and leaf area failed to have a 

relationship with the treatment. 

The effect of film-forming antitranspirants on flower development 

is also of concern in ornamental plants. Mean flower size of 
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Table 2.3 Final Leaf Number Petunia x hybrida 
^"^ JAlvi^ splendens as Affected by Varying 
Concentrations of Antitranspirants 

Concentration 

0 

0.5 

1.0 

2.0 

1 

Leaf 

Petunia 

* 
18 

36 

36 

36 

Number 

Salvia 

33 

29 

32 

32 

Mean separation within columns nonsignificant at the 
0.05 level 

Prepared using volumes of commercially available 
concentrate diluted to a multiple of the recommended rate 
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Table 2.4 Final Area Per Leaf of Petunia x hybrida 
and Salvia splendens as Affected by Varying 
Concentrations of Antitranspirants 

Area Per Leaf 

Concentration Petunia Salvia 

(cm ) 

0 3.15* 4.49 

0.5 3.21 5.64 

1.0 3.19 5.14 

2.0 3.03 4.87 

* 

Mean separation within columns nonsignificant at the 
0.05 level 

Prepared using volumes of commercially available 
concentrate d i lu ted to a mult iple of the recommended rate 
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antitranspirant treated plants in this investigation was not 

statistically significant at the 5% level (Table 2.5). Mean flower 

number was also not significantly different between the treated and 

control plants for both species (Table 2.6). In addition, regression 

analysis indicated a quadradic relationship for flower size compared to 

increasing flower number for Salvia plants and a questionable linear 

relation for Petunia (Figures 1 and 2). This suggests that Petunias 

bloom independent of the size or number of other bloom present on the 

plant. Data on the effects of antitranspirants on bloom development of 

ornamental crops is quite limited. The results of this work partially 

support the finding of other work done in this area. Folicote has been 

found to reduce the size of the inflorescence up to 11% on some flowers 

(16, 24). Reference to the effect of antitranspirant film on bloom 

number has not been characterized at this time. However, Folicote and 

Cloud Cover were found to cause damage to mature Hydrangea florets 

limiting treatment to immature cymes (27). Folicote was found to 

damage the plant's appearance and delay floral expansion (24, 25). 

Antitranspirant treatment appears to have very limited effect on 

the morphological characteristics of Petunia and Salvia. Neither the 

leaf area, leaf number, area per leaf, flower number, or flower size 

was significantly affected. The overall visual ratings for appearance 

of the plants did not show significance either (Table 2.7). This is 

understandable as no increase in foliage or flower capacity was 

significant. Antitranspirant treatment did not enhance or inhibit 

morphological growth and development of flowering. 
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Figure 1. The relationship of bloom size to 
bloom number for Petunia and Salvia 
under greenhouse conditions. 
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Figure 2. The relationship of bloom size to 
bloom number for Petunia and Slavia 
under garden conditions. 
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Table 2.5. Mean Flower Size of Petunia x hybrida and Salvia splendens 
as Affected by Varying Concentrations of Antitranspirant 

Concentration 

0 

0.5 

Flower Size 

Petunia 
Greenhouse Garden 

3.6 

3.5 4.2 

Salvia 
Greenhouse Garden 

(cm) 

3.8 4.1 

4.5 

1.3 

1.5 

1.0 4.3 4.3 4.3 1.3 

2.0 4.0 4.6 5.3 1.5 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 

Flower size was measured as the diameter of the inflorescence of 
Petunia x hybrida and the length of the inflorescence of 
Salvia splendens. 
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Table 2.6. Mean Flower Number of Petunia x hybrida and Salvia 
splendens as Affected by Varying Concentrations of 
Ant i t ranspirant 

Flower Number 

Concentration Petunia Salvia 
Greenhouse Garden Greenhouse Garden 

0 0.8* 2.9 

0.5 0.8 3.4 

1.0 1.0 3.2 

2.0 1.2 3.2 

0.7 

0.6 

0.6 

0.7 

0.4 

0.4 

0.4 

0.4 

Mean separation within columns nonsignificant at the 0.05 level 

Prepared using volumes of commercially available concentrate diluted 
to a multiple of the recommended rate 
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Table 2.7 Mean Visual Ratings of Petunia x hybrida 
^"^ S_a1via splendens as Affected by Varying 
Concentrations of Antitranspirants 

Concentration Petunia Salvia 

2 
Visual Rating 

* 
0 3 

0.5 

1.0 

2.0 

Mean separation within columns nonsignificant at the 
0.05 level 

Prepared using volumes of commercially available 
concentrate diluted to a multiple of the recommended rate 

2 
Ratings based with 1 as poor growth with severe damage 
and 5 as lush growth without damage. 
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Summary and Conclusions 

Interest in the effects of film-forming antitranspirants on the 

growth and development of plant materials has developed with the 

increasing interest in water conservation. There have been many 

conflicting reports about damage to the foliage, reduced 

photosynthesis, stunted growth, improved water status increasing 

growth, flower expansion being delayed and actual flowers having 

visually detracting responses. It appears that results with 

antitranspirants are quite variable. Results are different with 

various species. Different environments and water regimes can make 

significant differences in the final measurements. Human error in 

getting a uniform coat of the film also enters the picture. It appears 

every single situation and species must be evaluated individually to 

determine the efficacy of using these compounds. 

In this investigation, there were no significant changes in growth 

or flower development due to antitranspirant application. Increased 

stress may have given more significant results. However, there was a 

high mortality rate for treated plants with the environmental stress 

allowed in this investigation. There were some trends that suggest 

that some type of material may be developed in the future that may 

enhance the growth of these ornamentals. But at this time, there is 

not enough improvement in performance or appearance to justify the cost 

of the chemicals or the labor to apply them to these two crops. In 

addition, reports of a variety of plants experiencing damage, there is 

a risk involved with the use of these chemicals. A considerable 
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advantage in flowering or growth must be obtained to accept the risk of 

damage to the crop and assume the expense of the application. 



46 

Literature Cited 

1. Agarwal, S.K., R.D. 1979. Effect of antitranspirants on barley 
(Hordeum vulgare L.) plants under varying moisture conditions. 
Indian J. Ecol. 6(2):38-45. 

2. Christiansen, M.N. and E.N. Ashworth. 1978. Prevention of chilling 
injury to seedling cotton with anti-transpirants. Crop Sci. 
18(5):907-907. 

3. Dadykin, V.P., Samsonova, L.P. 1977. Effect of film 
antitranspirants on woody plants. Soviet Plant Physiol. 
24(3):464-470. 

4. Das, V.S.R. and A.S. Raghavendra. 1979. Antitranspirants for 
improvement of water use efficiency in crops. Outlook on Agric. 
10(20):92-98. 

5. Davenport, D . C , R.M. Hagan and P.E. Martin. 1969. 
Antitranspirants ... uses and effects on plant life. Calif. 
Agric. 23:14-16. 

6. , K. Uriu, M.W. Fisher and R.M. Hagan. 1971. 
Antitranspirants ... effects and uses on Horticulture. Amer. 
Hort. Mag. 50:110-113. 

7. , and R.M. Hagan. 1982. Influence of crop 
load on the response of cherry fruit growth and size to 
antitranspirant. HortSci. 17(20):217-218. 

8. . 1974. Effects of film antitranspirants on growth. 
J. Exp. Bot. 25(85):410-419. 

9. . 1972. Sizing cherry fruit with antitranspirant 
sprays. Calif. Agric. 26(8):9-10. 

10. , K. Uriu and R.M. Hagan. 1975. Antitranspirant 
effects on the water status of 'Manzanillo' olive trees. J. 
Amer. Soc. Hort. Sci. 100(6):618-622. 

11. Davies, W.J. and T.T. Kozlowski. 1974. Short- and long-term 
effects of antitranspirants on water relations and 
photosynthesis of woody plants. J. Amer. Soc. Hort. Sci. 
99(4):297-304. 

12. Fuehring, H.D. and R.E. Finker. 1983. Effect of Folicote 
antitranspirant application on field grain yield of moisture-
stressed corn. Agron. J. 75:579-582. 



47 

13. . 1978. Sunflowers: var iety, date-of-seeding, 
dryland, ant i t ransp i rant , and growth regulator studies on the 
high plains of Eastern New Mexico. Res. Rep. Agric. Exp. Sta. 
New Mexico State Univ. No. 373 7pp. 

14. Gale, J . and R.M. Hagan. Plant ant i t ranspirants. Annu. Rev. Plant 
Phys. 17:269-282. 

15. , A. Poljakoff-Mayber, I. Nir and I, Kahane. 1964. 
Preliminary trials of the application of antitranspirants under 
field conditions to vines and bananas. Austral. J. Agr. Res. 
15:929-936. 

16. Gibbons, F.D., III. 1983. The effects of mulches and 
antitranspirants on winter injury of evergreens. Amer. Nurs. 
157(4):47-55. 

17. Hales, T.A. 1971. The effect of antitranspirant materials on the 
radiation balance and evapotranspiration in an irrigated 
alfalfa field. Dis. Abst. Inter. B. 32(2):133. 

18. Kuganathan, A. and S. Palaniappan. 1980. Effect of 
antitranspirants on soil and plant water status in grain 
sorghum. Acta. Agron. Acad. Sci. Hun. 29(2/3):401-409. 

19. . 1979. Effect of antitranspirants on growth and 
production of grain sorghum. Turrialba 29(l):69-74. 

20. Lee, K.J. and T.T. Kozlowski. 1974. Effects of silicone 
antitranspirants on woody plants. Plant and Soil 40(3):493-510. 

21. Lewis, A.J., III. 1979. Antitranspirant effect on water loss from 
Hydrangea. HortSci. 14:131. 

22. Lipe, W.N., K. Hodnett, M. Gerst and C W . Wendt. 1982. Effects of 
antitranspirants on water use and yield of greenhouse and field 
grown onions. HortSci. 17(2):242-244. 

23. and C W . Wendt. 1978. Effects of antitranspirants on 
yield, grade distribution, and water use of potatoes. Amer. 
Potato J. 55(4):203-209. 

24. Malcolm, C V . and L.H. Stolzy. 1968. Effect and mode of action of 
latex and silicone coatings on shoot growth and water use by 
citrus. Agron. J. 60:598-601. 

25. Martin, J.D. and C B . Link. 1978. The potential use of 
antitranspirants in the greenhouse production of Chrysanthemum. 
J. Amer. Soc. Hort. Sci. 103(3):327-331. 



48 

26. . 1973. Reducing water loss of potted Chrysanthemum 
with pre-sale application of antitranspirant. J. Amer. Soc. 
Hort. Sci. 98(3):303-305. 

27. McDaniel, G.L. 1985. Transpiration in Hydrangea as affected by 
antitranspirants and Chlormequat. HortSci. 29(2):293-296. 

28. and G.L. Bresenham. 1978. Use of antitranspirants 
to improve water relations of Cineraria. HortSci. 13(40):46-
467. 

29. Mukherjee, I. 1974. Growth promoting effect of a transpiration 
suppressant on cotton. Phys. Plant 32(3):287-288. 

30. Solarova, J., J. Pospisilova and B. Slavik. 1981. Gas exchange 
regulation by changing epidermal conductance with 
antitranspirants. Photosynthetica 15(3):365-400. 

31. Sutter, E.G. and M. Hutzell. 1984. Use of humidity tents and 
antitranspirants in the acclimization of tissue cultured plants 
to the greenhouse. Scientia Horticulturae 23:303-312. 

32. Tracy, T.E. and A.J. Lewis. 1981. Effects of antitranspirants on 
Hydrangea. HortSci. 16(l):87-89. 



APPENDICES 



Table A.l. Means for Environmental Conditions Existing 
During the Period of This Investigation 
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Variable 

Ai r Temperature 

Location 
Greenhouse' 

18 - 38" C 

Garden 

16 - 3 r C 

Relative Humidity 37% 43% 

Photon Flux Density 1438 

Em S 

1554 

Em-^S-l 

Vapor Pressure Deficit 2.96 Kpa 3.01 Kpa 
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Table A.2. Mean Weather Data for Lubbock, Texas During the Spring and 
Summer of 1985 

Average Average Daily Number 
Maximum Minimum Average of Days 

Trial Temperature ( C) Temperature (̂ C) Temperature (°C) Above 32 £ 

1 30.9 14.8 22.9 13 

2 31.1 17.2 24.2 14 

3 31.6 17.8 24.7 12 
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