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ABSTRACT 

EFFECT OF ETHYLENE ON CARNATION GROWTH 

Carnation flowers are susceptible to damage when exposed t o 

rather low ethylene dosages. This research confirmed that ethylene 

also affects the growth of the carnation plant. Severe growth reducti on 

occurred when plants were treated c ontinuously with 100 ppb, 3 00 ppb, 

and 5 00 ppb C
2

H
4

. Plants treated with the same concentrations for 

shorter periods showed less damage. Ethylene treatment at different 

growth stages produced varying plant responses. Plants treated during 

rapid growth stages (e . g. " rapid elongation " and 11 bud initiation " ) were 

more susceptible to eth ylene than were plants treated at stages of re -

lative ly less rapid growth (e.g. after pinching and after planting) . 

It was suggested that low et hylene levels for prolonged periods 

could result in serious growth reduction. Ethylene levels in most 

urban areas a re hi g h enough to warrant concern by growers in such 

areas . Ambient ethylene levels in the Denver Metropolitan area may 

cause more stem shortening than was previously thought. A grower 

should c onsider ambient C 2 H
4 

levels before locating his range in an 

urban area . 
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INTRODUCTION 

Ethylene's effect on plants has been suspected since the early 

19 00' s when illuminating gas leaks caused damage to street trees and 

greenhouse crops. The f i rst accounts of ethylene damage were sketchy 

(19, 20, 21, 37, 53 , 54). The concern over air pollutants and the i r 

effects on vegetation has resulted in further research. 

There have been numerous studies on the role of ethylene in 

fruit ripening (13, 14, 15, 36), and there are many publications on the 

various plant responses to different ethylene concentrations (4, 11, 16, 

19, 20, 21, 23, 27, 29, 33, 37, 38, 41, 42, 43, 45, 46, 52, 53, 54). 

For example, Rudich, Kedar, and Halevy (46) gave an account of the 

use of ethylene to produce all female flowers on normally monoecious 

cucumber plants . Crocker ( 19) mentioned the use of ethylene to loosen 

the shucks of English walnuts and pecans. Although studies (7, 41 , 52) 

have dealt with the effects of ethylene on cut carnations, there is little 

published research on the effect of ethylene on the carnation plant . 

This information would be invaluable to greenhouse operators in urban 

areas where ambient ethy lene levels are often h i gh enough to cause 

chronic damage. 

It is known that ethylene is a growth regulator acting at low 

concentrations (1, 2, 4, 13, 29, 37, 45). It may be produced endoge -

nously (1, 2, 3 , 13 , 17, 18, 24, 36) , or as a product of nearly all 
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combusti on proc esses (2 , 4 , 2 5, 40) . Its e c on omi c se ri ous ne ss t o 

the greenhouse trade has been appreciated for some time (7 , 21 , 26 , 

27 , 41, 4 7 , 52 , 5 3 , 54) . 

The purpose of this study was to determine the extent of plan t 

damage when carnations (Dianthus caryophyllus L., cv. 'Red Si m 4
) 

were subjected to chroni c and acute ethylene dosages . 



L ITERATURE REVIEW 

Early Accounts of Ethylene Damage 

Hasek, James, and Sciaroni (27) gave an account of ethylene 

history . In the i r art i cle, they mentioned that more than 100 years 

ago, Girardin reported damage to street trees in Germany as a result 

of leaks in gas mains. They also noted that the important constituent 

of the gas was not known until Ne ljubov, in 19 01, showed it to be 

ethylene. 

In the early 1900's, Crocker and Knight (21) received reports 

from carnation growers of heavy plant loss caused by gas leaks. The 

reported injury seemed worse in the winter when ventilation was 

decreased, and when the ground was frozen forcing the lateral diffusion 

of the gas into the greenhouse. In their experiments with illuminating 

gas on carnations, Crocker and Knight noted injury with all concentra-

tions used. They concluded that ethylene must form about 4 % of t he 

illuminating gas to be toxic. When pure ethylene was used, t h ey noted 

injury to carnations w'th levels down to 5 00 ppb. 

Also in the early 1900's, Wilcox (53) mentioned a case where 

illuminating gas leaked into a greenhouse. Carnations that were in 

bud at the t i me of the leak showed the following symptoms: 1) the 

styles projected from the tips of the buds , 2) buds that started to 

open remained closed, and 3) the calyxes dried and shriveled. 
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Opened flowers showed premature senescence. Roses being grown 

in the same greenhouse complex .were completely defoliated. 

Around 1930, Zimmerman, Hitchcock, and Crocker (54) exper i -

mented with the effects of illuminating gas and ethylene on roses . In 

November, 1930, they reported that leaves on rose plants exposed 

to 0. 01% illuminating gas for 48 hours at room temperature yellowed 

along the veins, and the leaflets abscised. Rose leaves also showed 

an epinastic reponse to ethylene. They also found a stimulatory effect 

on the growth of roses by ethylene in which treated plants produced 

2. 25 times more buds than control plants. 

Some Common Ethylene Sources 

Hasek, James, and Sciaroni (27) listed some common sources 

of ethylene: natural decay of organic matter, burning of organi c 

matter , burning of fossil fuels, some solvents, weed oils, and s u r -

facing oils. T h e burning of fossil fuels is a major cause of a i r pollu-

tion, and such fuels supply significant amounts of ethylene and oth er 

substances that are potentially harmful to plants and animals. T h e 

increasing number of automobiles on the roads has added considerably 

to the problem. Ethylene levels as high as 5 00 to 1000 ppm h ave been 

recorded from automobile exhausts (4, 27, 40). Automobile e x hausts 

are diluted in the atmosphere, but severe concentrations of pollutants 

can accumulate as a result of many automobiles concentrated in a 

limit ed area along with certain weather cond itions. Alts huller and 
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Clemons (6) stated that, on the West Coast of the United States, dilution 

of automobile exhausts is about 1000 to 2000: 1 in moderate to heavy 

pollution. Abeles and Heggestad (4) calculated that automobile ex -

hausts in the United States produced 12 million metric tons of ethylene 

in 1966, while plants produce about 20, 000 metric tons of ethylene per 

year . In July and August 1972 , they recorded C 2H 4 concentrations 

ranging from 700 ppb in center Washington, D. C . , to 39 ppb in out-

lying areas. 

In greenhouses, internal CO
2 

generators and unit heaters that 

burn natural gas can produce considerable ethylene if o2 is deficient. 

Hanan (25) noted internode shortening on carnations in greenhouse 

ranges where such a situation occurred. For "complete combustion, 1 1 

he recommended a fresh air supply to each burner to provide at least 

10 C. F. H. air per C. F. H. gas. 

Ethylene is also produced endogenously by plants. Around 193 5, 

Denny and Miller (23) noted a delay in the sprouting of potato tubers 

and an abnormal development of sprouts due to ethylene evolved from 

apples stored in the same containers with potatoes. According to 

Goeschl, Pratt and Bonner (24), ethylene production from etiolated 

pea seedlings was confined to the plumule and plumular hook porti on 

of the epicotyl, and enough ethylene was produced to give physiologi -

cally active concentrations within plant tis sue. By exposing et i olated 

seedlings to a single dose of red light, ethylene production was de -

creased, and there was an increase in plumular expansion. Treating 



6 

seedlings with far -red light following the red light treatment decreased 

the effect of the red light to the level achieved by the far -red light 

alone. In research on light-induced ethylene production in sorghum, 

Craker, Abeles, and Shropshire (18) discovered maximum ethylene 

production at the 372 nm wavelength. 

Lyons, McGlasson, and Pratt (36) used gas syringes to extract 

samples from inside canteloupe fruits. During ripening, there was an 

increase in internal CO
2

, a decrease in internal o2, and a great in-

crease in internal, evolved, ethylene. Burg and Burg (15) discussed 

the involvement of ethylene in fruit ripening. Because of endogenous 

ethylene production, ventilation would not remove enough ·ethylene to 

delay ripening. 

Fungi and bacteria are also produce rs of ethylene . Burg ( 13) 

noted the following fungi as producers: 1) Penicillium digitatum, 2) 

the fungus causing Alternaria leaf spot of carnations, and 3) 

Botrytis cinerea of carnations. Pratt and Goes chl (45) noted increased 

ethylene production in carnations when the flowers were inoculated with 

spores of Botrytis, although the fungus did not produce C
2

H
4 

in pure 

culture. Ray blight (Mycosphaerella liquilicola) fungus infection of 

chrysanthemum flowers can produce enough ethylene to cause 

" sleepiness" in carnations placed in a confined atmosphere with t h e 

diseased chrysanthemums (27). Ethylene production has been deter -

mined for 80 species of fungi (45). Pseudomonas solanacearum, a 

bacterium which infects bananas, also produces ethylene (45). 
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Reports indicate that injuring or stressing plants stimulates 

endogenous ethylene production ( 3, 1 7, 45). A simple stress such as 

growing against an ob st ruction led to ethylene production by pea 

seedlings ( 45). Changing the orientation towards gravity of tomato . 

stem sections and Coleus plants increased their ethylene output and 

caused leaf abscission in Coleus (45). In work by Abeles and Abeles 

(3), ethylene production from bean and tobacco leaves increased 

rapidly following the application of toxic compounds such as CuSO 4 , 

Endothal, and ozone. Craker (17) noted that ozone injured bean 

plants produced more ethylene than uninjured plants. 

Effects of Ethylene on Plants 

Ethylene is the simplest organic compound which affects 

plants ( 45). Burg and Burg (15) gave a list of some of the plant 

responses to ethylene. Ethylene causes leaves to abscise, chlorophyll 

to blanch, and flowers to fade. In its presence, plants lose the 

ability to orient normally with respect to gravity; stems assume a 

horizontal position as do the secondary roots, and normal growth move -

ments cease. In some cases, ethylene induces rooting of cuttings, 

causes gutation, and enhances protoplasmic permeability. According 

to Burg (13), characteristic responses of shoots to ethylene are 

epinasty, reduced growth rate, and swelling. Ethylene stimulates 

lateral root formation, breaks the rest period of bulbs and tubers, 

causes yellowing of some leaves, and can cause an increase or decrease 
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in respiration rate. Pratt and Goeschl (45) stated that ethylene is 

60 to 100 times more active than its nearest competitor, propylene, 

in terms of concentrations required for ethylene-like effects. Some 

of the various plant responses to ethylene are given in Table 1. 

Various other plant responses to ethylene have been reported. 

Nitsch and Nitsch (43) induced the short day plant, Plumbago indica L ., 

to flower under 16 hours of light by treating it with an ethylene re-

leasing compound. Depending on the dosage, ethylene can cause 

cotyledon and leaf abscission in cotton, thicker leaf blades, shortened 

internodes, and profuse lateral growth (29). Chlorophyll decomposition 

by ethylene hastens the coloring of citrus fruits and blanches the stalks 

of celery (20). Burg (13) referred to the use of ethylene to promote 

early flowering, and thus uniform fruiting of pineapples. Ethylene 

has been reported to cause increased permeability of mitochondrial 

membranes, but the concentrations needed for that effect were 

markedly higher than biologically active concentrations ( 33). Also, 

similar swelling responses have occurred using other alkenes that 

lack the biological activity of ethylene (33). 

In general, dicots are more susceptible to ethylene damage than 

are monocots ( 1). Sensitive broad leaf plants may exhibit a general 

chlorosis of older leaves, necrosis, leaf abscission, abscission of 

flower buds, and/or failure of buds to open. More resistant plant s 

may show only growth retardation and loss of apical dominance (12). 

On conifers, ethylene commonly causes abscission of needles , retarded 
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Table 1. Various p lant responses to ethylene . 

Concen- Length 
tration of Expo- Ref-

Plant (ppb) sure T°F Response erence 

African 
Marigold 17a 2 days 77° Epinasty 20 

Tomato 100a 2 days Epinasty 22 

Tomato 400a 3-4 hrs. 1st signs 22 
of Epinasty 

Cut Carnations 30 3 days or 50° Threshold 52 
8 days 32° level for vis -

ual damage 
to petals 

Cut Carnations 100-200 16 hrs. 65° 11 sleepiness 11 41 

Cut Carnations 2, 0006 - hrs. 70° Keeping l ife 7 
Open Flowers 83 % of control 

Bud - Cut 2, 0006 
- hrs. 70° Keeping life 7 

Carnations 93% of control 

Rose 330a 5 days Room Leaf abscis - 54 
temp. sion started 

Rose 1, oooa 5 days Yellowing a - 54 
long leaf veins 

Rose 40, oooa 96 hrs. 70° Complete 54 
defoliation 

Salvia 100a 2 days Epinasty 22 

Cotton Seedlings 1 o, 000 60 hrs. Cotyledon & 29 
leaf absciss ion 
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Table 1. (Cont'd.) 

Concen- Length 
tration of Expo- Ref-

Plant (ppb) sure T°F Response erence 

Sweet Pea 200a 3 days Declination 22 
Seedlings from verti -

cal growth 

Youn g Buckwhe at 50a 12 hrs. Epin as ty 2 2 

Common 50a 12 hrs. Epinas t y 2 2 
Lambs quarter 

Azalea 5, 000 10 days C Floral death 28 

Ligustrum 5, 000 1 0 days C Complete 28 
defoliation 

Pinus 5, 000 1 0 days C Chlorosis of 28 
thumbergi older needles; 

growth inhibi-
tion of younger 
needles 

Blackberry 5, 000 10 days · c Death of 28 
plant 

Graminae 1 o, 000 1 0 days C Inhibition of 28 
leaf elonga -
tion 

a Accurate methods for ethylene analysis were not available to 
early researchers. Serial dilutions were oft en used . 

b 
"ppb - hours " refers to a dosage: concentrati on times lengt h 
of exposure. 

C 0 Heck and Pires used a day temperature of 84-88 F , and a 
night temperature of 71 -76 °F. 
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elongation of new needles, abscission of young c ones, or poor c one 

development (12) . At high ethylene concentrations, grasses may show 

retardation of growth and heavy tillering ( 12, 28) . 

Research by Barden (7) on cut carnations showed four factors 

that contributed to the extent of ethylene damage: 1) ethylene c oncen -

t ration, 2) length of e xposure, 3) exposure temperature, and 4) s t age 

of flower development. Although this work dealt w ith excis ed plant 

parts, basically, these four factors determine the extent of damage 

to most plants. 

Physiology of Ethylene 

Although ethylene moves through the plant by simple diffusion 

rather than by directed transport, it is usually considered a plant 

hormone. According to Craker, Abeles, and Shropshire (18), ethylene 

appears to be produc ed in plant tis sue only through enzyme c ontrolled 

pathways. Both endogenous ethylene produced by leave s and stress 

ethylene, induced by toxic compounds, come from methionine (3 ), 

Auxin transport i s t hought to effect abscission, growth, and 

epinasty. Thus, if ethylene has an effect on auxin transport, it 

follows that ethylene would ind i rectly affect these same growth 

phenomena (2). Evi dence indicates that ethylene does inhibit auxin 

transport (2, 9, 10, 11, 16, 39, 44, 45). Burg and Burg (1 6) di s c overed 

that pea seedlings grown in ethylene for 6 to 7 days transported i ndo le -

acetic acid at a normal velocity, but the apparent capacity of the 
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transport system was reduced by about 90%. Beyer and Morgan (9) 

confirmed their finding, although in some of their experiments they 

found evidence of a slight reduction in auxin velocity. 

Beyer and Morgan ( 11) discussed ethylene's role in leaf 

abscission on cotton plants, and concluded that senescence, an increase 

in ethylene production, and a decrease in auxin transport were all 

closely related and were an integral part of a series of events that 

occur during leaf abscission. Their opinion was that as the leaf 

senesceses, ethylene production increases, reducing the auxin supply 

to the cells of the separation layer by an effect of ethylene on auxin 

transport,. and perhaps, a destruction of the synthesis process. 

Ultimately, the separation-layer cells pass the threshold from in -

sensitivity to sensitivity to ethylene, and the initiation of RNA and 

protein synthesis occurs. This leads to the formation of cell wall 

degrading enzymes, and perhaps to their release from the cytoplasm 

to the cell wall (11 ). From their work, Jackson and Osborne (32) 

concluded that large quantities of ethylene are produced shortly b efore 

leaf fall in tissues adjacent to the zone of separation. They too credited 

ethylene with initiating biochemical sequences responsible for separati on. 

They felt that the timing of abscission was caused by an increase in 

sensitivity of the tissue to ethylene and not by an increase in ethylene 

production. In leaf epinasty, Lyon (35) discovered ethylene altered 

lateral auxin transport in petioles. This caused auxin accumulati on in 

the upper part of the petioles and the resultant growth differentia l. 
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Suppression of Ethylene Effects 

Nichols (41) discovered that the system producing ethylene in 

plants i s ae r ob ic, and that carnation flowers stored in a slow stream of 

nitrogen produced no measurable amounts of ethylene. Five percent 

CO2 was sufficient to counteract a dose of 200 ppb ethylene for 2 days; 

the CO
2 

suppressed the morphological response of the flower t o ethylene . 

Nichols concluded that CO
2 

accumulation and not o2 depletion suppres sed 

ethylene production. According to Uota (51 ), 7% to 20% CO2 for 24 

hours reversed the effects 125 ppb or 250 ppb ethylene; 10% and 20% 

CO2 reversed the effects of 250 ppb c2H4 , 20% CO2 reversed the effects 

of 5 00 ppb C 2H4 , and 30% or 40% CO
2 

reversed the effects of 1000 ppb 

C2H4. 

Working with apples, Burg and Burg (15) stated that CO
2 

com-

petes with ethylene for the site in the plant tissue that ethylene must 

occupy in order to exert it s influence. They attributed this to 

ethylene being a close structural analogue to allene, a compound which 

mimics the effects of ethylene: 

CH2 = C = CH2 
allene 

O = C = O 

carbon dioxide 

The competitiveness of CO2 with ethylene is influenced by the law of 

mass action and by ethylene's one million -fold greater affinity for 

the receptor site in the plant. No amount of CO
2 

will stop ethylene 

action if enough ethylene is present. When CO
2 

i s added to fru its, it 

does not make the fruits immune to ethylene, but rather it raises t he 
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threshold value for ethylene stimulation. Lowered o2 concentrat i on s 

hinder ethylene reactions, because ethylene apparently can not attach 

itself to the receptor site in the plant unless o2 has already b een 

attached to that same site (15). Burg and Burg (15) also st ated that 

ethylene produces no lasting effect in vegetative tis sue unless it is 

continuously present. The effect is irreversible in fruits because 

exogenous ethylene increases endogenous production. Ethy lene ox id e 

was thought to suppress ethylene action, but Burg and Burg (1 5 ) foun d 

that small concentrations of ethylene oxide actually hinder or com-

pletely inhibit the growth of certain plants . 

Burg and Burg ( 15) gave five empirical rules governing the 

biological activity of compounds: 

1 . All biologically active compounds are unsaturated. 

2. Smaller molecules tend to be more active than larger ones. 

3. The more the bond order resembles that of ethylene's, t he 

greater its activity. 

4. The unsaturated linkage must be adjacent to a terminal 

carbon atom. 

5. The terminal carbon next to the unsaturated position must 

not bear a positive charge. 

Burg and Burg (15) drew a schematic diagram for the activat i on of t h e 

receptor site by ethylene: 
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Early ethylene analysis was difficult and often inaccurate. Paper 

chromatography was an early method for qualitative ethylene analysis 

(2). Early methods for quantitative ethylene analysis included: 1) 

mic robromination, 2) gravimetric analysis, 3) KMnO 4 oxidation, 

4) bromocoulometric analysis, 5) dilution techniques, and 6) ethylene 

traps (2). Gas chromatography enabled simpler, more accurate 

ethylene analysis. Crude gas chromatographic analysis was a tte m pted 

as early as 1943 (2). Around 1959, researchers could measur e 10 -

100 ppm ethylene with gas chromatographs equipped with thermal 

conductivity detectors (2) . The advent of flame ionization detectors 

enabled researchers to measure ethylene levels as low as 1 ppb (2, 

8, 24). Plants sensitive to ethylene can be used as indicator plan ts . 

African marigolds, tomatoes, and pea seedlings are often suggested 

for this use (14, 19, 45). 
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Summary 

It is evident that ethylene was noticed as a phytotoxic pollutant 

as Long as 100 years ago. Much interest in the problem h as been 

generated since that time, and a variety of experiments have been done 

on numerous different plants. With increased knowledge of the effects 

of ethylene on plants and with the use of better techniques and apparatus , 

a better concept of how ethylene affects the growth of plants has been 

developed. 

The symptoms and signs of ethylene damage seem to be fairly 

well defined. Early researchers could not agree on ethylene's effect 

on auxin transport, but now it is well accepted that ethylene inhibits 

auxin transport. Ethylene is normally considered an essential plant 

hormone (2, 11, 13, 15, 16, 30, 45). 

In relation to the effect that ethylene has on carnations, much 

work has been done using cut carnations, such as researc h don e by 

Nichols (41 ), Barden (7), Uota (51 ), Smith and Parker (47), Lieberman, 

Asen, and Maps on (34), and Crocker and Knight (21 ), There h a ve been 

some references to the effect that ethylene has on flowers still a t tached 

to the plant (13, 35, 42, 53). The Literature dealing with t h e w h o l e 

carnation plant usually refers to ethylene's effect on buds or opened 

flowers, and no references are made to ethylene ' s effect on the ve geta -

tive parts of the plant. Also, most researchers refer to acute ethy l e n e 

damage in which ethylene dosages are used that result in v i sual p lant 

damage. Little mention is made of chronic damage which m i g ht o ccu r 
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at Low dosages but which is difficult t o detect visually. Chronic damage 

may be of increasing importance to growers in urban areas where air 

pollutants are pos ing a possible threat to their crops . More research 

is needed on how low concentr ations of pollutants affect plants over 

prolonged periods. 



MATERIALS AN D METH ODS 

General 

Carn ations (Dianthus caryophyllus L . , cv. 'Red Si m') grown 

2 plants per 8 11 pot in gravel were used for all experiments c ondu cted 

at the Colorado State University Lak e Street Research Greenhouses. 

The plants were subjected to approximately 1 00, 300, and 5 00 ppb 

ethylene for various periods at different growth stages. The plants 

were placed in chambers for c
2

H
4 

treatment, after which they were 

grown under normal greenhouse conditions (31). T he plant s were 

watered automatically 3 times a day during low light periods and 4 

times a day during high light periods. The followi ng nutrient solution 

was incorporated into the water supply through a 1 00: 1 Smith injector: 

Nutrient Concentrate Per 25 Gallon Barrel 

Fertilizer 

KNO
3 

MgSO
4 

NH
4

NO
3 

85 % Food Grade H 3Po
4 

N a2 B 4 o7 · 1 0 H 2 0 

Z n SO
4 

Ca(NO3 )2 

Amount 

12 .5 lb s . 

6 lb s. 

2.5 lbs . 

2 00 

53 

ml. 

grams 

7.1 grams 

12.5 lbs. (separate 
25 gallon barre l ) 

A summary of the experiments conducted is shown in Table 2 . . 



Table 2. Experiments c onducted on Red Sim carnation plants between Apri l 4 and December 29 , 1973 . 

Experiment 
Number Dates Exposure Period Plant Stages 

l 

2 

4/ 4/73 to flowering P lanting to flowering Just planted 

3 

4 

5 

6 

8/30/73 t o 9/13/73 2 w eek s 

9/25/73 to 10/9/73 2 weeks 

10/11/73 to 10/18/73 1 week 

11/9/73 t o 11/12/73 

a. 11/13 - 11/15 
b . 11/26 - 11/28 
c. 12 / 9 12/11 
d. 12/19 - 12/21 
e. 12/27 - 12/29 

3 days 

F ive 2 - day 
treatments 

l 0 fully expan d ed leaf pairs l 7 -
2 4 - 7 fully expanded leaf pairs 

s ing l e p inch leaving 4 - 5 leaf pai rs 
3 

·d 1 · 1 a. rap1 e ongahon 
b. bud initi ation2 

c. just p inc h ed 3 

a. rapid el ongati on 
b. bud initiation 
c. just pinched 

a . showin g b\.~d color 
b. just pinched 
c. just planted 

a. rapid elongation 
b. bud initiati on 

2 to 4 fully expanded 
leaf pairs 

No. of pots / 
Stage/ C ham b er 

7 

2 
2 
2 

2 
2 
2 

2 
2 
2 

3 
3 

3 
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Eth ylene Chambers 

Four chambers, 96 " long, 15" wide, and 66 11 high, covered with 

clear vinyl plastic , were constructed in a 16' x 18' greenhou se c ove red 

with rigid PVC panels. Three stages of heating, 2 stages of air c on di-

tioning, and 2 mist nozzles controlled the environment in the c hambers. 

Two fans maintained a constant positive pressure in all c hamb er s. Ai r 

was not recirculated, but passed through the system one time . A 

diagram of the chamber arrangement is shown in Fig . 1 . T hermostatic 

controls were placed in an aspirated box in chamber 2 (Fig. 1) . Day 

0 temperatures ranged from 62-65 F, and night temperatures from 

5 2 -55 °F. Ethylene was injected into the air stream at the inlet to each 

treatment chamber (Fig. 1). A plexiglas s diffusion plate, with the same 

dimensions as the chambers, consisting of 1 /8 " diameter holes on 

approximately 1/4" centers, was placed in each chamber 4 . 5 " from 

t h e air inl et (Fig. 1). This enhanced gas mixing. The ex haust en d of 

each chamber was covered with vinyl punched with enoug h holes to 

maintain a positive pressure. Ethylene was not f iltered fro m t e 

control chamber, so ambient C 2H4 levels of 5 - 35 ppb wer e con stantly 

present. The other chambers contained 100, 300, and 5 00 ppb t otal 

Ethylene Injection 

A 225 cu. ft. gas cylinder was evacuated to approxim a t e y 

0. 50 mm Hg. Pure C2H4 flowing at approximately 26. 5 C. F. H. for 



Figure 1. D iagram of ethy lene chambers located at t he Lake Street Research 
Greenhous es, Fort Collins, Colorado. 

a. air c on ditioning c ompressors 
b . fan s 
c. c ontro l pane l 
d. three stage heating unit 
e. cooling units 
f. two m i st n ozz les 
g . diffusion p l a tes 
h. point of ethylene injecti on 
i. h ouse exhaust fan 
j . air intake 

1. chamber n o . 1: 5 00 ppb ethylene 
2 . chamber n o . 2: 3 00 ppb ethyl ne 
3 . chamber n o . 3: 100 ppb ethylene 
4. chamber no . 4: control chamber 

c
2

H
4

: marks pos ition of 225 cu . ft. 
ethylene m ix tank 
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10 minutes thr ough a N
2 

flowmeter was injected into the tank, and the 

mixture pressurized to about 1000 PSI with a tank of compress ed air . 

Rep licat i on of the C 2H
4 

mix tanks was sufficien t. For injecti on t o 

e ac h chamber, the gas mixture was regulated to 5 - 7 inches w ater 

c olumn pressure through 3 stages and passed through glass capillary 

tubes for each c h amber . The gas flow through the Low pressure regula-

t or w as usually changed slightly with each new mix tank to offs et 

s lig ht differences in cy linder c 2H4 concentrations. The length s of t h e 

glass capillary tubes were varied to provide the required ethylene 

concentrations when mixed with the chamber air supply. The final c2H4 

concentration present in each chamber was periodically checked w ith 

a gas chromatograph. 

Analytical Procedure 

Periodically dur ing each treatment, 50 ml samples were drawn 

from t h e exhaust holes in each c h amber . Samples were taken fr om both 

t he top and the bottom of the chamber to test ethylene h omogeneity in 

the chambe r s . Ethylen e concentrations differed as much as 14% fr o m 

top to bottom. Samples were also taken from t h e control chamb er a nd 

outside the greenhouse. Gas samples were analyzed in a Hewlett -

Packard (model 5750b) gas chromatograph equipped with flame 

i oniz ation detectors . The analysis followed procedures outlined b y 

Stephens and Burleson (49, 50). Briefly, air samples were first 

concentrated by injecti on into a 1/8" O.D. stain less steel sample l oop 
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packed with 10% dimethyl sulfolane on 42/ 6 0 mesh C-22 firebrick a n d 

submerged in liquid oxygen. The sample was volatized at o
0 c and 

simultaneously inj ected into a column (1. 52 mm long, inside diameter 

2. 38 mm) packed with 100/ 120 mesh poropak N. The carrier gas was 

nitrogen flowing at 80 ml/min. The flame ionization detectors were 

fed with o2 flowing at 300 ml/min and H2 at 60 ml/min. T he c olumn 

temperature was maintained isothermally at 6o 0 c. Detector tempera-

0 ture was 210 C (7). 

Peak heights were used to determine the amount of ethylene in 

each sample. The analyzer was calibrated by measuring samples of 

known ethylene concentrations. Identical air samples run through the 

chromatograph could be expected to be.± 5%. Calibration charts were 

made showing known ethylene concentrations at various peak heights. 

Data Collecti on 

Pictures and visual observations were taken throughout eac h 

experiment. After treatment, the plants were grown under gr eenh ous e 

conditions until there was at least one fully opened flower p er pot. T he 

plants were cut off at the soil line and the following data collected: 

1) height (cm., from top of pot to middle of terminal buds or fl ow ers), 

2) leaf length (average of three leaves per plant, 4th leaf pair fr om t h e 

terminal), 3) leaf width at widest point of leaf, 4) stem length (ave rage 

of 3 stems, from origin to middle of bud or flower), 5) number of n odes 

(average of 3 stems), 6) internode length (stem length/number of n odes ), 
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7) number of lateral s h oots (average of 3 stems), 8) fres h wei ght, 

9) dry weight, and 10) date of harvest. One -way and two-way analys i s 

of variance as outlined by Snedecor and Cochran (48) was used. 



R E SULTS AND DISCUSSION 

The ethylene treatments can be separated into three phases: 

1) a continuous ethylene treatment from time of planting to flower ing , 

2) short ethylene treatments (from three days to two weeks) at different 

growth stages, and 3) a periodic ethylene treatment (five 2 - day treat -

ments over a seven week period). 

Continuous Ethylene Treatment 

Severe damage was evident with the continuous ethylene treat -

ment (Fig. 2). The C2H4 treated plants developed buds and flowered 

sooner than the controls. Flowers that opened on the plants during 

treatment lasted only a couple of days before senescence. Stem and 

internode length decreased significantly with increased C
2

H
4 

conc en -

trations (Fig. 3, 4). There was a similar relationship for leaf length, 

fresh weight and dry weight (Fig. 5, 6). The C 2H4 treated plants 

showed an increase in the number of laterals per stem (Fig . 7 ) . 

Short Treatments 

Two Weeks. - - With the two week c 2H4 exposure, " rap id 

elongation, 11 "bud initiation, 11 and " just pinched" growt h stages were 

used. The " rapid elongati on " and " bud initiation " stages were more 

sensitive to ethylene than was the '' just pinched " stage. T he 3 00 ppb 

concentration seriously shortened stem length, whereas 500 ppb C
2

H
4 



Figure 2. Effect of continuous ethylene treat-
ment (from time of p lanting, Apri l 4, 
1973, to fl ow erin g) on carnati on 
growth. P icture taken on June 22 , 1973. 
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F i gure 3. Effect of c on t inuous (plot A) a n d periodi c (p l ot B) e t h ylene treatments 
on carn ation s tem length. Continuous treatmen t from time of p l anting 
to fl owering; p eriodic treatment (five 2 -day treatm n ts over a 7 we k 
p riod) with car nation s showing 2 to 4 fu lly expan ded leaf pairs a t th 
start of t reatment. T he plot represents Tukey ' s " h one stly significant 
d ifference" (h sd ) procedure . Means with a n hs d half c onfidence w i dth 
are p l otted. If half width band s do n ot overlap, t h e tre atment means 
are significantly d i fferent at the 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 3 00 ppb ethylene 
5 = 5 00 ppb ethylene 
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Figure 4. Effect of c ont inuous (plot A) and peri odic (plot B ) ethylene 
treatments on c arnation i nternode length. Continuous treat-
ment fr om tim of planting to flowering; periodic t reatment 
(five 2 - day treatments ove r a 7 week period) with carnations 
s h owing 2 to 4 f lly expand ed leaf pairs a t the start of tr at-
ment. The plot represents Tukey~ s "honestly significant 
difference" (hsd) procedure . Means with an hsd half c onfi-
dence width ar plotted . If half width b ands d o n ot overlap, 
the treatment means ar e s ignificantly different at t h e 5% l evel. 

C = contr ol 
1 = 100 ppb ethylene 
3 = 300 ppb ethylen e 
5 = 500 ppb ethylene 
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F i gur 5 , Effect of c ontinuous (pl ot A) and p eriod ic (p l ot B) ethy lene 
treatments on carnat i on leaf length. Continuous t r eatment 
fr o m time of planting to flower ing ; p eriod ic treatment (five 
2 - day treatments over a 7 week p eriod) wit h carnation s showing 
2 t o 4 fu lly expanded leaf pair s a t the start of t reatment. The 
p l ot repr e sents Tukey 's "honestly s i gn i ficant d i fferenc " (h sd) 
pr ocedure. M e ns with a n hsd h alf c onfidence w idth are p l otted. 
If h alf width b ands do n o t overlap, t he treatment means are 
significan tly different at t h e 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 500 ppb ethylene 
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Figure 6. Effe c t of c ontinuous ethylene treatment (from t ime of p lanting 
to flower ing) on carnation fresh w eight (plot A) and dry weight 
(p l ot B) . T he plot represent s Tukey' s "honestly si gnificant 
d i ff e r en c e" (h sd) procedure . Means with a n hs d half c onfidence 
width are p l otted. If half width ban ds do not ove r lap, t he treat-
ment means are significantly different at the 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 3 00 ppb ethylene 
5 = 500 ppb ethylene 
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Figure 7 . Effect of continuous ethylene treatment (from plantin g to 
flowering) on the total number of both vegetative and repro -
ductive laterals per carnation stem. The plot represents 
Tukey's "honestly significant difference" (h sd) proc edure. 
M ans w ith a n hs d half confidence width are p l otted. If half 
w idth b ands do n ot overlap, the treatment means are signifi-
cantly different at the 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 500 ppb ethylene 
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was needed to exert a similar effect on the "just pinched" stage 

(Fig. 8). 

One Week . -- P l ants showing bud color, after pinchin g, and afte r 

planting were treated with c
2

H 
4 

for one week. The only noticeable ef-

fect on the bud color stage was pistil protrusion. A concentration of 

500 ppb adverse ly affected the stem length of the plants treated after 

p inc hing and p l anting (F i g. 9), 

T h ree Days. - - P l ants at " rap i d elongation " and "bud initiati on " 

were treated with ethylene for three days. Only at 500 ppb were there 

marked differences (Fig. 10). 

Periodic Ethylene Treatment 

Plants with two to four fully expanded leaf pairs were given 

five 2-day C 2H4 treatments over a seven week period to simulat e air 

pollution episodes in t h e Denver Metropolitan area. Statistically 

significant (at t h e 5% level) stem shortening occurred with C
2

H
4 

l eve l s 

of 300 ppb and greater (F i g. 3). Although the difference between t he 

control and 100 ppb treatment was not statistically different, i t i s 

worth noting (Fig. 3). 

Ethyl ene Dosage 

This work followed investigations by Barden (7), who used a 

dosage term (ppb-hours) to show ethylene effects on cut flowers . In 

the case of longer experiments, ppb-days was more convenient. 

Ethylene's effect on plant growth depends on the ethylene concentration 



Figure 8 . Effect of two w eek ethylene treatment (9/25/ 73 - 10/9/73) on 
carnation stem length w ith ethylene applied at: 1) 11 rapid 
elongat i on, 11 2) 11bud initiation, 11 and 3) 1 1p inched. 11 The plot 
represents Tukey 1 s 11 honestly s ignificant differ e n ce 1 1 (hsd) 
procedure. M eans with an hsd half confi d ence width are 
p l otted . If hal f width bands do not overlap, the treatment means 
ar e s ignificantly different at the 5% level. 

C = c ontrol 
1 = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 500 ppb ethylene 
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F igure 9. Effect of one week ethylene treatment (10/11/ 7 3 - 10/18/73) 
on carnation stem length with ethylene applied at: 1) "showing 
bud color, 1 1 2) "pinched," and 3) "pl anted." T h e plot repre-
sents Tukey 1 s "honestly significant d iffe ren c e " (hsd) procedure . 
Means with an hsd half confidence width are plotted. If half 
width bands do not overlap, the treatment means are s i gnifi cantly 
differen t at the 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 500 ppb ethylene 
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Figure 10 . Effect of three day ethylene treatment (11/9/73 - 11/12/73) on 
carnation stem length with ethylene applied at : 1) "rapid 
elongation ' ' and 2) "bud initiation." The plot represents Tukey' s 
" h onestly significant difference" (hsd) procedure. Means with 
an hsd h alf confidence width are plotted. If h alf width bands do 
not overlap, the treatment means are signifi cantly different at 
the 5% level. 
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an d the length of exposure. Thus, theoretically, 300 ppb for one 

day (3 00 ppb - days) would produce the same plant responses as 100 ppb 

for three days (300 ppb - days). 

Effect on Stem Growth 

Much mention is made concerning ethylene's ability to retard 

stem elongat ion (2, 4). The continuous C
2

H
4 

treatment showed the 

most drastic stem shortening . Various moderations of stem s h ortening 

also occurred with the s h orter C 2H4 exposure depending on t h e s tage 

of plant growth during treatment and the C
2

H
4 

dosage. Internode 

length was also measured, with the continuous c2H4 treatment showing 

dramatic shortening (Fig. 4) . A decrease in internode length coincided 

with stem growth retardation. Ethylene must be constantly pres ent to 

exert a continuous effect on vegetative tis sue; normal plant growth 

resumed after removal from the c
2

H
4 

source. Some ethylene effect 

was notic ed for a few days after C
2

H
4 

treatment because of damage 

to meristematic tissue. 

Effect on Lateral Branching 

Increased bud deve l opment following c 2H4 treatment has been 

noticed for some p l ant species (2). On ly the continuous C
2

H
4 

treat -

ment caused a s_tatistically s i gnificant increase in t he total number of 

laterals per stem (Fig. 7). The shorter C
2

H
4 

treatments caused an 

increased " shrubbiness 11 which was especially noticeable at 3 00 ppb 

and 500 ppb . The " shrubby" appearance could be due to a c oncent rati on 
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of l aterals within a certain area on the stem. The continuous ly treated 

plants did not have a " shrubby" appearance because cont inuous c 2H
4 

prohibited elon gati on of t h e l aterals. The shorter C
2

H
4 

treatmen ts 

initiated lateral growth that elongated normally. 

Effect on Leaf Growth 

Ethylene is kn own to inhibit leaf expansion (2, 4), so ethylen e's 

effect on carnation leaf len gth and width was noted. The continuous, 

periodic, an d two week c
2

H
4 

exposures produced notable leaf short -

ening (Fig. 5, 11), The two week C 2H4 exposure produced a statisti -

cally significant decrease in leaf width on the bud initiation stage at 

3 00 ppb and 5 00 ppb (Fig. 12). Since this phenomenon occurred with 

the two week exposure and not with the continuous treatment, the 

possibility of plant growt h differences and error in measurement must 

be considered . 

Effect on Fresh and Dry Weights 

Due to severe growth retardation, the continuous C
2

H 
4 

treat ment 

produced a marked reduction in both fresh and dry weights (Fig . 6) . 

The shorter C2H4 exposures had little effect on plant wei ghts . 

P l ant Stage Sensitivity 

The following carnation growth stages were used dur ing t he 

experimental period: 1) "planted, 11 2) "pinched, " 3) "bud initiati on, 11 

4) " rapid elongation," and 5) " showing bud color." The " rapid 



Figure 11. Effect of two week ethylene treatment (9/25/73 - 10/9/73) 
on carnati on leaf length with ethylene applied at: 1) "rapid 
elongation, " 2) "bud initiation, " and 3) "pinched. " The 
plot represents Tukey' s "honestly significant difference" 
(hsd) procedure . Means with an hsd half confidence width 
are plotted . If half width bands do not overlap, the treat-
ment means are significantly different at the 5% level. 

C = control 
l = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 5 00 ppb ethylene 
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Figure 12 . Effect of two w e ek ethylene treatment (8/30/73 - 9/13/73) 
on carnat ion leaf width with ethylene applied at: 1) "rapid 
elongation , 11 2) "bud initiation, " and 3) "pinched . 11 The 
plot rep re s e n ts Tukey' s " honestly significant difference 11 

(hsd) procedure . Means with an hsd half confidence width 
are plotted. If hat£ width bands do not overlap, the treatment 
means are significantly different at the 5% level. 

C = control 
1 = 100 ppb ethylene 
3 = 300 ppb ethylene 
5 = 500 ppb ethylene 
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e l ongati on 11 and 1Ibud in i tiation 11 s t ages seemed to be t h e most sen s itiv e 

to eth ylene . These s t ages represented periods of relatively rapid 

p la n t growth , so inc reased eth y lene effects were expected, Wi t h t h e 

1 Ibud color 11 stage, vegetative growth and bud developmen t had advanced 

to the point where growth in hibition was not noticeable. The 1I just 

pinched 11 and 11 just p l ant ed 11 s t ages are not peri ods of rapid stem 

elongat·on, a n d plan ts treated dur ing these early stages were less 

sensitive to eth ylen e. Eth ylen e d i d appear to have a residual effe c t 

on these earl y stages if the dosage was high enough (Fig . 9) , It is 

suggested that ethylene inh ibits stem elongation by redirecting growth 

in a lateral rather than a longitudinal direction (2, 13). This suggests 

that during periods of rapid growth, ethylene causes more lateral growth 

to occur resulting in decreased stem length. As a general observation, 

the C 2H4 treated plants seemed harder to the touch and t h icker and 

woodier at t h e stem bases. 

Amb i e n t Eth ylene Con cen trations 

T h ere is stron g evidence t h at an ethy le ne - filtered con trol wou l d 

have revealed more dramatic d ifferences between treatments (2 , 4) . 

Abeles and Hegges t ad (4) d i scovered reduced veget ative growth at 

25 ppb C 2H4 in all their exper iments. The i r amb i ent air treatment 

(1 - 60 ppb) produced distinct reduction in c u c umber leaf e xp an s i on after 

21 days when compared w ith a Purafil1 f iltered con trol. Red K i d n ey 

1 
KMnO4 absorbed on alumina pellets ; a product of Borg - Wa rne r 

Corp ., U.S . A. 
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bean s s h owed a similar reduction in leaf expansion and stem elongation 

after 21 days. Figures 13 and 14 seem to support the need for a filtered 

c ont rol. Figure 14 is a result of a collection of dat a. Logarithmic 

2 
plots were made of the foll owing data: 1) periodic treatment (R = 

0.961), 
2 

2) "bud initiation" for three days and two weeks (R = 0. 853), 

3) "rapid elongation " for three days and two weeks (R 2 = 0. 454) , and 

4) "pinched" for one week and two weeks (R 2 = 0. 697). "T " tests 

showed no significant difference between t he four plots , T h e average 

slope and intercept of these four plots was used to plot, Logy = 

a + b (log x), on a linear scale. The continuous treatment (Fig. 13) 

was plotted separately due to a significant difference in slope from 

the other four plots. In each case, 25 ppb C
2

H4 was used as the 

average ambient ethylene level in Fort Collins, and this was computed 

on a dosage basis. Thus, 75 ppb-days is the lowest data point on 

Fig. 14 and 3050 ppb-days on Fig. 13. Informati on beyond these 

points is hypoth etical. 

It does appear t hat low C
2

H4 dosages produce a more marked 

reduction in stem length in relation to higher dosages. At highe r 

dosages, a point of maxi mal stem reduction seemed to h ave been 

reached. Figure 13 points out an approxi mate 30 cm. stem reduction 

between the control (3 000 ppb - days) and the 1 00 ppb treatment ( 11000 

ppb -days). This coincides with Fig. 3. Figure 14 s h ows about a 

15 cm. stem reduction between 75 ppb-days and 1000 ppb - days. Since 

this figure represents a combinati on of var ious plant growth stages 



Figure 13. R elationship b etwee n carnation stem length and c ont i nuous ethylene 
treatment (from time of planting to flowering) on a dosage bas i s 
(ppb-days). An ethylene dosage was computed for the control on 
the basis of an average 25 ppb ambient ethylene level in Fort Collins . 
Linear plot of Log y = a+ b( log x). 

2 R = 0. 997 

Treatment 

control (25 ppb for 122 days) 
100 ppb for 110 days 
300 ppb for 106 days 
500 ppb for 104 days 

Dosage (ppb-days) 

3 , 050 
11, 000 
31, 800 
52,000 
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Figure 14. Relationship between carnation stem length and ethylene dosage 
(ppb-days). An average slope and intercept was computed from 
the following logarithmic plots: 1) periodic treatment (R 2 = 0 . 961 ), 
2) "rapid elongation" for three days and two weeks (R 2 = 0. 454), 
3) "bud initi ation'' for three days and two weeks (R 2 = 0. 853), and 
4) " pinched " for one week and two weeks (R 2 = 0 . 69 7 ). An ethylene 
dosage was computed for the control on the basis of an average 25 ppb 
ambient ethylene level in Fort Collins. The lowest data point is 
75 ppb-days; the highest, 7, 000 ppb-days . Linear plot of Logy = 
a+ b(log x). 
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and treatment durations, i t can not be compared di rectly to any o t h e r 

figure . Stem reducti on as indicated in Figs . 13 and 14 at low dosages 

i s v ery revea ling and warrants much c oncern . If a f iltered control 

were used, the difference between the control plants and the c
2

H
4 

treated plants would have been greater. 

Work by Hanan (2 6) revealed c 2H 4 l e v els from three stations , 

wit hin a two square mile area of Denver, to range from 5 to 16 0 ppb. 

The average c
2

H
4 

level for h i s t est period was about 45 ppb . He put 

h i s results on a ppb-hour dosage basis and figured a minimum c
2 

H
4 

level for any six hour period to be 30 ppb-hours and a maximum 

level, 506 ppb-hours . A continuous ethylene level of 45 ppb could 

result in serious reduction in plant growth (Fig. 13). More research 

needs to be done us i ng filtered controls to establish the extent of 

carnation growth reduction from ambient ethylene lev els. 

Comme rc ial Applic ati ons 

C h roni c ethylene damage woul d be difficu lt t o d i scove r by obs e rva -

tion in the greenhouse un l ess control plants i n an ethy lene - free e nvi ron -

ment were used for growt h comparison . Abe l es and H e ggestad (4 ) 

suggested that C 2H 4 levels as low as 10 ppb may affect many p lants . 

Ethy lene l eve l s i n urban areas are cons i derably above 10 ppb (2, 4, 26), 

so const ant, chronic p l ant damage i s like ly . It i s up to the growe r t o 

dec ide how much stem length reducti on , for example, is enough to be 

c onsidered ser i ous (Fig , 13, 14) . A cute damage may occas s i onally 
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occur in greenhouses from improperly vented unit heaters (25 ). 

Shortened internodes is the most noticeable symptom of acute ethylene 

dosages. However, if carnati ons are i n f ower, c
2

H
4 

Leve l s hi gh en ough 

to exert a noti ceable effect on vegetative tissue will cause " sleepiness " 

in open flowers (7, 21, 53). It is the "unnoticed " chroni c damage that 

may be the serious threat. 

It i s pas sible that ethylene, in the form of ethylene -re Leasing 

compounds such as Ethre l , could be used to i n itiate earlier flowering 

of carnations. Earlier flowering of C
2

H
4 

treated plants was noted 

during the experimenta l peri od. Much research could be done to 

determine how much Ethrel need be appl ie d at what growth stage to 

cause earlier flowering without adverse effects. It would seem possible 

to apply Ethrel during bud development without affecting stem length. 

Ethrel can be translocated throughout the plant (2), and work with 

Ethre l on grapes has revealed Ethrel movement in the phloem in a 

source-to-sink relat i onship (2 ). 

Suggested Research 

The following research is suggeste d: 

1. Test the effects of ethy lene on carnati on growth us ing a 

f iltered control . 

2. Establish, for the Denver Metropolitan area, the extent of 

p lant damage that may occur from ambient ethylene Levels . 

3. Study the synerg i stic effects of air pollutants on c arnati on g r owth . 
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4 . Explore the practicality of using Eth rel to hasten the 

flowering of carnations. 

5. Compare the keep ing quality of flowers cut from ethylene 

treated plants with flowers cut from plants grown in filtered air. 



SUMMARY AND CONCLUSIONS 

Carnation plants at various growth stages were treated with 

100 ppb, 300 ppb, and 5 00 ppb ethylene for differing time periods . A 

continuous ethy l ene treatment from time of planting to flowering pro-

duced readily visible ethylene damage. Shorter ethylene exposures 

produced less severe damage. P lant s treated during per iods of rapid 

growth (e, g . "rapid elongation" and " bud initiati on ") appeared to be 

more sensitive to ethylene than plants treated during early growth 

stages (e.g . "plante d 11 and 11pinched 11 ). A c oncentration of 500 ppb 

ethylene for three days significantly reduced the stem length of 

carnations treated dur ing " rapid elongation " and 11 bud initiation 11; 

300 ppb ethylene for two weeks produced the same effect. An ethylene 

concentration of 5 00 ppb for two weeks was needed to significantly 

reduce the stem length of plants treated after pinc hing. 

A dosage term (ppb-days), following work by Bard en (7), was 

used to correlate eth ylene concentration and treatme nt durati on with 

the extent of p lant damage . Ethylene's effect on carnation 1) stem 

length, 2) leaf length, 3) leaf width, 4) intern ode length, 5) fres h 

weight, 6) dry weight, and 7) laterals per stem was n oted . P lant 

damage o ccurred even at low dosages although the extent of damage 

was often statistically insignificant compared to the c ontrol. 
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T he need for using a fi lt ered c ontro l was est ablished . R elative ly 

speaking, plant growth is affected more rapidly by low ethy len e dosages 

than by higher dosages . It is suspected that the control p lants sus -

tained some growth damage by rece iving ambient ethylene levels 

(about 25 ppb in Fort Collins) . A clearer distinction between the c on -

tr ol and treated p lant s wou ld h ave been obtaine d if the c ontr ol had been 

filtered . 

Low eth y lene dosages producing c h r onic p lant dam ag e may b e a 

ser i ous threat to greenhouse operations. Chronic damage is difficult 

to detect visually unless the treated plants can be compared to plants 

grown in an ethylene-free environment. It appears that most urban 

areas have ambient ethylene levels hi gh enough to cause some p l ant 

damage. It is up to the grower t o decide how much damag e i s serious. 

Presently , t here are n o practical methods for filtering ethy le n e on a 

la rg e scal e. T h e owner of an established gr eenhous e range in an urban 

area c a n do n ot h in g about ambien t ethy l ene c on c entrat i ons . However, 

ethylene leve ls in u rban areas s h ould b e c onsider ed b efore a grower 

chooses a site for a new range . 



63 

LITERATURE CITED 

1. Abeles, F. B. 1972. Biosynthesis and mechanism of action 
of ethylene. Ann. Rev. Plant. Physiol. 23:259 -292. 

2 . Abeles, F . B. 1973 . Ethylene in Plant Biology . Academi c 
Press, New York . 302 pp . 

3. Abeles, A . L. and F. B. Abeles. 19 7 2. Biochemical pathway 
of stress -induced ethylene . Plant Physiol. 5 0:496 -49 8. 

4. Abeles, F . B. and H . E . Heggestad. 1973. 
air pollutant. J. Air Poll. Control As soc. 

Et hylene: An urban 
23(6):51 7 -521 . 

5. Altshuller, A. P . and J. A. Bellar. 1963. Gas chromatographic 
analysis of hydrocarbons in the Los Angeles atmosphere. J. 
Air Poll . Control Assoc. 13(1):81-87. 

6. Altshuller, A. P . and C . A. Clemons. 1962. Gas chromatograhic 
analysis of aromatic hydrocarbons using flame ionization detection. 
Anal. Chem . 34:466. 

7. Barden, L. E . 1972 . 
life . M. S , Thesis . 

Effect of ethylene on carnation keeping 
Colo , St. Univ ,, Ft. Coll ins, Colo . 62 pp , 

8 . Bellar , T ., J, E . Sigsby, C . A. Clemons, and A. P. Alts huller, 
1962 , Direct application of gas chromatography to atmospheric 
pollutants . An al. Chem. 34:763 -765. 

9. 

1 0. 

11. 

Beyer, E, M. and P. W. Morgan . 1969 . 
of an auxin pulse in cotton stem sections . 
1690-1694. 

Ethylene modifi cation 
Plant P hy siol . 44: 

Beyer, E. M. and P. W. Morgan. 1970. Effect of ethylene on 
4 the uptake, distr i bution, and metabolism of Indoleaceti c ac i - 1 - 1 C 

and -2 - 14c and Naphthaleneacetic ac i d-1 - 14c, Plant Phys i o l. 
46:157-162. 

Beyer, E . M , and P. W. Morgan . 1971. 
of ethylene modification of auxin transport. 
208-212. 

Absciss i on: T he ro le 
Plant P h ysiol. 48 : 



64 

12. Brandt, C. S . and W . W. Heck. 1968. Effects of a i r pollut a nts 
on vegetat ion , p. 401 to 443 . In Stern , A. C . (ed . ) Ai r Po lluti on. 
Vol. 1 . Academic Press, New York. 

13. B ur g, S . P . 19 6 2. 
Rev . Plant P hysiol. 

The p h y s i ology of e t h ylen e fo rmati on. 
13 :265 - 302. 

Ann . 

14. Burg, S . P. and E. A. Burg. 1962. Role of eth ylene in fr uit 
ripening. Plant Physiol. 37:179-189, 

15. Burg, S. P . a n d E. A . Burg. 1965. Ethylene action a n d t he 
ripening of fruits. Science. 148:1190 - 1196, 

16 . Burg, S. P . a n d E . A. Burg. 1967. 
tran sport by ethy len e . Plant Physiol. 

Inhibition of pol ar auxin 
4 2: 1224 -1 22 8 . 

17. Craker, L . E. 1971. Ethylene production from ozone injured 
plants. Environ . Poll. 1(4):299-304. 

18. Craker, L. E., F. B. Abeles, and W. Shropshire, Jr. 1973 . 
Light-induced ethylene production in sorghum. Plant Physiol. 
51:1082-1083. 

19. Crocker, W. 1948. Physiological effects of ethylene and other 
unsaturated carbon-containing gases . In Growth of Plants. 
Reinhold Publishing Corp. New York. p 139-171. 

20 . Crocker, W . , A . E . Hitchcock, a n d P . W . Z i m m erman . 19 3 5 . 
Similarities in the effects of ethylene and p l ant auxins . Con tr . 
Boyce T h ompson In st. 7:231-248 . 

21 . Crocker, W . and L . I. Knight. 1908 . Effect of illuminatin g 
gas and ethylene upon flower ing carnat ions . Bot . Gaz . 4 6 : 
259 - 275 . 

22. Crocker , W. , P . W . Z i m m erman , and A , E . H i tc h cock . 193 2 . 
Eth ylene -induced epinasty of leaves and the relationship of 
gravity to it. Con tr. Boyce Thompson Inst. 4: 1 77 - 218 . 

23. Denn y, F. E. a n d L . P. M il ler. 1935 . Production of ethyl ene 
by plant tis sue as indicated by the epinastic response of lea v e s. 
Contr. Boyce T hompson In st. 7:97 - 102 . 

24. Goeschl, J , D., H . K . Pratt, andB. A . Bon ner . 1967. An effe c t 
of lig ht on the production of e thylene and t h e growth of the p lumula r 
portion of etiolated pea seedlings. Plant Phys i ol. 42: 1 077 - 1080 . 



25. Hanan, J. J. 
greenhouses. 

65 

1972. Use of natural ga s for CO2 producti on in 
Coto. Flower Growers Assoc., Inc, Bull. 262 . 

26 . Hanan, J. J. 1973, Ethylene d o sag es in D enver and marketab ility 
of cut-flower carnations . J. Air Pott. Control Assoc. 2 3 :522 - 524 . 

27 . Hasek, R. F . , H. A. James, and R.H. Sciaroni. 1969, Ethylene: 
its effect on flower crops. Florists' Review. 144(3721) :21, 
6 5 -6 8, 7 9 -8 2; 144 ( 3 7 2 2): 1 6 - 1 7, 5 3 -5 6 . 

28. Heck, W . W . andE . G . P i res. 1962 . Effect of ethylene on 
h orticultural and agronomic crops. Tex. Agr . Exp. Sta. M P 613 . 
12 pp . 

29. Heck, W . W . , E.G. P i res, and W. C. Hall. 1961. 
low ethylene concentrations on the growth of cotton. 
Control As s o c . 11 ( 1 2) : 5 4 9 - 5 5 6 . 

Effects of 
J. Air Po lL 

30. Heggestad, H. E. 1968. Diseases of crops and ornamenta l 
plants incited by air pollutants. Phytopathology. 5 8: 1089 -1 09 7. 

31. 

32. 

33. 

34. 

Hatley, W. D. and R . Baker. 1963. 
C. Brown Co., Inc., Dubuque, Iowa. 

Jacks on, M. B. and D. J. Osborne. 
regulator of leaf abscission. Nature. 

Carnation Production . 
142 pp. 

Wm . 

1970. Ethylene, the natural 
225:1019-1022 . 

Ku, H. S . and A. C . Leopold. 1970. Mitochondrial respon ses 
t o ethylene and oth er hydrocarbons. P lant P hysiol. 4 6 : 842 -844 . 

L i eberman, M . , S. Asen, and L. W. Maps on . 
oxide an antagoni st of ethy l ene in metabolism. 
756-75 8 . 

1964. Ethylene 
Nature . 204: 

35 , Lyon, C. J . 1970 . Ethylene inhibition of auxin tran sport b y 
gravity in leaves . Plant Physiol. 45:644-646 . 

36. Lyon s, J. M . , W . B . McGlasson, and H. K. Pratt. 1962 . 
Ethylene production, respiration, and internal gas c oncentrati ons 
in canteloupe fruits at various stages of maturity. Plant P hysi o l . 
37:31-36. 

37. Michener, H. D . 1938. The action of ethylene on p l ant g r owth. 
Amer. J. Bot. 25 :711-720. 



66 

3 8. Middleton, J. T., E. F. Darley, and R. F. Brewer . 1958. 
Damage to vegetables from polluted atmospheres. J. Air Poll. 
Control Assoc. 8(1):9-15. 

39. Morgan, P. W . an d H. W. Gausman. 1966. Effects of ethy len e 
on auxin transport. Plant Physiol. 41 :45 -52. 

40. Neligan, R. E., P. P. Mader, and L.A. Chambers. 1961. 
Exhaust composition in relation to fuel consumption. J. Air 
Poll. Control Assoc. 11(1):178-186. 

41. Nichols, R . 1968 . The response of carnations (Dianthu s 
caryophyllus) to ethylene. J. Hort. Sci. 43:335-349 . 

42. Nichols, R . 1971. Induction of flower senescence and gynaec ium 
development in the carnation (Dianthus caryophyllus) by ethylene 
and 2-chloroethylphosphonic acid. J. Hort. Sci. 46:323 -332 . 

43. Nitsch, C . and J. P. Nitsch. 1969. 
short-day plant, Plumbago indica L., 
acid. Plant Physiol. 44:1747-1748. 

Floral induction in a 
by 1 -chloroethanephosphonic 

44. Palmer, J. H. and D. M. Halsall. 1969. Effect of transverse 
gravity stimulation, giberellin, and indoleacetic acid upon 
polar transport of IAA C 14 in the stem of Helianthus annus. 
Physiologia Plantarum. 22 :59 -67. 

45. Pratt, H . K . and J . D. Goeschl. 1969 . Physiological role of 
ethylene in plants. Ann. Rev. Plant Physiol. 20:541 -584 . 

46. Rudich, J., N. Kedar, and A.H. Halevy . 1970. Changed sex 
expression and possibilities for F-1 hybrid seed producti on in 
some Cucurbits by application of Ethrel and Alar(B -995). 
Euphytica. 19(1):47-53. 

47 . Smith, W. H. and J. C. Parker. 1966. Prevention of ethylene 
injury to carnations by low concentrations of carbon dioxide . 
Nature. 211:100-101. 

48. Snedecor, G . W. and W. G. Coch ran. 1967. Statistic a l Methods , 
6th ed. Iowa State University Press, Ames, Iowa . Chaps . 10, 11. 

49 , Stephens, E. R. and F. R. Burleson. 1967. Analy sis of the 
atmosphere for light hydrocarbons. J . Air Pol l. Control Assoc . 
17:147-153. 



L 

67 

50. Stephens , E. R. and F. R. Burleson. 1969. Distributi on of 
light hydrocarbons in ambient air. J. Air Poll. Control Assoc. 
19:929-936. 

51 . Uota, M . 1969. Carbon dioxide suppression of ethyl ene -induced 
sleepiness of carnation blooms. J. Amer. Soc. Hort. Sci. 
94:598-601. 

52. Uota, M. 197 0. Sleepiness of carnation blooms - -how much ethylene 
does it take ? Florists I Review. 146(3772):35, 65-67 . 

53. Wilcox, E. M. 1911. Injurious effects of illuminating gas upon 
greenh ouse plants. Ann. Rept. Neb. St . Hort. Soc. p . 27 8-285 . 

54 . Zimmerman, P . W., A. E. Hitchcock, and W. Crocker . 19 3 1. 
The effect of ethylene and illuminating gas on roses. Con tr. 
Boyce Thompson Inst. 3:459-481. 



APPENDICES 



Table 1. Data averages from continuous and periodic ethylene treatments. Continuous treatme nt 
from time of planting, April 4, 1973, to flowering. Periodic treatment (five 2 - day 
treatments over a seven week period) with carnations showing two to four fully expande d 
leaf pairs at the start of treatment. Data collected when at least one flower was open 
per pot. 

Stem Leaf Leaf No. Internode No. of Fresh Dry 
Height Length Length Width of Length Laterals Weight W e i ght 

Treatment (cm) (cm) (cm) (cm) Nodes (cm) pe r Stem (g) ( g) 

Continuous 

control 82.6 71.1 7.8 1. 1 13. 0 5.5 6.5 155. 1 32.3 

100 ppb 47.9 39.3 5.4 1. 1 12. 5 3.2 7.8 113. 1 20 . 6 

300 ppb 34.8 27.0 4.8 1. 0 12.7 2. 1 8.3 101. 4 18 . 4 

500 ppb 29.1 21.9 4.4 1. 0 12. 1 1.8 8.2 87.2 15.7 

Periodic 

control 90.2 86 . 6 10. 0 1. 3 14. 9 5.8 9,4 273.8 40.4 

100 ppb 84.5 80.3 9.0 1. 2 15. 1 5.3 9.0 242 .7 35.9 

30 0 ppb 81. 0 78.7 9. 1 1. 3 14.9 5.3 9.6 243.4 3 7 .8 

500 ppb 76.8 75.7 8.6 1. 4 14. 9 5. 1 10.0 259.8 46.8 

O" 

'° 



Table 2: Data averages from tw o week ethylene treatment (8/30/73 - 9/13/73). Data collected 
w hen at least one fl ower was open per p ot. Ethylene appl i ed when plants were at: 
1) "rapid el ongati on," 2) " bud initiati on, 11 3) 11pinched. 11 

Stem Leaf Leaf No. Intern o de No . of Fresh 
Growth Height Length Length Width of Length Laterals Weight 

Treatment St age (cm) (cm) (cm) (cm) Nodes (cm) per Stem (g) 

c:onti -ol 1 72.0 65.8 7. 1 1.2 13. 3 4 . 8 8 .1 177 . 6 
2 88.8 83.6 8 . 4 1. 3 14 . 6 5.7 10 . 0 290. 4 
3 92.0 87 . 6 9.5 1.4 14.6 6.0 8 . 8 294 . 8 

100 ppb 1 67.3 62. 1 5.6 1. 1 14.6 4.3 7 . 9 171. 1 
2 87. 8 76.9 6. 1 1. 2 14 . 4 5.3 1 o. 2 328.3 
3 91. 0 87 . 3 9.4 1.3 14 . 8 5.9 10.0 315.4 

300 ppb 1 68.5 61.7 5.3 1.0 14 . 7 4.2 8 . 8 203.0 
2 83 . 0 76.9 5. 0 1. 1 14 . 2 5.4 9 . 3 260 . 0 
3 87.3 80.9 8 .2 1. 2 13.8 5.9 9. 1 250. 2 

500 ppb 1 59 .3 50 . 6 6.4 1.1 14.3 3.6 8 . 7 172 .7 
2 78.8 73.5 5.3 1. 1 14.4 5. 1 10. 5 309. 9 
3 80 . 0 74 . 2 8.8 1. 3 14.0 5.3 9 . 8 313 .5 

Dry 
Weight 
(g) 

30.l 
50 .3 
54.2 

26. 6 
47.6 ...J 
55 . 2 0 

35.0 
40 . 9 
44.7 

29. 2 
49. 7 
53. 3 



Table 3 . Data averages from two week ethylene treatment (9/25/73 - 10/9/73). Data collected 
when at least one flower was op en per pot. Ethylene applied when plants were at: 
1) "rapid elongation, 11 2) "bud initiation, 11 3) "pinched. 11 

Stem Leaf Leaf No. Internode No . of Fresh Dry 
Growth Height Len gth Length Width of Length Laterals Weight Weight 

Treatment Stage (cm) (cm) (cm) (cm) Nodes (cm) per Stem (g) (g) 

c ontrol 1 92.8 85.6 7.4 1. 3 14.9 5 . 7 10.0 27 0.5 40. 5 
2 89. 5 87 . 5 9.8 1. 4 14.7 6.0 9. 1 266.5 46.8 
3 94.8 90 . 7 1 o. 4 1.4 15.3 6.0 9,9 328.3 47.8 

100 ppb 1 86.3 75.4 6.2 1. 2 14 . 5 5.2 1 o. 3 295.3 42.3 
2 86. 0 84.1 8.9 1. 3 14. 1 6.0 9 . 0 284.3 40. 6 
3 94.3 90. 5 9.3 1. 3 14.3 6 . 4 10.3 299 , 2 42.6 

300 ppb 1 83.8 76 . 0 6.0 1. 1 14.5 5.2 10 . 2 287.3 40 . 4 
2 81. 5 76.9 7.9 1. 2 13. 8 5.6 10 . 0 300. 2 42.6 
3 90. 8 86 . 5 10 . 6 1.4 14.5 6.0 10.3 306 . 4 49.4 

500 ppb 1 76.3 67.5 4 . 9 1.0 15 . 0 4 . 5 10. 4 332.7 53.7 
2 75.8 72.5 6 .7 1. 2 14 . 2 5. 1 10 . 1 323.9 51. 6 
3 80 . 3 75 . 0 8.9 1.4 14.8 5. 1 11. 1 366.6 65.7 

....J ...... 



Table 4. Data averages fr om one wee k ethylene treatment (10/ 11 /73 - 10/ 18/73). Data collect e d 
when at least one flower was open per pot. Ethylene applied when plants were at: 
1) 11 showing bud color, 11 2) 11pinched, 11 3) 11planted. 11 

Stem Leaf Leaf No. Internode No . of Fresh Dry 
Growth Height Length Len gth Width of Length Laterals Weight W e ight 

Treatment Stage (cm) (cm) (cm) (cm) Nodes (cm) per Stem (g) (g) 

control 1 74.0 70. 1 14.7 4.8 8.5 225.3 36.5 
2 97.3 96.5 1 o. 4 1.5 15.6 6.2 1 o. 8 305.9 45.3 
3 98. 5 97.6 10 . 8 1. 4 16.0 6. 1 9.7 316.2 48. 1 

100 ppb 1 75.5 68. 7 -; 14.2 4.9 8.7 190.6 33. 1 
2 93.0 92.7 11. 2 1.5 15. 8 5.9 1 o. 1 276.1 41. 5 
3 96.5 95. 1 1 o. 6 1.4 15. 1 6.3 1 o. 3 353.5 56.8 

300 ppb 1 71. 5 65.1 13.9 4 . 7 8. 1 167.5 31. 3 
2 94.3 91. 1 1 o. 7 1.5 14.8 6.2 10. 0 267.7 42.2 
3 92.3 89. 8 10. 6 1.4 14.5 6.2 9.5 308. 5 5 o. 1 

500 ppb 1 73.8 64.9 13.8 4.8 6.2 179.5 30.5 
2 82.3 79.5 9 . 9 1. 4 16.3 5.0 11.5 363.9 66.9 
3 83. 8 81.1 9 . 7 1.5 15.5 5.2 10. 9 340.6 61.5 
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Table 5. Data averages from three day ethylene treatment (11/9/73 - 11/12/73). Data collected 
when at least one flower was open per pot. Ethylene applied when plants were at: 
1) "rapid elongation, " 2) "bud initiation." 

Stem Leaf Leaf No. Internode No. of Fresh Dry 
Growth Height Length Length Width of Length Laterals Weight Weight 

Treatment Stage (cm) (cm) (cm) (cm) Nodes (cm) per Stem (g) (g) 

control 1 91. 5 88.3 9.8 1. 4 14.8 6.0 9.8 295.2 42.1 
2 95.3 92. 1 10.5 1.5 15.3 6.0 10. 2 332.4 53.5 

l 00 ppb 1 91.5 85.7 9.4 1.4 14.7 5.8 1 o. 9 352.1 47.0 
2 93.0 89. 1 1 o. 3 1.5 14.8 6.0 9.4 329. 6 52 .0 

300 ppb 1 88.3 86.3 9.9 1.5 15.2 5.8 1 o. 9 352.6 50.9 
2 88.7 85.4 l 0. 1 1.4 14.8 5.7 11. 0 330.5 50.5 

500 ppb 1 82.7 78. 1 9.4 1. 4 14.8 5.3 11. 4 416.7 69.4 
2 80.2 76.5 1 o. 3 1.5 14.7 5.2 11.7 367.2 64.9 

-.J 
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