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Ethylene sangat umum dikenal sebagai 

hormone yang mendorong pemasakan 

buah dan penuaan tanaman.  Tetapi 

hormone ini sesungguhnya mempunyai 

multi fungsi dalam pertumbuhan dan 

penuaan tanaman yang dapat dipromosi 

atau dihambat tergantung pada banyak 

factor (konsentrasi, waktu aplikasi dan 

spesie tanaman). 

We must use time wisely and forever realize that the time is always ripe to do 

right. - Nelson Mandela 

 
 

 
Fig. 1 Schematic representation of flower senescence in H. rosa-sinesis L.. 

Representative flowers in bud (B), open (OF) and senescent (SF) flower 

stages. Ethylene changes in different flower organs, petal (pink line bar), 

style-stigma plus stamens (S-S+S; orange line bar) and ovary (yellow line 

bar). Data from Trivellini et al. (2011b). Ethylene biosynthetic (ACS and 

ACOs) and ethylene response factor genes (ERFs) differentially expressed in 

senescence flower organs. Red and blue indicate up-regulation and down-

regulation, respectively. Data from Trivellini et al. (2016).  Source: Iqbal et 

al. (2017) 
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LECTURE OUTCOMES 
After the completion of this lecture and mastering the lecture 

materials, students should be able to 
1. explain the discovery of ethylene and emanations from ripe fruits 

such as oranges.  
2. explain the biosynthesis of ethylene including the chemical 

structure and biosynthesis pathway. 

3. explain the signal transduction of ethylene including experimental 
approach used to study its receptors. 

4. explain the gene expression of ethylene including specific 
transcription factors and genetic epistasis. 

5. explain the effects of ethylene ranging from ripening of some fruits 

up to commercial uses of ethylene. 
 

 

LECTURE OUTLINE 
1. INTRODUCTION 

1. The discovery of Ethylene 

2. Emanations 

2. ENTHYLENE BIOSYNTHESIS 

1. Chemical Structure 
2. Biosynthesis Pathway 
3. Promoting Factors of Ethylene 

Biosynthesis 
4. Inhibitors of Ethylene 

5. Cell 

3. SIGNAL TRANSDUCTION 
1. Experimental Approach 

2. Ethylene Receptors 
3. Copper Cofactor 

4. Unbound Ethylene Receptors 
 

5. A Serine/Threonine Protein Kinase 
6. EIN2 Gene 

4. GENE EXPRESSION 
1. Specific Transcription Factors 

2. Genetic Epistasis 

5. EFFECTS OF ETHYLENE 
1. Ripening of Some Fruits 

2. Leaf Epinasty 
3. Seedling Growth 

4. Growth of Submerged Aquatic 
Species 

5. Root and Root Hair Formation 

6.  and Senescence 
7. Commercial Uses of Ethylene 

 

 
 

1. INTRODUCTION 
 

1. The Discovery of Ethylene 
 Research leading to the discovery of ethylene as a plant hormone started in 

the 1800s as initiated by the event of tree defoliation. 
- During the nineteenth century, when coal gas was used for street 

iIlumination, it was observed that trees in the vicinity of streetlamps 

defoliated more extensively than other trees.  
 In 1901, Dimitry Neljubov, a graduate student at the Botanical Institute of 

St. Petersburg in Russia, observed that dark-grown pea seedlings in the 
laboratory exhibited symptoms that were later termed the triple response: 
reduced stem elongation, increased lateral growth (swelling), and abnormal, 

horizontal growth (Fig. 22.1). 
 It became apparent that coal gas and air pollutants affect plant growth and 

development, and ethylene was identified as the active component of coal 
gas. 
 

 



 

Page 3 of 20 
 

Plant Pysiology/Ethylene/S.M. Sitompul  2017 The University of Brawijaya 

Illustration of the effect of a leaking 

illuminating gas main on nearby 

trees in a small German town in the 

late 1800s. 
 

 
 

 
 
 

 
 

 
 
 

http://labs.bio.unc.edu/Kieber/Ethylene%20history.htm 
 
 

Fig. 22.1 Triple response of 

etiolated pea seedlings. Six-day-

old pea seedlings were grown in 

the presence of 10 ppm (parts 

per million) ethylene (right) or 

left untreated (left). The treated 

seedlings show radial swelling, 

inhibition of elongation of the 

epicotyl, and horizontal growth 

of the epicotyl (diagravitropism). 

(Courtesy of S. Gepstein.) 

 
 

2. Emanations 
 The first indication that 

ethylene is a natural product 

of plant tissues was published by H. H. 
Cousins in 1910.  

 Cousins reported that “emanations“ from 
oranges stored in a chamber caused the 
premature ripening of bananas when these 

gases were passed through a chamber 
containing the fruit. 

- The above case is similar to a case of 
ripening of an unripe banana stored with 

a ripe tomato.  
 However, given that oranges synthesize relatively little ethylene compared to 

other fruits, such as apples, it is likely that the 

oranges used by Cousins were infected with 
the fungus Penicillium, which produces 

copious amounts of ethylene.  
 In 1934, R. Gane and others identified 

ethylene chemically as a natural product of 

plant metabolism, and because of its dramatic 
effects on the plant it was classified as a 

hormone. 
 For 25 years ethylene was not recognized as 

an important plant hormone. 
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- After gas chromatography was introduced in ethylene research in 1959, 

the importance of ethylene was rediscovered and its physiological 
significance as a plant growth regulator was recognized. 

 
 

2. ETHYLENE BIOSYNTHESIS 
 

1. Chemical Structure 
 Ethylene (C2H4) is the simplest olefin (alkene, 

CnH2n) with a molecular weight of 28. 
 It is lighter than air under physiological  
 conditions, and readily undergoes oxidation. 

 Ethylene, usually measured by gas 
chromatography, can be produced by almost all plants at rates depending on 

tissue type and developmental stage. 
 Ethylene production increases during leaf abscission flower senescence, as 

well as during fruit ripening.   

 Ethylene biosynthesis can be induced by wounding and physiological stresses 
such as flooding, disease, and temperature or drought stress.  

 

2. Biosynthesis Pathway 
 The amino acid methionine is the precursor of ethylene and 1-

aminocyclopropane-1-carboxylic acid (ACC) as an intermediate in the 
conversion of methionine to ethylene. 

 Experiments in vivo showed that plant tissues convert [14C]methionine to 
[14C]ethylene, and that the ethylene derived from carbons 3 and 4 of 

methionine.  

 The CH3S group of methionine is recycled via the Yang cycle (Fig. 22.2). 
 In general, when ACC is supplied exogenously to plant tissues, ethylene 

production increases substantially. 
- This indicates that the synthesis of ACC is usually the limiting synthetic 

step in ethylene production in plant tissue. 
 

 
Fig. 22.2 Ethylene biosynthesis 
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Fig. 22.2 Ethylene biosynthetic pathway and the Yang cycle. The amino acid 

methionine is the precursor of ethylene. The rate-limiting step in the pathway is the 

conversion of AdoMet to ACC, which is catalyzed by the enzyme ACC synthase. The 

last step in the pathway, the conversion of ACC to ethylene, requires oxygen and is 

catalyzed by the enzyme ACC oxiclase. The CH3-S group of methionine is recycled via 

the Yang cycle and thus conserved for continued synthesis. Besides being converted 

to ethylene, ACC can be conjugated to N-malonyl ACC. AOA = aminooxyacetic acid; 

AVG = aminoethoxy-vinylglycine. (After McKeon et al. 1995.) 

 
 

3. Promoting Factors of Ethylene Biosynthesis 
 Ethylene biosynthesis is stimulated by several factors, including 

developmental state, environmental conditions, other plant hormones, and 
physical and chemical injury.  

 Ethylene biosynthesis also varies in a circadian manner, peaking during the 

day and reaching a minimum at night. 
- As fruits mature, the rates of ACC and ethylene biosynthesis increase 

(Fig. 22.3). The activity of ACC oxidase and ACC synthase also increase, 
as do the mRNA levels for subsets of the genes encoding each enzyme.  

- However, application of ACC to unripe fruits only slightly enhances 

ethylene production. 
- The last case indicates that an increase in the activity of ACC oxidase is 

the rate-limiting step in ripening. 
 
 
Fig. 22.3 Changes in the ACC 

concentrations, ACC oxiclase activity, 

and ethylene during ripening of Golden 

Delicious apples. The data are plotted as 

a function of days after harvest. 

Increases in ethylene and ACC 

concentrations and in ACC oxiclase 

activity are closely correlated with 

ripening. (After Yang 1987.) 
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4. Inhibitors of Ethylene 
 INHIBITORS OF ETHYLENE SYNTHESIS  

- Aminoethoxyvinylglycine (AVG) and aminooxyacetic acid (AOA) 

block the conversion of AdoMet to ACC (Fig. 22.2).  
- AVG and AOA are known to inhibit enzymes that use the cofactor 

pyridoxal phosphate, including ACC synthase. 

- -Aminoisobutyric acid (AlBA) and cobalt ions (Co2+) also inhibit the 
ethylene biosynthetic pathway, blocking the conversion of ACC to 

ethylene by ACC oxidase, the last step in ethylene biosynthesis. 
 

 INHIBITORS OF ETHYLENE ACTION  
- Most of the effects of ethylene can be antagonized by specific ethylene 

inhibitors.  

- Silver ions (Ag+) applied as silver nitrate (AgNO3) or as silver thiosulfate 
[Ag(S2O3)2

3-] are potent inhibitors of ethylene action. Silver is very 

specific; the inhibition it causes cannot be induced by any other metal 
ion. 

- Carbon dioxide at high concentrations (5-10%) also inhibits many effects 

of ethylene, such as the induction of fruit ripening, although CO2 is less 
efficient than Ag+.  

- This effect of CO2 has often been exploited in the storage of fruits, whose 
ripening is delayed at elevated CO2 concentrations.  

 

 ETHYLENE ABSOPRTION 
- Because ethylene gas is easily lost from its tissue of origin and may affect 

other tissues or organs, ethylene-trapping systems are used during the 
storage of fruits, vegetables, and flowers.  

- Potassium permanganate (KMnO4) is an effective absorbent of ethylene 

and can reduce the concentration of ethylene in apple storage areas from 

250 to 10 L L-1, markedly extending the storage life of the fruit. 

- The respiration rate of mango fruits was hampered by the application of 
KMnO4. 
 
Figures 1-4: Changes in respiration rate of ‘Kitchener’ mango fruits in carton 

boxes lined with perforated 

polyethylene films without KMnO4(o), 

with 1 g KMnO4 (Δ) or with 2 g KMnO4 

(□) compared with control fruits in 

carton boxes unlined and without 

KMnO4 (●), during storage at 18 ± 1 

°C and 85%-90% relative humidity.  

Elzubeir et al. (2017) 

Figures 1-4: Changes in respiration 

rate of ‘Kitchener’ mango fruits in 

carton boxes lined with perforated 

polyethylene films without KMnO4(o), 

with 1 g KMnO4 (Δ) or with 2 g KMnO4 

(□) compared with control fruits in 

carton boxes unlined and without 

KMnO4 (●), during storage at 18 ± 1 

°C and 85%-90% relative humidity.  

Elzubeir et al. (2017) 
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3. SIGNAL TRANSDUCTION 
 

1. Experimental Approach 
 The primary steps in ethylene action is the binding of ethylene to a receptor.  

 This is followed by activation of one or more signal transduction pathways 
leading to the cellular response. 

 The cellular response is ultimately executed primarily by altering the pattern 

of gene expression.  
 The triple-response morphology of etiolated Arabidopsis seedlings has been 

used as a screen to isolate mutants affected in their response to ethylene  
 (Fig. 22.5). 

 
Fig. 22.5 The triple response in Arabidopsis. Three day-old 

etiolated seedlings grown in the presence (right) or absence (left) 

of 10 ppm ethylene. Note the shortened hypocotyl, reduced root 

elongation, and exaggeration of the curvature of the apical hook 

that results from the presence of ethylene. (Courtesy of J. 

Kleber.) 

 
 

 Two classes of mutants have been identified by 

experiments in which mutagenized Arabidopsis seeds were 
grown on an agar medium in the presence or absence of 

ethylene for 3 days in the dark: 
1. Mutants that fail to respond to exogenous ethylene  

(ethylene-resistant or ethylene-insensitive mutants)  

tall seedlings. 
2. Mutants that display the response even in the absence of ethylene 

(constitutive mutants)  triple response. 

 

2. Ethylene Receptors 
 The first receptor considered was ETR1 (ETHYLENE RESPONSE 1) based on 

evidence including the ethylene insensitivity of the etr1 mutants (Fig. 22.6) 

and confirmation with binding studies. 
 The receptors function as negative regulators of ethylene signaling In the 

absence of the hormone. 

 
 
Fig. 22.6 Screen for the etr1 mutant of 

Arabidopsis. Seedlings were grown for 3 days 

in the dark in ethylene. Note that all but one of 

the seedlings exhibit the triple response: (1) 

exaggeration in curvature of the apical hook, 

(2) inhibition and radial swelling of the 

hypocotyl, and (3) horizontal growth. The etr1 

mutant is completely insensitive to the 

hormone and grows like an untreated seedling. 

 
 

 The Arabidopsis genome encodes four 
additional proteins that also function as 

ethylene receptors: ETR2, ERS1 
(ETHYLENE-RESPONSE SENSOR 1), ERS2, 

and EIN4 (ETHYLENE INSENSITIVE4) (Fig. 
22.7). 
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Fig. 22.7 Schematic diagram of five ethylene receptor proteins and their functional 

domains. The GAF domain is a conserved cGMP-binding domain, found in a diverse 

group of proteins, that generally acts as small molecule-binding regulatory domains. 

H and D are histidine and aspartate residues that participate in phosphorylation. 

Note that EIN4, ETR2, and ERS2 have degenerate histidine kinase domains, meaning 

that they are missing critical, highly conserved amino acids that are required for 

histidine kinase catalytic activity. 

 

 
 All of the five receptor proteins share at least two domains: 

1. The amino-terminal domain spans the membrane at least three times and 
contains the ethylene-binding site. Ethylene can readily access this site 
because of its hydrophobicity.  

2. The carboxy-terminal half of the ethylene receptors contains a domain 
homologous to histidine kinase catalytic domains. 

 The five Arabidopsis ethylene receptors have been shown to interact with 
each other in the plant, forming large multisubunit complexes. 

 ETR1 and the other four ethylene receptors in Arabidopsis are located on the 

endoplasmic reticulum.  
 However, ETR1 may also be localized to the Golgi apparatus, at least in 

roots. 
 Constitutive triple response 1 (CTR1), a Raf-like serine/threonine (Ser/Thr) 

kinase, is involved in  the activity of ethylene receptors (Fig. 1). 
 
 
Fig. 1. The ethylene signaling pathway.  

Five different types of ethylene receptors 

are present in Arabidopsis thaliana: ETR1, 

ERS1, EIN4, ETR2, and ERS2. Each contain 

N-terminal transmembrane, GAF, and 

histidine (His) kinase domains, and ETR1, 

EIN4, and ETR2 also contain a receiver 

domain. Ethylene receptors likely evolved 

from bacterial and yeast two-component 

regulators which have similar signal input 

and output domains with His kinase 

activity.  Source: Gallie (2015). 
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 In the absence of the hormone, CTR1 is activated by ethylene receptors. 

- Mutants that lack the triple response are ethylene insensitive when 
treated with exogenous ethylene, and  

- mutants that exhibit the triple response even in the absence of ethylene 
are constitutive response mutants. 

 CTR1 activity is repressed after the binding of ethylene to a receptor that 
hampers CTR1 phosphorylation leading to proteolytic processing of EIN2 to 
release its C-terminal domain. 

 The C-terminal domain migrates to the nucleus to activate a transcriptional 
cascade involving EIN3/EIN3-like and ethylene response factor (ERF) 

transcription factors. 
 
 
Fig. 1. Genetic diagram of the core 

ethylene signaling pathway. The 

ethylene signal represses the 

function of the five ethylene 

receptor genes (ETHYLENE 

RESPONSE1 [ETR1], ETHYLENE 

RESPONSE SENSOR1 [ERS1], ETR2, 

ETHYLENE INSENSITIVE4 [EIN4], 

and ERS2), which otherwise repress 

ethylene responses through the 

negative regulator CONSTITUTIVE 

RESPONSE1 (CTR1). Ethylene 

responses are positively regulated 

by EIN2, EIN3, and downstream 

primary and secondary ethylene-

responsive genes, such as 

ETHYLENE RESPONSE FACTOR1 

(ERF1). Representative seeding 

phenotypes in the triple response 

assay (ethylene insensitivity or 

constitutive ethylene response) are 

shown for the dominant gain-of-

function mutations in the ethylene 

receptor genes and the loss-of-

function mutations in CTR1, EIN2, 

and EIN3/ETHYLENE 

INSENSITIVE3-LIKE1 (EIL1). Arrows indicate activation, and T-bars indicate 

repression of the pathway.  Source: Ju & Chang (2015) 

 
 

3. Copper Cofactor 
 Ethylene binding requires a copper ion [Cu(1)] cofactor, which is supplied by 

the P-type adenosine triphosphatase copper transporter RAN1 (Fig.2).  

- The copper cofactor is also required for ethylene receptor biogenesis. 
 Analysis of the ETR1 ethylene receptor expressed in yeast demonstrated that 

a copper ion was coordinated to the protein and that this copper was 
necessary for high-affinity ethylene binding. 

 Evidence that copper binding is required for ethylene receptor function in 

vivo came from identification of the RAN1 (RESPONSIVE-TO-ANTAGONIST1) 
gene in Arabidopsis.  

 Strong ran1 mutations block the formation of functional ethylene receptors. 
 
 



 

Page 10 of 20 
 

Plant Pysiology/Ethylene/S.M. Sitompul  2017 The University of Brawijaya 

 
Fig. 2. Schematic model of the ethylene signaling pathway. In the absence of 

ethylene perception (left), the formation of functional ethylene receptors depends on 

a copper cofactor provided by the copper transporter RESPONSIVE TO ANTAGONIST1 

(RAN1), as well as activation by REVERSION-TO-ETHYLENE SENSITIVITY1 (RTE1), 

which depends on cytochrome b5 (Cb5). 

 

 

4. Unbound Ethylene Receptors 
 The five Arabidopsis ethylene receptors (ETR1, ETR2, ERS1, ERS2, and EIN4) 

are functionally redundant based on the study of targeted disruption 

(complete inactivation). 
- That is, disruption of any single gene encoding one of these proteins has 

no effect, but a plant with disruptions in multiple receptor genes exhibits 

a constitutive ethylene response phenotype (Fig. 22.8D).  
 Ethylene responses, such as the triple response, become constitutive when 

the receptors are disrupted indicating that the receptors are normally "on" 
(i.e., in the active state) in the absence of ethylene. 

 The function of the receptor minus its ligand (ethylene), is to shut off the 

signaling pathway that leads to the response (Fig. 22.8B).  
 Binding of ethylene "turns off" (inactivates) the receptors, thus allowing the 

response pathway to proceed (Fig. 22.8A). 
 In contrast to the disrupted receptors, receptors with missense mutations at 

the ethylene binding site (as occur in the original etr1 mutant) are unable to 

bind ethylene-but are still active as negative regulators of the ethylene 
response pathway.  

 Such missense mutations result in a plant that expresses a subset of 
receptors that can no longer be turned off by ethylene, and thus confer a 
dominant ethylene-insensitive phenotype (Fig. 22.8C). 
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Fig. 22.8 Model for ethylene receptor action based on the phenotype of receptor 

mutants. (A) In the wild type, ethylene binding inactivates the receptors, allowing 

the response to occur. (B) In the absence of ethylene the receptors act as negative 

regulators of the response pathway. (C) A missense mutation that interferes with 

ethylene binding to its receptor, but leaves the regulatory site active, results in an 

ethylene-insensitive phenotype. (D) Disruption mutations in the regulatory sites 

result in a constitutive ethylene response. 

 

 
 In contrast to the disrupted receptors, receptors with missense mutations at 

the ethylene binding site (as occur in the original etr1 mutant) are unable to 

bind ethylene-but are still active as negative regulators of the ethylene 
response pathway.  

 Such missense mutations result in a plant that expresses a subset of 
receptors that can no longer be turned off by ethylene, and thus confer a 

dominant ethylene-insensitive phenotype (Fig. 22.8C). 
 

5. A Serine/Threonine Protein Kinase 
 The recessive ctrl (constitutive triple response 1 = triple response in the 

absence of ethylene) mutation was identified in screens for mutations that 

constitu-tively activate ethylene responses (Fig. 22.9).  
 
 
Fig. 22.9 Screen for Arabidopsis mutants 

that constitutively display the triple 

response. Seedlings were grown for 3 

days in the dark in air (no ethylene). A 

single ctrl mutant seedling is evident 

among the taller, wild-type seedlings. 

(Courtesy of J. Kieber) 
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 The fact that the recessive mutation caused an activation of the ethylene 

response suggests that the wild-type protein, like the ethylene receptors, 
acts as a negative regulator of the response pathway. 

 CTR1 appears to be related to Raf, a MAPKKK (mitogen-activated protein 
kinase kinase kinase) type of serine/threonine protein kinase that is involved 

in the transduction of various external regulatory signals and developmental 
signaling pathways in organisms. ranging from yeast to humans. 

 

6. EIN2 Gene 
 The ein2 (ethylene-insensitive 2) mutation blocks all ethylene responses in 

both seedling and adult Arabidopsis plants.  
 The EIN2 gene encodes a protein containing 12 membrane-spanning 

domains that is most similar to the N-RAMP (natural resistance-associated 

macrophage protein).  
 EIN2 protein is rapidly degraded by the 26S proteasome, and ethylene 

inhibits the degradation of EIN2.  
 Because EIN2 alters the sensitivity to ethylene, the degradation of EIN2 

provides a further mechanism for regulating the sensitivity of plant cells to 
ethylene. 

 

 

4. GENE EXPRESSION 
 

1. Specific Transcription Factors 
 One of the primary effects of ethylene signaling is an alteration in the 

expression of various target genes.  

 Key components mediating ethylene's effects on gene expression are the 
EIN3 family of transcription factors.  
- There are at least four EIN3-like genes in Arabidopsis, and homologs 

have been identified in tomato and tobacco.  
 In response to an ethylene signal, homodimers of EIN3 or closely related 

proteins bind to the promoters of genes, including ERF1 (ETHYLENE 
RESPONSE FACTOR 1) to activate their transcription, that are rapidly induced 

by ethylene. 
 ERF1 encodes a protein that belongs to the ERE-binding protein (EREBP) 

family of transcription factors, which were first identified in tobacco as 

proteins that bind to ERE (ethylene response elements) sequences. 
 

2. Genetic Epistasis  
 The order of action of the genes ETR1, EIN2, EIN3, and CTR1 has been 

determined by the analysis of how the mutations interact with each other 

(i.e., their epistatic order).  
 Two mutants with opposite phenotypes are crossed and a line harboring both 

mutations (the double mutant) is identified in the F2 generation.  
 The phenotype displayed by the double mutant reveals which of the 

mutations is epistatic to the other.  
- For example, if an etr1 ctr1 double mutant displays a ctr1 mutant 

phenotype, the ctr1 mutation is said to be epistatic to etr1. From this it 

can be inferred that CTR1 acts downstream of ETR1. Similar genetic 
studies were used to determine the order of action of ETR1, EIN2, and 

EIN3 relative to CTR1. 
 The ETR1 protein has been shown to interact physically with the predicted 

downstream protein, CTR1. 
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 This suggests that the ethylene receptors may directly regulate the kinase 

activity of CTR1 leading, with other data, the development of a model (Fig. 
22.10).  

 Genes similar to several of these Arabidopsis signaling genes have been 
found in other species. 

 

 
Fig. 22.10 Model of ethylene signaling in Arabidopsis. Ethylene binds to the ETR1 

receptor, which is an integral membrane protein of the endoplasmic reticulum 

membrane. Multiple isoforms of ethylene receptors may be present in a cell; only 

ETR1 is shown for simplicity. The receptor is a dimer, held together by disulfide 

bonds. Ethylene binds within the transmembrane domain, through a copper cofactor, 

which is assembled into the ethylene receptors by the RAN1 protein. 

 
 

5. EFFECTS OF ETHYLENE 
 

1. Ripening of Some Fruits 
 Ethylene has long been recognized as the hormone that accelerates the 

ripening of edible fruits. 
- Fruit ripening include softening due to the enzymatic breakdown of the 

cell walls, starch hydrolysis, sugar accumulation, and the disappearance 

of organic acids and phenolic compounds, including tannins. 
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 All fruits that ripen in response to ethylene exhibit a characteristic respiratory 

rise called a climacteric before the ripening phase. 
 Such fruits also show a spike of ethylene production immediately before the 

respiratory rise (Fig. 22.11). 
 Apples, bananas, avocados, and tomatoes are examples of climacteric fruits. 

 

 
Fig. 22.11 Ethylene production and respiration. In banana, ripening is characterized 

by a climacteric rise in respiration rate, as evidenced by the increased CO2 

production. A climacteric rise in ethylene production precedes the increase in CO2 

production, suggesting that ethylene is the hormone that triggers the ripening 

process. (After Burg and Burg 1965.) 

 

 
 In contrast, fruits such as citrus fruits and grapes do not exhibit the 

respiration and ethylene production rise and are called nonclimacteric fruits.  

 Other examples of climacteric and nonclimacteric fruits are given in TABLE 
22.1. 

 

 
 
 

 In climacteric fruits, treatment with ethylene induces the fruit to produce 

additional ethylene, a response that can be described as autocatalytic.  
 In climacteric plants, two systems of ethylene production operate: 
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- System 1, which acts in vegetative tissue, and in which ethylene inhibits 

 its own biosynthesis. 
- System 2, which occurs in ripening climacteric fruit and in the 

 senescing petals in some species, and in which ethylene 
 stimulates its own biosynthesis-that is, it is autocatalytic. 

 
 The analysis of the never-ripe mutation in tomato support the requirement 

for ethylene in fruit ripening.  

 Molecular analysis revealed that never-ripe was due to a mutation in an 
ethylene receptor that rendered it unable to bind ethylene. 

 

2. Leaf Epinasty 
 The downward curvature of leaves, as the upper (adaxial) side of the petiole 

grows faster than the lower (abaxial) side, is termed epinasty (Fig. 22.12). 
 

 
Fig. 22.12 Leaf epinasty in tomato. 

Epinasty, or downward bending of the 

tomato leaves (right), is caused by 

ethylene treatment. Epinasty results 

when the cells on the upper side of the 

petiole grow faster than those on the 

bottom. (Courtesy of S. Gepstein.) 

 
 

 Ethylene and high concentrations of 
auxin induce epinasty, and it has now been established that auxin acts 

indirectly by inducing ethylene production.  
 Epinasty may be also induced by a variety of stress conditions such as salt 

stress or pathogen infection that increase ethylene production. 

 In tomato and other dicots, anaerobic conditions (i.e. flooding) around the 
roots enhance the synthesis of ethylene in the shoot, leading to the epinastic 

response.  
- As these environmental stresses are sensed by the roots and the 

response is displayed by the shoots, a signal from the roots must be 
transported to the shoots.  

 This signal is ACC, the immediate precursor of ethylene. ACC levels were 

found to be significantly higher in the xylem sap of tomato plants after the 
roots had been flooded for 1 to 2 days (Fig. 22.13). 

 

3. Seedling Growth 
 The elongation of hypocotyls in dark-grown seedlings is inhibited in the 

presence of ethylene. Careful kinetic analysis of this response indicates that 
it occurs in two distinct phases (Fig. 22.15A). 

 These two phases of growth are mechanistically distinct:  
- The first phase is more sensitive to ethylene as compared to the second 

phase; EIN2 is required for both phases, but the EIN3/EIL1 transcription 
factors are only required for the second phase (Fig. 22.15B). 

 Etiolated dicot seedlings are usually characterized by a pronounced hook 

located just behind the shoot apex (Fig. 22.1 & 22.5).  
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Fig. 22.13 Changes in the amounts of ACC in the xylem sap and ethylene production 

in the petiole following flooding of tomato plants. ACC is synthesized in roots, but it 

is converted to ethylene very slowly under the anaerobic conditions of flooding. ACC 

is transported via the xylem to the shoot, where it is converted to ethylene. Gaseous 

ethylene cannot be transported, so it usually affects the tissue nearest the site of its 

production. In contrast, the ethylene precursor ACC is transportable and can produce 

ethylene far from the site of ACC synthesis. (After Bradford and Yang 1980.) 

 

 
Fig. 22.15 Kinetics of the effects of ethylene addition and removal on 
hypocotyl elongation in dark-grown Arabidopsis seedlings. (A) Growth rate of 
etiolated wild-type Arabidopsis after exposure to ethylene and subsequent 

removal of ethylene at the times indicated by the arrows. Note that the 
reduction in the growth rate following exposure to ethylene occurs in two 

distinct phases.  
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Fig. 22.15 (B) Growth rate of etiolated wild-type, ein2, and ein3 eil1 
Arabidopsis seedlings following exposure to ethylene at the time indicated by 

the arrow. Note that the phase 1 response of the ein3 eil1 seedlings is 
identical to that of the wild type, but the phase 2 response is absent. (After 

Binder et al. 2004a, b.) 
 

 
- This hook shape facilitates penetration of the seedling through the soil, 

protecting the apical meristem. 

 Seeds that fail to germinate under normal conditions (H2O, O2, temperature 
suitable for growth) are said to be dormant.  

 Dormant seeds of certain species can be induced to germinate by ethylene. 
 Ethylene can also increase the rate of seed germination of several species.  

- In peanuts (Arachis hypogaea), ethylene production and seed 

germination are closely correlated.  
- Ethylene can also break bud dormancy, and ethylene treatment is 

sometimes used to promote bud sprouting in potato and other tubers. 
 

4. Growth of Submerged Aquatic Species 
 Although usually thought of as an inhibitor of stem elongation, ethylene is 

able to promote stem and petiole elongation in various submerged or 

partially submerged aquatic plants.  
- These include the dicots Ranunculus sceleratus, Nymphoides peltata, and 

Callitriche platycarpa, and the fern Regnellidium diphyllum. Another 
agriculturally important example is deep-water rice (Oryza sativa), a 
cereal. 

 Two genes encoding transcription factors in the ethylene response factor 
family, SNORKEL1 and SNORKEL2, have recently been identified in deep-

water rice that mediate this response.  
- In flooding conditions, ethylene accumulates and induces the expression 

of SNORKEL1 and SNORKEL2, which then triggers the dramatic internode 

elongation. 
 

5. Root and Root Hair Formation 
 Ethylene is capable of inducing adventitious root formation in leaves, stems, 

flower stems, and even other roots.  
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- Vegetative stem cuttings from tomato and petunia make many 

adventitious roots in response to applied auxin, but auxin has little or no 
effect in ethylene-insensitive mutants. 

- This indicates that the promotive effect of auxin on adventitious rooting is 
mediated by ethylene. 

 Ethylene has also been shown to act as a positive regulator of root hair 
formation in several species (Fig. 22.16).  
 

 
Fig. 22.16 Promotion of root hair formation by 

ethylene in lettuce seedlings. Two-day-old seedlings 

were treated with air (left) or 10 ppm ethylene (right) 

for 24 hours before the photo was taken. (From Abeles 

et al. 1992, courtesy of F Abeles.) 

 
 

6. Flowering and Senescence 
 Ethylene, inhibiting flowering in many species, 

induces flowering in pineapple and its relatives, 

and it is used commercially for synchronization of 
pineapple fruit set.  

 Flowering of other species, such as mango, is also initiated by ethylene.  On 
plants that have separate male and female flowers (monoecious species), 
ethylene may change the sex of developing flowers.  

 Senescence, a genetically programmed developmen-tal process affecting all 
tissues of the plant, is regulated by the balance of ethylene and cytokinin. 

 Evidence supporting the above conclusion include; 
- Exogenous applications of ethylene or ACC (precursor of ethylene) 

accelerate leaf senescence, and treatment with exogenous cytokinins 

delays leaf senescence. 
- Inhibitors of ethylene synthesis (e.g., AVG or Co2+) and action (e.g., Ag+ 

or CO2) retard leaf flower senescence (Fig. 22.17). 
 
 
Fig. 22.17 Inhibition of flower senescence by 

inhibition of ethylene action. Carnation flowers 

were held in deionized water for 14 days with 

(left) or without (right) silver thiosulfate (STS), 

a potent inhibitor of ethylene action. Blocking of 

ethylene action results in a marked inhibition of 

floral senescence. (From Reid 1995, courtesy of 

M. Reid.) 

 
 

 Abscission-the shedding of leaves, fruits, 
flowers, and other plant organs is termed 

abscission-takes place in specific layers of cells called abscission layers, 
which become morphologically and biochemically differentiated during organ 
development.  

 Weakening of the cell walls at the abscission layer depends on cell wall-
degrading enzymes such as cellulase and polygalacturonase (Fig. 22.18). 

 Ethylene appears to be the primary regulator of the abscission process, with 
auxin acting as a suppressor of the ethylene effect. 

 However, supraoptimal auxin concentrations stimulate ethylene production, 

which has led to the use of auxin analogs as defoliants. 
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- For example, 2,4,5-T, the active ingredient in Agent Orange, was widely 

used as a defoliant during the Vietnam War. 
 
Fig. 22.18 Formation of the abscission layer of 

jewelweed (Impatiens). (A) During leaf 

abscission, two or three rows of cells in the 

abscission zone undergo cell wall breakdown 

because of an increase in cell wall hydrolyzing 

enzymes. (B) The protoplasts, released from 

the restraint of their cell walls, expand and 

push apart the xylem tracheary cells, 

facilitating the separation of the leaf from the 

stem. (After Sexton et al. 1984.) 

 

 
 A model of the hormonal control of leaf 

abscission describes the process in three 
distinct sequential phases (Fig. 22.20). 

 

 
Fig. 22.20 Schematic view of the roles of auxin and ethylene during leaf abscission. 

In the shedding induction phase, the level of auxin decreases, and the level of 

ethylene increases. These changes in the hormonal balance increase the sensitivity 

of the target cells to ethylene. (After Morgan 1984.) 

 

 

7. Commercial Uses of Ethylene 
 Ethylene is one of the most widely used plant hormones in agriculture due to 

its role in so many physiological processes in plant development.  

- Because of its high diffusion rate, ethylene is very difficult to apply in the 
field as a gas, but this limitation can be overcome if an ethylene-
releasing compound is used.  

 The most widely used such compound is Ethephon, or 2-
chloroethylphosphonic acid, which was discovered in the 1960s and is known 

by various trade names, such as Ethrel. 
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- Ethephon hastens fruit ripening of apple and tomato and degreening of 

citrus fruits, synchronizes flowering and fruit set in pineapple, and 
accelerates abscission of flowers and fruits. 

- It can be used to induce fruit thinning or fruit drop in cotton, cherry, and 
walnut. 

- It is also used to promote female sex expression in cucumber, to prevent 
self-pollination and increase yield, and to inhibit terminal growth of some 
plants in order to promote lateral growth and compact flowering stems. 

 Storage facilities developed to inhibit ethylene production and promote 
preservation of fruits have a controlled atmosphere of low O2 concentration 

and low temperature.  
- A relatively high concentration of CO2 (3 to 5%) prevents ethylene's 

action as a ripening promoter. Low pressure (vacuum) is used to remove 

ethylene and oxygen from the storage chambers, reducing the rate of 
ripening and preventing overripening 

 


