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Introduction
The phytohormone ethylene is involved in numerous 

growth and developmental processes in plants and is spe-
cifically involved in flower initiation, senescence of leaves 
and flowers as well as organ abscission (Sisler et al., 2006; 
Abeles et al., 1992). The latter are important parameters 
for postharvest quality of ornamentals as they define the 
keeping quality of plants from producer throughout dis-
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tribution to final consumer (Ferrante et al., 2015). In cli-
macteric plant species, all these parameters are negatively 
affected by ethylene (Sun et al., 2009; Lütken et al., 2012). 
Storage of fruits and vegetables can be a source of ethylene, 
as well as stress induced endogenous ethylene production 
(Tatsuki, 2010). Particularly, abscission of leaves, buds, 
and flowers are of specific economical interest for the or-
namental industry as these adverse effects can decrease 
market value (Müller and Stummann, 2005). Thus, ethyl-
ene sensitivity is connected to postharvest quality of plant 
products. In miniature potted roses, cultivar specific dif-
ferences were linked to expression differences in ethylene 
receptor genes and other elements of the signal transduc-
tion pathway (Müller et al., 2000; Lütken et al., 2012). 

In ornamentals, ethylene sensitivity seems to be partly 
determined at plant family level, with some families be-
ing more sensitive than others, though exceptions within 
the plant families exist (Woltering and Van Doorn, 1988). 
In Rosa and Phalaenopsis, substantial differences in ethyl-
ene sensitivity were found among different cultivars, and 
ethylene induced bud drop was inhibited by pre-treatment 
with the ethylene inhibitor 1-methyl cyclo propene (1-MCP) 
(Müller et al., 2001a; Sun et al., 2009). In several ornamen-
tal plant genera, e.g., Rosa and Petunia, similar components 
of the ethylene signalling pathway have been identified 
(Müller et al., 2000, 2001b; Clark et al., 1998). However, our 
understanding of the molecular regulation of ethylene re-
sponses is far from complete (Lütken et al., 2012).

The Hydrangea genus consists of approximately 75 spe-
cies of shade-tolerant shrubs, native to the forests of South-
ern and Eastern Asia. The most important species, based 
on production value are cultivars derived from Hydrangea 
macrophylla. Flower initiation occurs after two growing 
seasons, during the first year vegetative growth ends with 
the formation of a flower bud. After a vernalization period, 
growth and subsequent flowering continues once condi-
tions are suitable (Galopin et al., 2008). 

 Summary
Longevity of flowers and overall postharvest per-

formance of plants are the most important quality 
characteristics in ornamental plants. The omnipres-
ent phytohormone ethylene exerts a central role in 
both flower development and senescence. Hydran-
gea is a genus comprising shrubs of high ornamental 
value and although widely distributed, their toler-
ance towards ethylene has, besides the use as defo-
liant prior to cold storage, hardly been investigated. 
The objective of the current study was to study the 
effect of ethylene on leaf abscission, flower devel-
opment and postharvest performance in two com-
mercial Hydrangea cultivars, designated Hm080108 
and Hm080109. Ethylene in a concentration of 5 
µL L-1 for 7 days served as an effective defoliator in 
the two investigated Hydrangea cultivars in transi-
tion towards dormancy. Hm080108 and Hm080109 
dropped 13.5±1.1 and 14.6±1.4 leaves, respectively, 
in response to this ethylene treatment compared 
to 5.7±0.5 and 4.6±0.5 leaves, respectively, in the 
control treatment. Interestingly, defoliation with 
ethylene had an effect on subsequent flower devel-
opment; Hm080109 developed significantly more 
inflorescences compared to non-treated control 
plants, with 3.3±0.6 and 1.5±0.5 inflorescences per 
plant, respectively. Vegetative plants of Hm080108 
subjected to 2 µL L-1 ethylene responded with a leaf 
drop of 5.1±0.5 after 12 days of ethylene exposure, 
i.e., significantly higher than the controls which 
dropped 1.7±0.5 leaves. Both cultivars subjected 
to 2 µL L-1 ethylene for three days responded with 
a significantly higher sepal drop of 18.4±4.4 and 
19.5±8.8 for Hm080108 and Hm080109, respec-
tively, compared to no sepal drop in the controls. 
Collectively, the flower development observed upon 
defoliation opens up for novel commercial applica-
tion of ethylene in promoting flowering.
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Significance of this study
What is already known on this subject? 
• Ethylene can be used as defoliator in Hydrangea.

What are the new findings? 
• Ethylene can promote flowering in Hydrangea. More-

over Hydrangea is more sensitive to ethylene than 
previously thought.

What is the expected impact on horticulture? 
• Ethylene can contribute to improved defoliation of 

Hydrangea before cool storage and promote flower-
ing.
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In commercial production, Hydrangea is defoliated prior 
to cold treatment to prevent fungal infection, e.g., Botrytis 
sp. and other foliar diseases, which potentially infect devel-
oping flower buds. Scientifically, ethylene has been studied 
decades ago as a potential defoliator of Hydrangea (Blom 
and Smith, 1994; Tjia and Buxton, 1976). Originally, defo-
liation was achieved by placing Hydrangea plants together 
with ripening apples. Prior to this, several other chemical 
compounds were tested for defoliation, e.g., sodium az-
ide, phenyl mercury chloride, amino triazole, calcium cy-
anamide, among others, which were later rejected due to 
insufficient or detrimental effects (Kofranek and Leiser, 
1958). Early results on ethylene defoliation in Hydrangea 
documented reduced plant height upon forcing (Tjia and 
Buxton, 1976), and several studies have indicated that eth-
ylene may act as accelerator of plant development. In other 
ornamental plant species, processes like bud breaking and 
flower initiation are promoted by ethylene (Bartholomew 
et al., 2002; Lebeau et al., 2009). Hydrangea is not consid-
ered to be highly sensitive to ethylene and ethylene re-
sponses have only been subjected to limited investigation 
in this genus. This study aimed to determine the physio-
logical responses of two commercial cultivars (Hm080108 
and Hm080109) of Hydrangea macrophylla in response to 
ethylene exposure. The present study documents a signifi-
cant ethylene sensitivity of Hydrangea at several stages of 
production, i.e., defoliation of dormant plants, flower devel-
opment and the postharvest period. 

Materials and methods

Plant material
Two different Hydrangea commercial cultivars, one 

broad leaved with pale pink flowers and one narrow 
leaved with dark pink flowers, designated Hm080108 and 
Hm080109, respectively (4Kløver, Årslev, Denmark), were 
used in the defoliation experiment. The plants were grown 
in 12-cm pot with peat and propagated in May 2012 and 
pruned during early summer once roots had developed. At 
the time of defoliation, the plants were approximately 180 
days old with 3–5 branches and a height of 15 cm. Plants 
were field grown during summer and moved to greenhouse 
conditions in November at 15°C day and 10°C night, under 
natural light conditions (Taastrup, Denmark), prior to the 
experiment, i.e., before cold storage.

Leaf abscission
For Hm080108 and Hm080109, six plants in transition 

towards dormancy were placed in sealed air tight glass 
chambers with a volume of 128 L at 15°C, and 12 h light of 
~10 µmol m-2 s-1, supplied by 400 W sodium-vapor HQI –BT 
daylight lamps, (Osram, Munich, Germany) for 7 days. Con-
tainers were sealed with duct tape and kept sealed during 
the course of the experiment. The experiment was initiated 
with the injection of pure ethylene with a syringe through 
the tape to reach a concentration in the glass chamber of 5 
µL L-1. Leaf drop and total number of leaves were registered 
after 7 days of ethylene treatment. Controls were kept un-
der identical conditions in glass-containers without added 
ethylene.

Flower development
The plants from the defoliation experiment were used 

to study the effect of ethylene on flower development. 
Six plants were subjected to 6 weeks of vernalization in 

darkness at 4°C. Additionally, 6 extra plants were placed 
directly in greenhouse forcing conditions with day/night 
temperature of 22/20°C, supplementary 16 h light of ap-
proximately 500 μmol m-2 s-1, provided by 400 W high 
pressure sodium-vapor Son-T Agro lamps, (Philips, Am-
sterdam, The Netherlands). Hydrangea cultivar Hm080108 
and Hm080109 were defoliated with 5 µL L-1 ethylene 
(+E), 15°C, and light intensity ~10 μmol m-2 s-1 for 7 days 
and subsequently cooled 0 or 6 weeks and placed 80 days 
under forcing conditions. Controls were kept in identical 
conditions without added ethylene (-E). The number of in-
florescences per plant was counted after 80 days. Flower 
development was registered when the diameter of the in-
florescence was more than 1 cm.

Postharvest performance
To preliminarily test the ethylene sensitivity of Hydran-

gea, 8 plants of Hm080108 in a vegetative stage (cuttings 
from the first growing season), were placed in sealed glass 
chambers with a volume of 128 L, at 22°C, and 16 h of light 
of 15 μmol m-2 s-1, supplied by 400 W high pressure sodi-
um-vapor HQI –BT daylight lamps, (Osram, Munich, Ger-
many) for 12 days. Pure ethylene was injected once with 
a syringe into the glass chamber to a final concentration 
of 2 µL L-1. Eight plants in a vegetative stage were placed 
in each container. Leaf drop was registered every second 
day as well as the total number of leaves per plant. Controls 
were kept under identical conditions in glass-containers 
without added ethylene. During measurements, containers 
were left open for an hour to get rid of excess humidity and 
ethylene was added again as previously described (i.e., eth-
ylene was reapplied every second day).

To assess ethylene sensitivity of the inflorescences, 
flowering Hm080108 and Hm080109 from the defoliation 
experiment were placed individually (due to large size) in 
hermetically sealed glass chambers of 128 L. The day/night 
temperatures were 22/20.5°C, with 16 h light of approxi-
mately 15 μmol m-2 s-1, supplied by 400 W sodium-vapour 
HQI –BT daylight lamps, (Osram, Munich, Germany) for 3 
days. The plants were treated with ethylene in a concentra-
tion of 2 µL L-1 for 3 days, whereafter the plants were taken 
out of the glass chambers and placed on an orbital shaker 
(Heidolph orbital shaker 1010, Essex, UK) at 200 rpm for 10 
seconds. Individual sepal drop was monitored as a param-
eter to assess ethylene sensitivity of flowering plants as 
sepals fell off individually from the inflorescences. To test 
if the ethylene treatment had a further effect on drop of se-
pals, the plants were kept 3 additional days without added 
ethylene and subsequently shaken again at 200 rpm for 10 
seconds, where after dropped sepals were counted again.

Statistical analysis
The experiments were conducted in a randomized 

complete-block design, using a minimum of 6 plants per 
treatment. Values are reported in the tabs as means ± stan-
dard error. Significant differences among means in the ex-
periments were confirmed, using student’s t-tests (Excel, 
Microsoft®). Statistical significances (P≤0.05, P≤ 0.01) are 
indicated by differing lowercase letters.
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Results

Leaf abscission
Hydrangea plants of both Hm080108 and Hm080109 

displayed significant leaf drop upon treatment with ethyl-
ene at a concentration of 5 µL L-1 over 7 days compared to 
non-treated controls (Table 1). In general, the increase in 
leaf drop was higher in Hm080108 compared to Hm080109 
(Table 1).

Flower development
Defoliation with 5 µL L-1 ethylene prior to vernalization 

significantly improved the number of inflorescences in 
Hm080109 upon subsequent forcing, but not for Hm080108 
with or without vernalization neither for Hm080109 with-
out vernalization (Figure 1). Hm080109 developed 3.3±0.6 
inflorescences per plant compared to Hm080108 which 
only developed 1.0±0.3 inflorescences (Figure 1).

Postharvest performance
In the preliminary ethylene experiment, Hm080108 

in a vegetative stage displayed significant leaf drop, only 
6.2±0.5 leaves remained on ethylene treated plants, while 
9.6±0.5 leaves remained on the control plants (Figure 2). 
Flowering Hydrangea plants of cultivar Hm080108 and 
 

Hm080109 displayed a significantly sepal drop due to 
ethylene exposure, with 18.4±4.0 and 19.5±8.8 sepals 
dropped, respectively (Figure 3). In contrast, no sepal drop 
was observed in the controls. To determine if ethylene had 
further effects on sepal abscission, the plants were left 
in the climate chamber without ethylene for 3 additional 
days. Cultivar Hm080108 and Hm080109 subsequently 
dropped a very low number of sepals: 1.8±0.8 and 1.5±0.7, 
respectively (Figure 3).

Discussion

Leaf abscission
In the present investigation we doc-

umented that ethylene can be utilized as 
defoliator in Hydrangea. In commercial 
production, ethylene treatment could be 
an alternative to manual defoliation of in-
dividual plants, which is a time-consum-
ing process, and thus very expensive for 
Hydrangea producers.

The number of leaves dropped by 
Hm080109 indicates that it is less sensi-
tive to ethylene compared to Hm080108 

(Table 1). Moreover, in production, Hm080109 is the most 
cumbersome cultivar to defoliate manually as natural se-
nescence occurs later in the production season (S. Schroll, 
Hydrangea grower, pers. commun.). Hence, specifically for 
this cultivar, ethylene treatment may help to reduce both 
the labour cost and contribute to improve uniformity of the 
product prior to cold treatment by initiating leaf abscis-
sion. Previous studies using ethylene as an effective defo-
liator of Hydrangea were performed with concentrations 
ranging from 5 to 500 µL L-1 (Blom and Smith, 1994). The 
results obtained from this study support the finding that 
the concentrations of 5 µL L-1 ethylene will be sufficient for 
the investigated cultivars and clearly confirm that ethylene 
treatment prior to vernalisation accelerate and homoge-
nize leaf abscission in Hm080108 and Hm080109 cultivars.
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Figure 1. Mean number of inflorescences per plant in Hydrangea in response to ethylene with and without 6 weeks of ver-
nalisation. Bars indicate means ±SE. Means with the same letters are not significantly different (P≤0.05). n = 6 plants. The 
experiment was repeated twice.

Table 1. Defoliation of Hydrangea by application of exogenous ethylene.

Plant 
cultivar

Ethylene
treatment

Total leaves 
plant-1

Leaves 
dropped 
plant-1 

% Leaves 
dropped 
plant-1

Hm080108 + 23.8±1.4 13.5±1.1a 61.1± 4.2
Hm080108 - 25.8±1.3   5.7±0.5b 23.6±2.6
Hm080109 + 53.4±1.9 14.6±1.4a 27.0±2.3
Hm080109 - 50.7±1.7   4.6±0.5b   8.6±0.8

Mean values ± SE. Means within a column not followed by the same letter are significantly 
different at P≤0.01, n= 6 plants. The experiment was repeated twice.
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Figure 3. Postharvest quality of flowering Hydrangea. Mean sepal drop per plant in response to ethylene. Sepal drop is 
shown as number of abscised sepals, mean values ±SE. Means with the same letters are not different (P≤0.01). n= 17 plants, 
with an exception of cultivar 2 -E, where only 13 plants were available. 
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Figure 2. Effect of ethylene exposure time on the response of Hm080108 to ethylene. Results are shown as mean number of 
leaves remaining ±SE. Means with the same letters are not significantly different (P≤0.05). The experiment was repeated 
twice.
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Flower development
To our knowledge, the present study is the first describ-

ing a subsequent improved number of developed inflores-
cences in the Hydrangeaceae family as a result of defolia-
tion with ethylene prior to vernalization. In another plant 
family, Bromeliaceae, ethylene exposition induces flower-
ing, and in the production of pineapples, flowering in the 
field is promoted by the application of ethylene releasing 
products (Bartholomew et al., 2002; Lebeau et al., 2009). 
This practice is, however, applied during the growth season 
and not as part of a defoliation process prior to vernaliza-
tion. In a preliminary study faster flower initiation in veg-
etative Hydrangea Hm080108, subjected to ethylene treat-
ment was observed, however not yet vernalized (Lauridsen 
et al., 2015). Thus we aimed to test whether it is possible 
to use ethylene to substitute vernalization. However, ethyl-
ene treated plants not subjected to a vernalization period 
displayed unequal flowering (Figure 1), indicating that the 
flower promoting effect of ethylene is not sufficient to com-
pletely substitute vernalization. 

A previous study reported that Hydrangea subjected to 
Ethephon prior to vernalization displayed shorter plants 
during forcing and sepal yellowing with high concentra-
tions (Tjia and Buxton, 1976). As no adverse effects (i.e., 
leaf yellowing, abnormal growth) of the ethylene treat-
ment prior to vernalization were observed in the current 
experiment (data not shown), it will be more interesting to 
use ethylene than Ethephon to induce leaf abscission prior 
to vernalization. Likewise, ethylene treated plants in our 
study displayed no decreased growth, and the inflores-
cences did not display any discoloration (data not shown). 
This may be due to a cultivar specific difference or be due to 
the fact that Tjia and Buxton (1976) used Ethephon sprayed 
directly on the plants. Ethephon is taken up by plants, 
and subsequently degraded in the plant tissue, releasing  
ethylene, along with phosphorus and chloride (Turnbull et 
al., 1999). Whether spraying cultivars Hm080108 or with 
Ethephon leads to results similar to those obtained in this 
study, remains to be examined. 

The observed promotion of flower development in the 
present experiments is in contrast to results previously 
described (Tjia and Buxton, 1976; Blom and Smith, 1994), 
in which there was no difference in the number of inflores-
cences upon defoliation with ethylene. 

Postharvest performance
Postharvest performance is a very important trait for 

the ornamental plant industry and several studies describe 
the effect of ethylene on the postharvest ability of potted 
flowers, e.g., rose, Phalaenopsis and Kalanchoë, with vary-
ing responses (Müller et al., 2001a; Sun et al., 2009; Serek 
and Reid, 2000). In a study by Clark et al. (2010) the vase-
life of 121 ornamentals was tested, including Hydrangea 
paniculata, in which inflorescences wilted, however little 
information is available on the postharvest performance of 
H. macrophylla. Hydrangea has not previously been consid-
ered particularly sensitive to ethylene, yet in the present 
study we proved that ethylene in a concentration of 2 µL L-1 
induces significant sepal drop in both Hydrangea cultivars 
tested. The subsequent removal of ethylene halted the se-
pal drop, indicating that the sepal drop induced by ethylene 
is arrested once ethylene is removed.

In conclusion, our results demonstrate that the phyto-
hormone ethylene induces defoliation and promotes flower 
development in two cultivars of Hydrangea macrophylla. 

Ethylene can be useful in Hydrangea production as defo-
liator and inducer of flowering. Application of ethylene to 
increase flowering can contribute to improved plant qual-
ity, but optimization of the treatment is needed and culti-
var specific differences need to be explored. On the other 
hand, we conclude that ethylene exerts negative effects on 
vegetative as well as generative Hydrangea plants in the 
postharvest period.
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