Effects of Ethylene on Development
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Abstract.--Ethylene, a plant growth regulator, was produced
by loblolly pine (Pinus taeda L.) seedlings in cold storage.
Production was cyclic, with a peak occurring that seemed
associated with seedling dormancy. Higher than naturally occurring
levels of ethylene stimulated root growth potential, bud activity,
survival, and growth. However, the intermediate concentrations
that were measured in the cyclic peaks had an inhibiting effect on
seedling development and performance. Further research is needed
to assess the economical significance of these cyclic
concentrations on survival and growth.

INTRODUCTION
Ethylene has long been recognized as a naturallyoccurring plant growth regulator that is implicated in
a number of important physiological processes (Abeles
1973, Galston and Davies 1970). In amounts as low as
a few hundred parts per billion, ethylene can inhibit
root growth and bud development and reduce seedling
vigor (Kramer and Kozlowski 1979, Wareing and Phillips
1973). Stimulation of ethylene production results from
mechanical injury such as occurs during lifting of
seedlings from nursery beds (Yang and Pratt 1978).
Few of the effects of ethylene on tree seedlings
are known, although this subject has received
considerable attention in recent years. Barnett
(1981) reported a 75 percent increase in root growth
potential of loblolly pine (Pinus taeda L.) seedlings
stored for 6 weeks in the presence of an ethylene
absorbent. Terminal growth of Fraser fir (Abies
fraseri (Pursh) Poir.)
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seedlings was reduced by 22 percent by exposure to 17.5
ppm of ethylene for 8 weeks in cold storage (Hinesley
and Saltveit 1980). Graham and Linderman (1981) found
that lateral root growth of Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco) seedlings was inhibited at
ethylene concentrations greater than 150 ppb.
This paper summarizes a series of studies that
have evaluated the physiology of ethylene production
in loblolly pine seedlings and the effects of
ethylene on seedling development and field
performance.
METHODOLOGY
The research with loblolly pine by Barnett (1981)
was the stimulus for the later series of studies. In
this early work with an ethylene absorbent (Purafil
ES®)3 that improved root growth potential and field
seedling survival, three replications of seedlings
were stored for 3 and 6 weeks in polyethylene bags with
and without packets of the absorbent. In response to
the positive results from this work, a cooperative
effort began with Dr. Jon Johnson of Virginia
Polytechnic Institute and State University. In the
first of the studies reported by Johnson
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(1983), the atmospheres of two cold storage facilities for seedlings were sampled over a 3-month period
during the winter of 1981-82 to determine the extent of
ethylene accumulation. Depending upon the location of
the facility, biweekly or monthly samples using VacuSamplers® were replicated 2 or 4 times. Some sampling
of ethylene levels in kraft-polyethylene (K-P)
seedling storage bags was also done. The samples were
analyzed on a Bendix 2500® gas chromatograph. Complete
details of the analysis techniques have been reported
(Johnson 1983).
Studies to evaluate the dose-response relationship between ethylene and the performance of
loblolly pine seedlings were then conducted. Seedlings
lifted late in the season (March) were sealed in K-P
bags and exposed to one of six treatments: control, 500
ppb, 1,000 ppb, 2,000 ppb, and 4,000 ppb of ethylene.
An additional treatment involved placing a packet of
Purafil in the bag with the seedlings. Ethylene concentrations were monitored periodically with gas
chromatography, and the concentrations were adjusted
as required. The seedlings were stored at 4°C for 6
weeks and then were measured for root growth potential
and survival (Johnson and Stumpff 1984b) and for bud
activity and first-year heights (Johnson and Stumpff
1984a). The methodology for the estimation of stage of
bud development was reported by Johnson and Barnett
(1984).
In addition to the evaluation of doseresponse
relationships, tests were also conducted

to determine the effects of lifting date on ethylene
production, identify whether ethylene originated in
the roots or shoots, and compare the effect of machine
versus hand lifting on subsequent ethylene production.
Loblolly pine seedlings were lifted monthly from early
to late in the season (November to March). Whole
seedlings or roots and shoots individually were
packaged in K-P bags for 1 week at 3°C. The ethy lene
concentration within the bags was measured using gas
chromatography (Johnson and Stumpff 1985, Stumpff
1984).

RESULTS AND DISCUSSION
Barnett's (1983) data indicated that the presence of an ethylene absorbent greatly increased root
growth potential and improved field seedling survival
by 6 percentage points, even after three growing
seasons (Table 1). No direct measurements of ethylene
production were made, but the data suggest that
ethylene is produced by loblolly pine seedlings and
that it may be, at least partially, responsible for
rapid deterioration of seedlings in storage.
Accumulation in cold storage
Johnson (1983) then evaluated the ethylene
concentrations in two cold storage facilities and in
a limited number of seedling bales and K-P bags. In
the storage facility that handled open seedling
bales, ethylene concentrations reached

physiologically significant levels (2,300 ppb) in
late December (fig. 1). The levels dropped rapidly
after this peak was reached, which may have been
related to chilling hours or seedling dormancy. Gasolinepowered forklifts were used in this facility and may
have added to the ethylene in the atmosphere, but this
could not explain the sharp peak in the facility that
handled seedling bales. At the other facility,
ethylene con centrations remained virtually constant
at, or slightly above, the control concentration of 200
ppb. This lack of change was attributed to the use of
sealed K-P bags for seedling packaging. Gas samples
from within seedling bales and K-P bags indicated that
loblolly pine seedlings do produce ethylene.

icance of this burst of ethylene production is unknown,
but it may be associated with the dormancy process.
Corroborative data for the involvement of ethylene
in bud dormancy comes from a separate study in which
bud break was assessed monthly (Johnson and Barnett
1984). In that test, the chilling requirement for bud
break was not met until after February 1, 1983. T he
ethylene peak may correspond with a shift in seedling
metabolism from a dormant state of activity in
preparation for bud break.

Figure 2.--Ethylene content of K-P bags containing
whole seedlings, roots, and shoots of loblolly
pine lifted monthly from December to March. Bars
with the same letter are not statistically
different at the 5 percent probability level (from
Johnson and Stumpff 1985)

Figure 1.--Ethylene concentration in cold storage
facilities of Virginia Division of Forestry and
Union Camp during the 1981-82 season. Standard
errors are represented by vertical lines where
they are larger than the symbols (from Johnson
1983)

Lifting method had a significant effect on ethylene
production (Johnson and Stumpff 1985). The amount of
ethylene produced remained constant for hand lifting
between January and March (fig. 3). As a result of
machine lifting, however, ethylene content increased
from 38 percent in January to 263 percent in March.
Machine lifting not only tended to break roots, but
the stems of some were compressed by the belts of the
lifting machine. The differences in the amounts of
ethylene produced between different lifting dates may
reflect the change in dormancy status of the
seedlings.

Lifting date and method
Evaluations of seedlings lifted monthly from
November to March in the following year (1983) and packaged
whole or separated into roots or shoots indicated
that ethylene production is cyclic, with a maximum
concentration occurring in February, perhaps when the
chilling hours were met (Johnson and Stumpff 1985). The
roots and shoots produced similar quantities of
ethylene, about 0.10 ppb/g, except in February when
the roots produced about twice as much as the shoots
(fig. 2). The signif-

Dosage-rate evaluations
Loblolly seedlings lifted in March were exposed to
six ethylene treatments (a control, an ethylene absorbent
(Purafil ES), and 500, 1,000, 2,000, and 4,000 ppb of
ethylene) and stored for 6 weeks before outplanting. The
seedlings were evaluated

for root growth potential, field bud activity,
survival, and first-year height growth.
Root growth potential, measured both as cumulative length of new roots and total number of new
roots, was significantly affected by ethylene
fumigation. The 4,000-ppb and 500-ppb treatments
resulted in the greatest root growth potential
(Johnson and Stumpff 1984b). The Purafil and control
treatments were intermediate, while the 1,000-ppb and
2,000-ppb treatments consistently had the lowest root
growth potential.

Figure 4.--Mean bud activity 1 month after outplanting
of loblolly pine seedlings stored for 6 weeks.
Storage treatments were: C - control; P Purafil; 0.5, 1.0, 2.0, 4.0 - ethylene
concentration in parts per million injected and
maintained in seedling K-P bags. Bars with the
same lower case letter are not statistically
different at the 5 percent probability level (from
Johnson and Stumpff 1984b). (Explanation of mean
bud activity is given in Johnson and Barnett
1984.)
Figure 3.--The effect of lifting method, machine vs.
hand, on ethylene content in K-P bags of loblolly
pine seedlings lifted in January and March. Bars
with the same letter are not statistically
different at the 5 percent pro bability level
(from Johnson and Stumpff 1985).
Bud activity assessed 1 month after
outplanting by the method of Johnson and Barnett
(1984) was significantly affected by the ethylene
treatments (Fig. 4). The 4,000-ppb treatment stimulated bud break, but the responses to the other
treatments were essentially the same. Spring bud
activity as measured here is probably a reflection
of root growth; seedlings that initiate early root
growth also break bud sooner (Johnson and Barnett 1984,
Johnson and Stumpff 1984b). The 4,000-ppb treatment
had a positive effect on both root growth and bud
break. Zaerr and Lavender (1980) reported a similar
response in early-lifted Douglas-fir seedlings exposed
to 5,000 ppb of ethylene during 1 month of storage.

Survival after 1 year in the field was high,
ranging from 94 to 99 percent (Fig. 5). Seedlings
fumigated with 4,000 ppb of ethylene averaged 99
percent survival, which was higher than all other
treatments except the Purafil treatment. The lowest
survival was in the 1,000-ppb treatment, which appears
to be in the range of concentration measured in the
cold storage facilities. However, survival for all
treatments was so great that there were no practical
differences.
Seedling heights after 1 year in the field were
affected by treatment and, again, the 4,000-ppb
treatment promoted the greatest response (Fig. 6).
All the other ethylene fumigation treatments resulted
in similar heights, while the control and Purafil
treatments resulted in lower heights.
The results of these studies illustrate that
ethylene is physiologically active in loblolly pine
seedlings. The responses may be inhibiting or
stimulatory, depending upon the dosage to which
particular seedling tissue is exposed.

results must be viewed as an initial attempt to
demonstrate the effects of ethylene on seedling
survival and growth. Although a reduction in seedling
survival due to exposures to ethylene was determined,
its overall effect on the performance of loblolly pine
seedlings is probably not major. The most practical
approach to reducing ethylene concentrations that could
affect seedling performance would be to install
ethylene-absorbent scrubbers in cold-storage
facilities where problems may exist. Further research
is needed to assess the economical significance of
these cyclic concentrations of ethylene on seedling
performance.

Figure 5.--Survival of loblolly pine seedlings stored
6 weeks after 1 year in the field. (Treatments
and statistics are described in figure 4.)

CONCLUSIONS
These results appear to be, at first,
conflicting. Ethylene at the 4,000-ppb rate stimulated
root growth potential, bud development, survival, and
height growth. However, lower con centrations inhibited
at least some seedling physiological responses. Abeles
(1973) has documented a wide scope of research with
other types of plants that demonstrate that ethylene may
be inhibiting or stimulating, depending upon concentration.
It is important to note that the 4,000 ppb of ethylene
that resulted in positive physiological responses was
higher than any level measured under natural conditions
in either seedling storage facilities or bags. The
4,000-ppb concentration was also difficult to
maintain. Ethylene is a very elusive gas and could not
be maintained in sealed K-P bags without repeated
fumigation.
Production of ethylene is cyclic, seemingly
dependent upon the physiological state of the
seedlings. The peaks of production seem closely
related to some phase of seedling dormancy. These

Figure 6.--Heights of loblolly pine seedlings stored
6 weeks after 1 year in the field. (Treatments
and statistics are described in figure 4.)
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