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A

INFLUENCE OF ETHEPHON ON GROWTH AND FLOWERING
OF FLUE-CURED TOBACCO
by
Donald James Fowlkes

(ABSTRACT)

Tobacco (Nicotiana fabacum L.) leaf Initiation stops when floral

Induction Is completed. Floral Induction (an Internal biochemical change
which signals development of flowers) can occur prematurely, during the
pre~- and/or post-transpiant environment. Plants which flower prematurely
have few leaves and low ylelds. Removal of the Influorescence on these
plants wiil break apical dominance and allow production of addltional
leaves from an axi|lary bud. This practice requires addltional labor and
increases production costs. Objectives of this study were to 1) determine
how application timing, rate, locallzation, and on-plant duration of
ethephon (2-chloroethylphosphonic acid) influences growth and flowering
of flue-cured 'NC 82' tobacco; 2) examine the relationship between
temperatures In the seedling environment and premature flowering and
determine how tIme of plant bed cover removal affects premature
flowering; and 3) quantify the ethylene released from buds, leaves,
sfems, and roots of tobacco seedlings at various days after appllication
of ethephon.

Ethephon applled to flue~cured tobacco seedlings before the
completion of floral Induction significantly reduced premature fiowering

and increased days to flower, number of |eaf nodes per plant, and yleld.



Multiple applications and increased rates of ethephon did not Increase
the number of leaf nodes beyond the level obtained from a single
application of 960 mg L-! ethephon solution applled at the rate of 44 mlL
m2 of plant bed. " In wash-off studles, maximum beneflt was obtalned when
ethephon remained on the seedlings one to two hours after application.

In localization studies, increases in number of leaf nodes per plant were
not different when 0.09 and 0.51 mg of ethephon was applied to the bud
and largest leaf, respectively. Ethylene released from ethephon-treated
greenhouse seedlings remalined detectable four weeks after treatment. On-
farm test locations with the two highest percentages of premature
flowering had the lowest average daily minimum temperatures during the
pretransplant period. Premature flowering was significantly increased at
two of seven l|ocations by removal of the perforated plastic plant bed
covers two weeks compared to one week before transplanting. Floral
Induction of tobacco seedlings In contro!led pretransplant environments

was obtalned by continuous 15°C temperature and 8 h photoperiods for 3

weeks.
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INTRODUCT ION

Tobacco (Nicotiana tabacum L.) is a high vaiue cash crop whose
ieaves are the marketed product. Initlation of leaves stops when flower
development begins. Flowers normally emerge approximately 50 to 60 days
after transplanting. However, the switch from leaf to flower Initiation
can occur prematurely, while the tobacco plant Is In the seedling stage.
Premature flowering can reduce ylelds, unless the Influorescence Is
removed from the plant to break apical dominance and aillow an axillary
bud to produce additlonal leaves. This practice requires additional
|abor and Increases production costs. Crop management Is further
compl Icated by the nonunlformity of such a crop, since the axlliary
shoots generally develop and mature more slowly than plants that did not
flower prematurely.

Flue-cured tcbacco producers have encountered problems with
premature flowering In recent years. Producers should plant cultivars
which yield high quality cured leaf to consistently market a desirable
product. However, cultivars such as 'NC 82', 'K-326', and 'Coker 319!,
which typlically yleld high quality leaf, also tend to be susceptible to
premature flowering.

Amblent environmental conditions which induce tobacco plants to
flower prematurely have not been precisely characterized. Studies In
control led-environment growth chambers have related premature flowering
to seedling exposure to cool temperatures, especially when combined with
low Iight levels and/or short days (42).

Tobacco seeds are too small for direct fleld seeding, so seedlings



are produced In densely seeded areas, referred to as "plant beds"
(generaily 84 or 167 m2), from which seedlings are transplanted to the
fleld. Plant bed seedlings are grown under perforated plastic,
polyester, nylon, or cotton covers which protect the seedlings from cool
temperatures to some extent. The covers are removed from the plant bed,
usual ly one to three weeks before transplanting. Mean temperatures in the
Southeastern USA rise as spring progresses, and therefore the date of
cover removal could potentially Infiuence the level of premature
flowering.

Ethephon (2-chloroethy!phosphonic acid), a plant growth regulator,
has been shown to Increase the numbers of leaves per plant and days from
transpiant to flower in burley fobacco plants grown under controiled
florally Inductive environments but not in plants grown under controliled
noninductive and natural enviromments (43). Ethephon also temporarily
suppressed seedling stem elongation in that study. Ethephon decomposes
upon absorption within the plant to releaseé ethylene, an endogenous piant
hormone or growth reguiator which Is produced In minute quantities In
most plant tissue. Physiological effects of ethephon are attributed to
ethylene.

An ethephon formulation (tradename "Florel") was registered for
pretransplant use on tobacco to temporarily suppress seedling growth and
Inhiblt premature flowering. Instructions on the label appl ied primarily
to the use as a growth suppressor. Important questions concerning the
use of ethephon on tobacco seed!ings were not addressed. These questions

were, therefore, the basis for the development of the following research



objectives. The objectives of this study were:

(1) To determine how appllcation timing, rate, localization, and
on-plant duration of ethephon lnfluénce flowering, leaf
production, growth, yleld and quality of flue-cured tobacco.

(2) To determine how pretransplant and early posttransplant fleld

temperatures and timing of plant bed cover removal are reiated
to premature flowering.

(3) To study the Influence of ethephon application on
ethylene evolved from buds, leaves, stems, and roots of

tobacco seedlings at various days after application.



L ITERATURE REVIEW
Flowerlng of Tobacco

Flue-cured tobacco Is a high value crop whose leaves are the
marketed product (37). Leaf Initiation stops when floral induction is
completed (39). Floral Induction normally occurs after the initiation of
20 to 25 leaves, and the developing Influorescence generally emerges
approximately 50 to 60 days after transplanting. However, floral
Induction can occur while the tobacco plant is in the seedling stage,
whether before (40) or after transplanting (68). Flowering as a result
of pre- and post-transplant induction has been referred to as "premature"
(40) and "early" (68) flowerling, respectively. Plants Induced In the
seedl ing stage fiower within three to six weeks after fransplanting and
develop low numbers of leaves. Pretransplant induction (40) results iIn
ear|ier flowering with development of fewer leaves than does
posttransplant induction (68). Actual leaf numbers and times to
flowering will depend on pre- and post-transplant growing conditions
(29,68,61). Induction could occur partialiy in the pretransplant
envircnment and be completed in the field soon after franspianting (40).
Whether flowering is a result of pre- or post-transplant induction Is not
as critical to this study as whether flowering occurs earller and with
development of fewer l|eaves than flowering of controi plants.

The term "premature"” involves the dimension of time; however, time
of flowering, when defined solely by the number of days from
transplanting to flower, may not be a precise indicator of floral

Induction. Floral Induction precedes floral differentiation (46,26), and



the influorescence may not emerge until three to four weeks after
induction. The lag between time of floral Inductlon and emergence is
greater under environmental conditicns unfaveorable for rapid growth and
development. Number of l|eaf nodes or leaves at flowering are more
precise Indicators of time of floral Induction (46,9), and parameters
such as percent premature flowering and days to flower must be
Interpreted with reference fto leaf node data.

A constant number of days from transplanting to flowering may not
appropriately deflne premature flowering for all growing condltions.
Flowering within 45 days afTer.+ransplan+Ing may be premature In one
season yet not in another, for pre- and post-induction enviromments can
vary from season to season and even within a season. Kasperbauer has
therefore used a critical point of 35 (40) and sometimes 45 (42) days to
deflne premature flowering, based on observations (40) that pretranspiant
florally induced burfey tobacco piants usually flowered a minimum of four
to flve weeks after transplanting. Favorable or unfavorable post-
induction growing conditlons can shorten or lengthen this time period,
respectively. Data for days to flower for a glven experiment should be
critically examined and the critical point for premature flowering
adjusted as necessary. In most seasons, flowering patterns are such that
selecting the critical point is not problematic. The ferm premature
flowering Is applled in this study to plants developing a visible (to the
unaided eye) floral bud within 35 or, In some experiments, 45 days after
transplanting.

Flowering Involves complex Interactions between physliological,



blochemical, and genetic processes in response to environmental stimuli
and time (58). Photoperiod and temperature are the primary environmental
stimull directly affecting floral induction (9). Extensive reviews of
the |iterature on flowering have been compiled (9,10,87,46,26). Tobacco
has been classified as a day-neutral plant (DNP) (31,16), iInferring that
flowering occurs after a perlod of vegetative growth, irrespective of
daylength (9). Certaln cultivars of flue-cured and burley tobacco have
displayed characteristics typical of short-day plants (SDP) (40,68),
which are Induced to fiower when nights or dark perlods exceed a critical
minimum duration (9).

In controlled environment studies, days to flower were not dlfferent
for burley plants In night temperatures of 20 or 30°C when grown In 18 h
photoperlods, but plants flowered earlier in 20 than In 30°C night
temperatures when the phofoéeriod was 8 h (38). NIight temperatures
Influenced flowering of plants of certain cigar and Turkish tobacco
cultivars (16) and of a Nicotiana rustica L. X N. tabacum L. hybrid (64).
Burley plants grown in day/night femperatures of 30/20°C flowered eariler
in 8 than in 12 h photoperiods, and plants grown In 8 h photoperiods
flowered ear!ier and with fewer leaves In constant 20 than In 30°C
temperatures (39). Plants of three fobacco types (burley, flue-cured,
and dark-fired) grown at 18 compared to 28°C flowered earlier and with
reduced numbers of leaves when the photopericd was 8 h; but in 16 h
photoperiods, decreasing the temperature from 28 to 18°C decreased days
to flower for burley plants only (41). Corresponding leaf numbers

decreased for all three types, although to a greater extent In burley.



Flue-cured and burley tobacco seedl ings exposed for 14 days to a florally
inductive environment, consisting of an 8 h photoperiod and 18°C,
flowered eariler and with reduced number of |eaves compared to noninduced
control plants when transferred to a 16 h and 28°C environment. Increased
duration of exposure, 28 days, did not further Influence these flowering
characteristics. Except for a decreased number of leaves In the dark-
fired cultivar, days to flower and number of leaves at flowering did not
change significantly in flue-cured, burley, or dark-fired tobacco plants
exposed In the seedling stage to a florally inductive environment (8 h
photoperiod and 18°C) for 30 compared to 15 days. However, when exposed
to an environment consisting of 18°C and 16 h photoperiod with a 50%
reduction In |ight level, and both flowering parameters decreased in all
three types when duration of exposure was Increased from 15 to 30 days
(41). Days to flower did not differ In the flue-cured cultlvar.
interruption of the long Inductive nights with low level |ight from white
Incandescent lamps, a treatment which typically inhibits flowering of SDP
(9), increased the days to flower and number of leaves at flowering In
cultivars of all three tobacco types, whether exposed to the inductive
environment for 15 or 30 days (41). The Increases due to night
Interruption were greater In the burley cultlivar and were not different
for the two exposure treatments. The Increases in these flowering
parameters for the flue-cured and dark-fired cultivars were greater in
plants exposed to inductlve condltions for 30 days.

A two-week exposure of burley tobacco seedlings to a controlled

florally Inductive environment at various times after seeding Indicated



that readiness for floral induction (ripeness-to-flower) was not attained
until some point between 22 and 29 days after seeding (40). Following
transplanting, the level of premature flowering, defined as flowering
which occurred'wlfhln 35 days after transplanting, Increased from 33 to
100% as time from seeding to the start of exposure was Increased from 29
to 43 days. Duration of exposure to the florally inductive environment
also Influenced fiowering. Exposure at 29 days after seeding for three
compared to two weeks duration Increased the level of premature flowering
from 33 to 100%. Interaction of |ight and temperature In seedling floral
Induction was demonstrated when premature flowering of plants exposed to
8 h photoperlods and 18°C for 28 days Immediately prior to transplanting
was 100% but decreased to 0% when photoperiod was 16 h or when
temperature was 28°c. Subsequent premature flowering was 100% for
seedlingsvexposed Immediately before transplanting for 10 days to an
environment consisting of 18°C and 8 h photoperiods with |ight level
reported as 2200 ft-c (2200 ft-c approximates 22% full sunlight and Is
2.1

therefore roughly equivaient to 550 umol m~ photosynthetically active

radiation). Premature flowering was 33% when the photoperiod was 13.5 h
and 1ight level 400 ft-c (roughly equivalent to 100 umol m2s™1),
suggesting that low light level partially substituted for short
photoperiods in floral Induction of burley tobacco seedlings (40).

Days to flower for flue-cured tobacco 'NC 2326' were not
significantly altered (ranging from 37 to 49 days) when plants, after
developing 10 leaves, were grown in 9 h photoperiods in photoperiod/night

temperatures ranging from 18/14 to 30/26°C, but averaged 68 days in the



temperature treatment of 34/30°C (29). At two and three weeks after
simulated transplanting, plants of flue-cured tobacco 'Coker 319' were in
a more advanced stage of floral development when grown In short (9 h)
compared to long (9 h + 3 h night Interruption) photoperiods, and after
two weeks were In a more advanced floral stage when grown in 22/18 and
26/22 compared to 18/14 and 30/26°C posttransplant temperatures (68). In
a related experiment, plants grown In 26/22°C were in a more advanced
stage of floral development at two weeks after simulated transplanting
when posttransplant photoperiods were 9 compared to 12 and 15 h. At
three weeks after simulated transplanting, the numbers of leaves per
plant averaged 24.3, 27.9, and 29.3 for transplants grown in 18/14,
22/18, and 26/22°C, respectively when summed over short and long
photoperiods. Leaf number at the time of floral Initiation In flue-cured
t+obacco cultivar NC 2326 increased with photoperiod/night temperatures
from 24 leaves at 18/14 to 45 leaves at 34/30°C (61). Time of floral
Initiation and final number of leaves of flue-cured cultivar NC 2326
grown in 22/18°C and long days were only siightly influenced by dally
accumul ated photosynthetically active radiation (PAR) when |ight was
exper imentally varied from 10.5 to 40.5 mol m2 day-1 (69). However,
floral Inltlation was delayed and final number of leaves Increased for
plants grown in 26/22°C as PAR decreased.

Plant bed seedlings of a flue-cured breeding |ine, when allowed to
attain an advanced stage of development before transplanting, flowered
ear!|ier and with fewer leaf nodes than plants transplanted at less

advanced stages, except when seedlings recelved restricted watering (33).
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Temperatures at the plant bed site were not reported. However, in a
related experIment using controlled enviromments, earliest flowering
occurred when seediings were grown for at least three weeks In 16 h
photoperiods and 30/25°C and then transferred to 8 h photoperiods and
20/15°C day/night temperatures for at least 10 days, with subsequent high
temperatures and long days hastening floral development. The
ripeness-to~flower stage was Interpolated to be approximately 25 cm2
total leaf area with a total leaf number of approximately 10, and this
stage of development was attained In a minimum of 25 and 32 days after
seeding when plants were grown In 30/25 and 20/15°C, respectively, in 16
h photoperiod controlied environments (33). In related experiments,
seedl ings of a flue-cured breeding line and of a flue-cured SDP mutant
grown In controlled florally Inductive environments were reported to
attaln ripeness-to-flower only after the unfolding (expansion) of the
third leaf, with the cotyledons and first two leaves alone being unable
to facilitate Induction (34). The ability to facilitate Induction by
the third and successive leaves was apparently lost rapidly with age but
was not influenced by previous water stress. Experiments involving
grafting techniques Indicated that the shoot apex of small tobacco

seedl Ings (having 6 uﬁfolded leaves and approximately 35 cm? total Ieaf.
area) was responsive to a floral stimulus received from a florally
induced graft stock. In another experiment, defoliation treatments
applled to seedlings starting the day after transplanting indicated that
removal of the young, rapidly expanding leaves in the bud region of the

plant prevented flowering, whereas removal of older, expanded |eaves
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delayed but did not prevent flowering.

In experiments using dissecting microscopy techniques, the shoot
apices of four-to-five-month-old plants of SDP Nicotiana fabacum L.
'Maryland Mammoth' were observed to become completely committed to
flowering after a period of between 7 and 14 consecutlve Inductive long
nights (75).

Ethephon and Ethylene

The compound 2-chloroethy |phosphonic acid (CICZH4p03=, "e+hephon"),
upon absorption by plant tissue, readily decomposes fo ethylene (CZH4)
plus phosphate and chloride lon via a base-catalyzed elimination reaction
(82,52,11,22). The effects of ethephon on plants are attributed to the
released ethylene (72,73,82,81,50). Ethylene, a gaseous growth regulator
effective In trace amounts, is Involved in many plant processes, occurs
natural ly in most plant tissue (13,85) and Is considered a piant hormone
(60,47).

Ethylene production, usually at low levels, is a natural
process in the |lfe of plants, especially durlng such developmental
stages as germination, ripening of fruits, abscission of leaves, and
senescence of flowers and leaves. However, mechanical wounding,
environmental stresses such as chiiling, drought, and flooding, and
certaln chemlcal substances Inciuding the plant hormone auxin can induce
ethylene production. Current understanding of the pathway and regulation
of internally and externally induced ethylene biosynthesis In vivo In
higher plants has been elucidated In recent reviews (85,86,83,84,4,47).

The primary steps In the biosynthetic pathway Involve reactions of
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methionine to S-Adenosyimethionine (SAM) to 1-Aminocyclopropane-1-
carboxy!lic acid (ACC) to ethylene (85). Ethylene blosynthesis Is known
to be regulated in various ways (85). Ethylene can be autocatalytic or
autoinhibitory, depending on the type and stage of development of the
plant tissue. Ethylene has been shown to to inhibit ACC synthase
activity In tobacco leaf discs. This enzyme catalyzes the conversion of
SAM to ACC. Inhibitlion of ethylene production by light Is a function of
decreased internal 002 concentrations, and In adequate levels of CO,,
light stimulates ethylene production in many green tissues. The mode of
action by which ethylene Initiates its effects on plants, Is not fully
known, but appears to involve a dissociable ethylene-receptor complex in
which ethylene binds reversibly and specifically to a receptor site
(14,47,86). Ethylene binding as a specific requirement for ethylene
actlion has not been defefmrned (86).

Experiments utllizing ]4C—e+hephon Indicated that ethephon was
translocated from fruit tissue (81) and leaves (24,81,76,51), generally
to rapidly growing leaves or fruits. Labeled ethephon, applied fo mature
tobacco leaves on plants with the apical bud removed, was transiocated
within the treated |eaves, mostly acropetally, but 14¢ activity was not
detected In stem sections below or above the treated leaves (23).
Radloactivity ethephon which may have been transiocated and subsequentiy
converted to ethylene, which may have then been released from the plant
+issue, would be undetected In tissue samples. Furthermore, If ethephon
is transported In a source to sink pattern (76), little transport would

be expected from mature leaves on tobacco plants with the aplcal bud
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removed and with chemical inhibition of axillary bud growth. Greater-
than-control levels of ethylene, evolved from the shoot apex region of
squash plants (Cucurbita pepo L.) when a lower |eaf was treated with
ethephon, were postulated to result from transport not of ethephon but of
an ethylene precursor, although ethephon transport was not speclifically
Investigated (35). Xylem transport of an ethylene precursor has been
determined (12). Transport of ethylene itself, though water soluble (3),
is not consldered to occur over long distances (88), although ethylene
diffusion over short distances within plant ftlssue has been reported (8).
Studies of endogenous ethylene levels and of effects of exogenous
appl ications of ethylene (and efhylene-releaslng compounds, such as
ethephon) and ethylene Inhibitors have demonstrated the critical
Involvement of ethylene in numerous metabol lc and physiological processes
Involved In the growth and development of piants (13,60,2,15,3,47,83).
Such effects Include the promotion of maturation and ripening of fruift,
promotion of senescence and absclission, irhibition of cell division and
expansion, Inhibition of stem elongation with promotion of stem |ateral
expansion, inhibition of polar auxin transport, inhibition of DNA
synthesis, chlorophyll loss, promotion of femaleness (In cucurbits),
promotion of flower fading, promotion or inhibltion of flowering, and
also induction of xylem differentiation (54,55,56), improved frost
tolerance (49), and promotion of polyscme prevalance and new gene
expression (70}, The effect of ethylene on plants Is influenced by the
environment, speclies, stage of development, cell and tissue type,

ethylene concentratlion, and Interactions with other plant hormones (47).
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Discovery of the Involvement in senescence by ethylene prompted the
testing of ethephon on mature flue-cured tobacco for effects on leaf
senescence and ripening and on subsequent chemistry of the |eaves.
Ethephon applled to greenhouse-grown tobacco plants vyellowed the |eaves
within five days after treatment and did not adversely affect total N,
total alkaloids, or reducing sugars in the dried leaf (19). In fleld
exper iments, ethephon applications to cultivar Hicks yellowed ail but the
immature upper leaves, slightly reduced price Index and yield, reduced
total N and total alkaloids in the cured leaf, elevated starch levels but
did not affect reducing sugars In the cured leaf (53). Applications of
ethephon to cultlvar Coker 254 yeliowed the more mature leaves within
three days and remaining leaves within 10 to 14 days, Increased starch
levels In green leaves treated at 180 mg planf'l, Increased reducing
sugars In the cured ieaf, and apparently lowered nitrate reductase
activity (50). Applied to cultivar Virginla Gold, ethephon yellowed the
|eaves on the lower half of the plants within four days, Increased price
index when all leaves of both untreated and treated plants were harvested
during a single day, Increased reducing sugars and decreased total N In
the cured leaf (21). When mature tobacco |eaves were exposed to
ethylene, chiorophy!l content and endogenous ethylene production
decreased (63). Leaf discs, from mature tobacco plants, treated with
14C- ethephon evol ved 14c. ethylene continuously during a 96 h period,
with rapid evolution during the first 24 h followed by a deciine In rate

over the subsequent 72 h (22). The rate decline was attributed to

decreased availability of hydroxyl lons needed for ethephon degradation.
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Ethephon was applled to burley tobacco 'Ky 14' seedlings at rates of
500 and 1000 mg L", with subsequent transplanting at 1, 3, 7 and 10 days
after treatment (48). Early growth was suppressed, flowering was
delayed, and yleld and value were reduced for ethephon treated plants
transplanted one day after treatment compared to the later
transplantings. Plant responses to the two rates were not significantly
dl fferent except for a greater delay In flowering at the first ftransplant
date with the higher rate.

Pretransplant applications of a 1000 mg L1 ethephon solution to
burley tobacco seedlings 11 days after transfer to a controlied florally
inductive environment increased days from transplanting to flowerling and
number of leaves at flowering In two of three years (43). Ethephon
applied to seediings growing In a florally noninductive environment did
not significantly affect days to flower or |eaf number, although
flowering was delayed two fto three days by ethephon treatment. When
floral induction was completed before the application of ethephon, the
ethephon treatment did not reverse the induction and so did not increase
the number of leaves at subsequent fiowering. Pretransplant ethephon
treatment increased yieid (when applied before completion of fioral
induction) of plants exposed to the Inductive environment, but did not
affect yleld of plants exposed to the noninductive environment. Total
alkaloids in the cured leaf were not affected by ethephon treaitment. In
a related experiment, seed!ing stem length did not increase during the
perlod of two to nine days after ethephon treatment when ethephon

concentrations were > 1000 mg LT, At ethephon cencentrations of 250 and
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500 mg L'1, stem lengths were |lkewise less than those of untreated
seedl ings by four days after application. The effect of ethephon
concentration on stem elongation remained obvious 21 days after
treatment.

Ethylene-induced inhibitlon of flowering has also been observed in
cockleburs (Xanthium pensylvanicum Walln.) (1) and Japanese morning glory
(Pharbitis nil L.) (65). Ethylene-induced promotion of flowering has
been reported in pineapple (Ananassa sativa L.) (18) and Plumbago Indica
L. (59).



MATERIALS AND METHQODS
On-Farm Field Test
An on-farm test to evaluate the influence of ethephon and plant bed
cover management on flowering, leaf production, yield, and quallity of
flue-cured tobacco was conducted in Virginia at four locatlons In 1983
and three locations in 1984, Cultlivar NC 82, reported to be susceptibie
to premature flowering (36,37), was grown at each location. Seedlings
were grown under perforated plastic covers in 84 m2 plant beds (except
that the 1984 May location plant bed was 167 me) partitioned Into four
equal-sized experimental units. Cover management treatments Involved
removal of the cover at an estimated 14 days before transplanting or at
seven days after the first cover removai date. Ethephon tfreatments,
appl ied at the latter cover removal date, included not sprayed and
-1

sprayed. A stock solution of 960 mg L ' ethephon was prepared by mixing

237 mL of "Florel™ (donated by Union Carbide) In 9.47 L of water, and
-2

this solution was applled at the rate of 136 mL m < of plant bed using a

C02 pressurized sprayer equlipped with three nozzles on a 1.83 m boom and
operated at 2.8 kg em™2 pressure. Amblent high and low fTemperatures were
monitored daily starting about 40 days after seeding using maximum-
minimum thermometers stationed at each location. Temperature sensors
were shaded naturally or with white cloth and were positioned 30 to 40 cm
above ground.

Seedl ings were transplanted approximately seven days after ethephon
treatment In a randomized complete biock design with three replicates.

Conventional cultural practices were used after transplanting. Plot size

17



18

was 337.5 m2, and data were collected from the center two rows of four-
row plots (four locations) and from the center row of three-row plots
(three locations). Parameters measured were days from transplanting to
flower, number of leaves per plant at flowering, yleld, and quality.
Plants were considered "in flower" on the date that the floral bud first
became visible to the unaided eye. Data for flowering were collected
weekly. Plants In flower within 45 days after transplianting were
considered to be flowering prematurely. The [owest leaves on the
transplanted seedlIng, which do not develop to normal harvestable size,
and leaves less than one cm wide were not included in the |eaf counts.

Stem helghts (measured from soll level to the base of the bud) and
total leaf area of representative seedlings were measured at each cover
removal date. Leaf areés were obtalined by multiplying weights of leaf
tracings on paper by the average weight of one square cm of the same
paper. These measurements provided characterization of seedling
development stage at cover removal and at the tIime of ethephon
application. Cured leaves from each plot were weighed and assigned an
offlclal U.S. Government grade (by a U.S. Government Inspector), and
ylelds and grade indices (77) were computed. Increased quallty Index
Indicates Increased qual ity of the cured leaves. |

The data were analyzed for individual locations, with factorial
arrangement of the exposure and ethephon treatments. Analysis of arc-
sin-transformed data for percentage premature flowering yielded Identical

results as analysis of nontransformed data, and therefore, nontransformed

data are reported. Treatment means presented are averages of all plants
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(approximately 175 to 250 plants) from data row(s) of each ploft.

On-Station Field Tests

General Procedures. Plant beds were seeded to cultivar 'NC 82!
tobacco on 2 March 1984 for all fleld experiments (plant bed ethephon
applications, stage of development, and ethephon volume tests) conducted
at the Southern Pledmont Center. Plant beds were divided Into 4.2 m2
exper imental units following removal of the cotton covers on 7 May.
Ambient temperatures at the plant bed were monitored dally using a
maximum-minimum thermometer. Ethephon treatments were replicated once.

Ethephon was applled as a 960 mg L1 solution at the rate of 136 mL m"2

using a CO2 pressurized backpack sprayer equipped with a 1.83 m boom with
three nozzles and operated at 2.8 kg em™2 pressure. Apart from

exper Imental treatments, plant bed seedlings were grown according to
conventlonal cultural practices. Seedlings were transpianted in a
randomized complete block design with four replications (except for three
replications In the ethephon volume study). Plots consisted of one row
of 22 plants spaced 51 cm apart with 1.22 m between rows. Field plots
were managed according to conventional cultural practices, except that
the influorescence of plants flowering prematurely was removed and a
formulation of fatty alcohols was applied to control axillary bud growth
and enable evaluation of the influence of premature flowering on yield.
Under conventional production practices, prematurely flowering plants
would be allowed to produce an axillary bud for additional leaf

production. Data were collected to obtaln days to flower and total
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number of leaf nodes per plant at flowering. Plants were considered to
be In flower on the date the floral bud became visible to the unaided
eye. Data Qere col lected for flowering on Monday, Wednesday, and Friday
of each week. Plants flowering within 35 days after transplanting were
considered to be flowering prematurely. All visible nodes, Including
those with senesced leaves and small leaves partially enveloping the
emerging floral bud were included In the node counts.

Cured leaf yields and grade Indices were determined as described In
the on-farm test. A representative, whole-plant sample of cured |eaf was
obtalned from each plot and analyzed for nicotine (30) and reducing
sugars (20). Sulfanilic acid was substituted for buffered analine
solution In the nicotine analyslis.

The data were analyzed by analysis of variance and the Least
Significant Difference (LSD) was used at the 0.05 level of probability to
separate means of statistically significant effects. Analysis of arc-
sin-transformed percentage premature flowering data ylelded identical
results as analysls of nontransformed data, and therefore, nontransformed

data are reported. Treatment means presented are averages from 18 to 22

plants.

Exper iments
Plant Bed Ethephon Applications. This experiment was conducted to

compare performance of tobacco plants treated with single and multiple
applications of ethephon. Ethephon treatments consisted of an untreated
control, one application In the plant bed (18 May), two applications in

t+he plant bed (18 and 24 May), and one appllication in the plant bed with
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another application in the field 10 days after fransplanting (18 May and
4 June). Seedl ings were transplanted on 25 May.

Stage of Development. Thls experiment was conducted to obtain
Information about the appropriate time to apply ethephon to plant bed
seedl Ings for control of premature flowering. Ethephon was applied to
seedl ings at three different stages of development: 1.5, 2.5, and 5.0 cm
stem heights (averages of 6 representative plants) measured from soll
level to the base of the bud. Total leaf areas at the time of ethephon
appl ication averaged 82, 192, and 202 am? for seedl Ings treated at stem
heights of 1.5, 2.5, and 5.0 cm, respectively. Leaf areas were obtalned
as described In the on-farm test. Ethephon was applled to the 1.5 cm
seedlings on 9 May and to the 2.5 and 5.0 cm seedlings on 15 May, and the
seedl Ings were transplanted on 21 May.

Ethephon Volume. Thls study was conducted to Investigate a
potential Interactlon between ethephon and subsgquenf planting date.
Treatment volumes of 960 mgL'1 ethephon solution were 0, 41, 81, 122, or
244 mL m 2 of plant bed. Seedllings were fransplanted three and seven
days after the 18 May ethephon appllcations In a randomized complete
biock design. Stem helights from soil level to the base of the bud of
five representative plant bed seedlings were measured weekly for four
weeks after treatment. Weekly stem helght measurements from
transplanting until flowering were taken from flve consecutive piants,
beginning with the second plant in each rcw. Data were analyzed by
analysis of varlance for a 2 X 5 factorial arrangement of transpiant date

and ethephon treatments. The ethephon volume effect was also analyzed
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separately wlthin each fransplant date.

Greenhouse and Growth Chamber Tests
General Greenhouse Procedures. Greenhouse tests, conducted in 1984 at
the Virginia Tech Southern Piedmont Center, were repeated for each
exper iment (except ethephon volume). Plants for the first series of
tests were seeded on 13 Aug. and seedlings were planted on 10 Sept. in
styrofoam flats containing vermiculite. Seedlings were watered as
required and nutrients were applied weekly. Nutrient solution, prepared
by mixing 75 g of Peters Hydro-Sol (5-11-26 analysls) and 50 g of CaNo3
In 75.6 L of water, contalned the following concentrations of nutrients
In units of nmol L'1: 10 928 N, 1 581 P, 5 473 K, 3 300 Ca, 1 259 Mg, 1
240 304, 55 Fe, 9 Mn, 2 Zn, 2 Cu, 47 B, 1 Mo, 1 Ci, and 16 Na. Plants
for the second tests were seeded 28 Sept. 1984, and seed|ings were
planted in styrofoam flats on 23 Oct. Seediings were supplied with
nutrlient solution twice per week.

Treated seedlings were potted in 15-cm-dlameter clay pots containing
vermiculite, Pots were placed two each in 2.8 L pans to which
approxImately 1.4 L of nuftrient solution were added weekly. Single-plant
experimental units were assigned to pans In a randomized complete block
design replicated flve times. Pots were re-randomized one per pan and
spaced 30 to 40 cm apart on the greenhouse bench to prevent |ight
competition problems (approximately four weeks after potting).
Suppiemental fluorescent |ighting from General Electric F40LW-RS5-WMI |

Lite White lamps was supplied In the greenhouse during the second series
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of tests to extend the short, winter daylengths to 14.5 hours.
Temperatures In the greenhouse ranged from 21 to 32°C.

Data were collected for days from potting to flower and number of
leaf nodes at flowering as described In the field test methods. Stem
helghts, measured fraom the potting-media to the base of the bud, were
recorded for most experiments. Final stem helghts, from potting-media to
the uppermost leaf > 1.0 cm wide, were measured at the full f|ower stage
(l.e., when a majority of the florets were open and pink) for the second
test of these experiments. Other data collected are as described for the
individual experiments. Data were analyzed by analysis of variance for a
randomized complete block design with five replicates and statistically
significant means were separated by the LSD method. Treatment means
presented are averages of 5 plants (except 10 plants for the ethephon

volume test).

General Growth Chamber Procedures. Seedlings In styrofoam flats were

transferred from the greenhouse to a floral induction growth chamber for
a three week period. The chamber was controlled at 15°C temperature and
8/16 h light/dark periods. Chamber |ighting was provided by three Sun-
Brella lamps from Environmental Growth Chambers (Chagrin Falls, OH), each
equipped with a metal hallde (General Electric Multivapor MVR400U) and a
high pressure sodium (General Electric Lucalox LU400) Ilamp.
Photosynthetical ly active radiation (PAR) averaged 263 umoi m2s~! at top
of the plants.

Control seedlings In two experliments (ethephon growth effect and

ethylene quantification) were transferred to a florally noninductive
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growth chamber for three weeks. This chamber was controlled at 25°C and

13.5 hour photoperliod. Chamber |Ighting was as described for the

2¢-1 at top of

inductlion chamber, except that PAR averaged 178 umol m “s”
plants. The second test of the growth chamber ethephon timing study was
also conducted in this growth chamber, but temperature and photoperiod
were controlled at 15°C and 8 h, respectively.

Nutrlent solution and water were applied to seedlings in the growth
chambers as described for the greenhouse seedl ings. Ethephon treatments
were applled during the period in which the seedl Ings were In the growth
chambers. Seedlings were temporarily removed from the chambers for
treatment applications. Ethephon was appllied as one mL of a 960 mgL'1
solution per piant as a mist from an "Ethrel" test kit sprayer to the
adaxlal surface of the leaves. Seedlling leaf areas at the time of
transfer to the growth chambers were determined by multiplying the leaf
length by width by an adjustment factor of 0.7 obtained from similar size
plants of known leaf length, width, and area. A simllar adjusiment
factor was reported previously (66). Stem helghts were measured from the
potting media to the base of the bud. Appendix Table 1 shows seedl ing

leaf areas and stem heights when tfransferred to Induction chambers and

days after transfer to chambers when ethephon was applied.

Exper iments
Growth Chamber Ethephon Timing. This experiment was conducted to

determine [f tobacco flowering response to ethephon was Influenced by the
tIming of ethephon application in relation to duration of seedling

exposure to a controlled florally inductive environment. Two milliliters
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of a 960 mg L= ethephon solution were applied as a mist to each seedling
after 0,7,14, or 21 days exposure to the Inductive environment.

Seed! ings were removed from the Induction chamber for application of
ethephon to reduce the possiblility of accidental application to other
seedlings. Treated seedlings were Immediately placed in a separate
chamber (15°C and PAR averaging 149 umol m2s™! at top of plants) for two
to seven days to minimize the possibility of contamination of other
seedlings by ethylene released from treated seedllngs; Treatments
Included an untreated control, and in test one a "late" control was also
included. Late control seedlings were not transferred to the floral
Induction chamber until nine days of the 21 day Induction period had
elapsed. Control and late control seedlings were therefore exposed to
the florally inductive environment for 21 and 12 days, respectively.
After the Induction period, seedlings were transferred to a |lath house
for conditioning to the amblent enviromment for seven days prior to

transplanting. Treatments were assigned to plots In a randomized complete

block design with four repilcations. Plots consisted of one row of 18
plants 51 cm apart with 1.22 m between rows. Plants were grown in the
fleld according to conventional cultural practices. Plants flowering
within 45 days after transplanting were considered to have flowered
prematurely. Other data were collected as described for the on-station
field tests. Appendix Table 2 shows dates when relevant procedures were
conducted and characterizations of seedlings stage of development when

transferred to floral induction chambers.

Stage of Development. This greenhouse and growth chamber experiment
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was conducted to determine the influence of seedling stage of development
on efflcacy of ethephon In delaying flowering. Ethephon was applied when
seedl ings attalned a stem helght of 1.5 or 2.5 cm. Seedlings were
removed from the floral Induction chamber for ethephon appllications and
were returned to the chamber after air drying for 45 to 60 minutes at
approximately 15°¢C,

Ethephon Yolume. The influence of ethephon rates on stem elongation
and flowering of plants not exposed to a florally inductive environment
was studled In the greenhouse. A 960 mgL"1 ethephon solution was applied
to seedlings at rates of 0,41,81,122, or 244 mlL m'z. Treatments were
applled on 25 Sept. 1984 (28 and 15 days after seeding and potting,
respectively) and were replicated 10 times. Potted seedlings were placed
In an area having the same dimensions as the plant bed experimental units
of the previously described fleld test of this experiment, and ethephon
was appllied to that entire area. Stem heights were measured weekly and

days tc flower were recorded.

Ethephon Wash-off. This experiment was conducted to study the

relationship between vegetative/floral development and the elapsed time
between ethephon application and washing of the seedlings with a 23-
seéond simulated 2.5 cm rainfall. Seedlings were washed at 15,30, 60,
120, or 240 minutes after application of ethephon. A not washed control
treatment was included In test two. Seedlings were removed from the
floral induction chamber for tfreatment. Seedlings washed at 15, 30, and
60 minutes were kept outside the chamber (In temperatures of

approximately 15 to 20°C) unt!l washed; the remaining seed!ings,
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including controls, were returned to the chamber after 60 to 80 minutes.

All seedlings were returned to the Induction chamber Immediately after

washing.

Ethephon Localization. This greenhouse and growth chamber

exper iment was conducted to determine the Infliuence of on-plant

local Ization and amount of appllied ethephon on growth and flowering of
tobacco. Localized plant parts treated were yellow leaf, leaf 1, leaf 2,
leaf 3, leaf 4, all leaves, bud, bud (3X concentration of ethephon), all
leaves plus bud, and roots. Ethephon from a 1.0 mL syringe was applied to
the |leaves as droplets spaced five cm apart. The larger l|eaves,
therefore, received greater amounts of ethephon. Actual amounts applied
are shown In the results. The vellow leaf was the lowest leaf and had
senesced. Leaves one through four were the successive leaves above the
yel low leaf. Seedlings treated in the bud received one droplet of
ethephon solution. A second bud treatment consisted of a 3X
concentration of ethephon (2880 Instead of 960 mg L']). Ethephon was
applied to the roots as 20 mlL of a 480 mg L] ethephon solution poured
onto the vermicul ite potting medla. Seedlings were returned to the
chamber Immediately after treatment. Untreated seedlings were used as
controls. The data were analyzed by analysis of covarlance, with the

amount of ethephon as the covariant.

Ethephon Growth Effect. Plant response to ethephon applied to

seedl Ings exposed to florally noninductive and inductive environments was
examined in a greenhouse/growth chamber experiment. Seed|ings were

transferred to a florally noninductive (25°C and 13.5 photoperiods) or
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Inductive (15°C and 8 h photoperiods) environment for three weeks. One
half of the seediings In both environments were treated with ethephon
during this period. After three weeks In the growth chambers, seedlings
were returned to the greenhouse. Leaf lengths and widths and stem
helights were measured at varlous times after treatment. Days to flower
and number of leaf nodes at flowerlng were also recorded. The data were
analyzed by analysls of varlance for a 2 x 2 factorial arrangement of the
environment and ethephon treatments.

Ethylene Quantification. The relationship between ethephon
application to tobacco seedlings and corresponding levels of ethylene
released from different plant parts at various times after ethephon
application was investigated in a greenhouse/growth chamber experiment.
Seedl ings exposed to a florally inductive environment were treated with
ethephon. Noninduced and Induced plants were included as controls. Six
plants from each of the three treatments were harvested at indlcated days
after ethephon freaitment and transferred to the laboratory. Vermicullte
was gently washed from the roots and leaves were gently rinsed with
running tap water. SeedllIngs were dlssected Into four parts: aplices (the
bud, including the stem segment down tc first node below bud), stems
(segment from flrst node below bud to crown), leaves (cut Into 1-cm-
dlameter discs before weighing), and roots (including the below-soil-1ine
segment of the stem). Plant parts were elither air dried or blotted dry,
and after being weighed were incubated for three h In 20 mL distilled
water In peir! dishes placed under fluorescent |ighting to aliow wound

ethylene to subside (5). Separate parts from three plants (one
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replication) were transferred to 25 mL Erlemmyer flasks contalining one mL
distilled water. Flasks were sealed with rubber serum stoppers and
placed In darkness at 28°C for 24 h. A one mL sample of alr was then
withdrawn from the flask head space with a gas-tight syringe and Injected
Into a Hewlett-Packard HP 5750 gas chromatagraph (GC) for ethylene
analysis (71,62). The GC was equipped with an alumina F1 column operated
at 110°C oven temperature and a flame lonization detector operated at
175°C. Flow rates for oxygen, hydrogen, and nitrogen (carrier gas)
averaged 320, 40, and 50 mL mln", respectively. Callbration points were
obtained by measuring peak areas obtalned from known amounts of ethylene
standard, and a cubic regression curve was fitted to these data polnts.
The equation obtalned from this regression model was used to quantify the
ethylene In the samples. Rates of ethylene evolved from piant parts

within a treatment were analyzed by analysis of varlance for each

sampl ing date.



RESULTS AND DISCUSSION
On-Farm Fieid Tests

Differences in the level of premature flowering among locations
contributed to a significant location X ethephon interaction, and the
magnltude of differences In error variances also precluded the combining
of data across locations. Therefore, the results for individual
locations are presented.

Excluding the Crews |ocation, ethephon applied to pretransplant
flue-cured tobacco seedlings significantly reduced premature flowering
and Increased the number of leaves per plant at flowering (excluding the
Scarce location) at all flve locations having at least 7% premature
flowering In 2-weeks-exposed control plants (Tables 1 & 2). Ethephon
also Increased the number of days from transplanting to flower at these
locations. The three locations which had a significant pretransplant
duration of exposure effect also had a signiflicant exposure X ethephon
Interaction (Appendix Tables 3 & 4). The Influence of ethephon on
premature flowering at the 1983 May and Scarce locations, on number of
|eaves at the 1983 Hawthorne location, and on days to flower at the 1983
May location was greater when the ethephon was applied to seedlings from
which the perforated plastic covers were removed two weeks Instead of one
week before transplanting (Table 1). This Interaction appears to be the
result of a greater level of floral Induction in the control seedlings
exposed to the ambient environment for two weeks. Increased induction
could have resulted from increased duration of exposure to a florally

Inductive environment. Also, at one location (1983 May), lower

30
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Table 1. Influence of exposure to ambient temperatures and pre-
transplant ethephon on five agronomic characteristics of flue-
cured tobacco grown at four locatijons, 1983.

Weeks Days Leaves
of to per Premature Quality
exposure  Ethephon flower plant flowering Yield index
% kg ha~!
Hawthorne location
1 No 45.2 19.7 23.5 3434 72.7
Yes 47.7 20.2 6.9 3241 74.0
2 No 44 .6 18.1 29.5 3213 72.7
Yes 47.6 20.5 9.5 3453 73.0
LSDO.05 1.6 1.0 21.6 NS NS
cv (%) 1.8 2.7 62.3 5.4 2.7
May location
1 No 51.8 21.9 6.4 4417 48.7
Yes 52.5 24.2 2.4 3997 48.7
2 No 48.3 20.8 23.1 4190 51.7
Yes 52.6 24.9 2.4 4010 54.7
LSDO.05 2.5 2.0 11.8 NS NS
cv (%) 2.4 4.3 69.0 13.7 7.1
Crews location
1 No 53.1 19.7 7.0 2259 57.7
Yes 53.3 18.9 3.8 2396 59.3
2 No 51.9 17.1 10.9 2194 57.3
Yes 52.8 19.4 10.1 2475 54.3
LSDO.05 NS NS NS NS NS
cV (%) 2.2 12.1 59.1 8.9 3.9
Scarce location
1 No 64.7 22.6 1.4 2227 45.7
Yes 67.5 22.7 1.1 2204 42.3
2 No 62.8 21.7 7.1 2237 43.7
Yes 67.1 23.0 1.2 2242 42.7
LSDO.OS 4.1 NS 2.4 NS NS
cv (%) 3.1 3.3 43.6 9.4 9.9
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Table 2. Influence of exposure to ambient temperatures and pre-
transplant ethephon on five agronomic characteristics of flue-
cured tobacco at three locations, 1984.

Weeks Days Leaves
of to per Premature Quality
exposure Ethephon flower plant flowering Yield index
% kg ha~1
Hawthorne location

1 No 51.8 19.8 20.3 2946 65.3
Yes 53.8 21.7 7.6 3162 66.3
2 No 49.1 18.9 37.5 2829 68.7
Yes 53.4 22.0 11.3 3198 68.0

LSDO.05 2.9 1.9 16.8 223 NS
cV (%) 2.8 4.5 43.8 3.7 6.4

May location

1 No 70.4 25.1 0.1 3293 57.7
Yes 71.3 24.7 0.0 3638 53.3

2 No 70.0 24.7 1.3 3109 55.0
Yes 71.9 24.5 0.1 3415 56.7

LSDO.05 NS NS NS NS NS

cV (%) 1.4 2.2 260.0 11.8 6.6

Guthrie Tocation

1 No 55.4 23.2 5.0 1919 48.0
Yes 56.0 23.7 1.4 2026 46.7

2 No 55.1 23.7 4.8 1919 49.0
Yes 55.8 23.2 2.9 2016 46.0

LSDO'05 NS NS NS NS NS

cV (%) 2.7 1.8 79.3 8.1 4.1
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temperatures during the inltial seven days exposure were observed (Table
3). Increased duration of exposure of burley and flue-cured tobacco
seedlings to a controlled florally Inductive environment was reported by
Kasperbauer (41) to decrease days to flower and leaves per plant at
flowering.

Average ethephon-induced decreases In premature flowering for plants
exposed to the ambient environment for one and two weeks, respectively,
were 4.0 and 20.7 percentage points at the 1983 May location and 0.3 and
5.9 percentage points at the Scarce location (Table 1). Average
increases in days to flower as a result of ethephon applications at the
1983 May location were 0.7 and 4.3 days for plants exposed for one and
two weeks, respectively. Average ethephon-induced increases in |eaves
per plant were 0.5 and 2.4 leaves at the 1983 Hawthorne location for
plants expcsed for one and two weeks, respectively. For locations with a
significant ethephon effect but without a significant exposure X ethephon
Interaction, the average ethephon~induced Increases in days to fliower and
ieaves per plant and decreases in premature flowering were 2.7 days, 2.9
leaves, and 18.9 percentage points, respectively, when summed over the
exposure treatments.

The two highest percentages of premature flowering occurred at the
two locations with the |lowest average daily minimum temperatures during
the four weeks Immediately prior to transplanting (Table 4). .Thls
relationship Is consistent with previous reports of work with burley (40)
and flue-cured tobacco (33) In controlled enviromments, In which

earliness of flowering was related to decreased temperatures In the
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Table 3. Ambient temperatures and premature flowering at on-farm
tests with exposure duration x ethephon interactions for certain
parameters, 1983.

Mean daily minimum temp.

Weeks of from cover removal Premature

Location exposure until transplanting flowering
°C %
May 1 15.6 4
2 13.7 13
Hawthorne 1 4.3 15
2 5.9 20
Scarce 1 11.2 1

2 12.3 4




Table 4. Mean daily minimum temperatures at plant bed locations
immediately before and after transplanting, and percentages of
premature flowering (summed over treatments).

4 Weeks 1 Week Premature

Location preplant postplant flowering
°C °C %
1983 Hawthorne 4.4 11.1 17
May 11.7 13.9 9
Crews 8.9 11.1 8
Scarce 8.9 15.6 3
1984 Hawthorne 6.1 7.2 19
May 7.8 10.6 0
Guthrie 7.2 12.2 4
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seedl ing environment. In this study, however, the relationship between
pretransplant ambient temperature and premature flowering was not
consistent across locations (Table 4). This indicates that temperature
is not the only factor Involved In floral Induction of tobacco seed!Ings.

Stage of development of tobacco seedlings has been reported to
affect response to temperature (40,33,34). Seedling stage of development
was characterized at the times of cover removal and ethephon appiication
for the 1984 tests. Seedlings exposed for two weeks and one week at the
Hawthorne location, the only one with florally inductive conditlons In
1984, averaged 110 and 173 em? in leaf area and 2.2 and 5.9 c¢cm In stem
helght at the two respective times when the plant bed covers were removed
(Table 5). Average leaf area and stem height was 171 cm? and 6.1 cm,
respectively, when ethephon was applied. Lack of seedling-stage floral
Induction at the other 1984 |ocations prevents conclusions from these
data, except that seedl ings of these developmental stages can obviously
be florally induced. Dates when relevant management tasks were performed
and treatments were applied at each location are shown in Appendix Table
5.

Ethephon increased the number of days to flower for piants from both
one- and two-week exposure durations at the 1983 Hawthorne |ocation.
Ethephon=induced Increases in number of days to flower at the 1983 May
and Scarce and 1984 Hawthorne locations were obtained only for plants
exposed to the ambient environmment for two weeks (Tables 1 and 2).
Desplte a signiflcant ethephon effect on days to flower at the 1984 May

location (Appendix Table 4), differences in exposure X ethephon
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Table 5. Characterijzation of seedlings at time of plant bed cover
removal for on-farm test locations, 1984.

Weeks of Avg. total Avg.

Location exposure leaf area stem ht.
cm? cm
Hawthorne 1 173 5.9
2 110 2.2
May 1 200 9.5
2 126 5.3
Guthrie 1 252 9.0

2 81 2.5
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Interaction means were not significant (Table 2).

Since the tobacco Influorescence Is terminal, floral Induction
results in termination of leaf Initiation. Delayed floral Induction may
permit Initlation of additional leaves. Appllications of ethephon have
been shown to temporarily retard growth and development of tobacco
seedl Ings (48,43). Ethephon-induced Increases in days to flower could
result from the Initlation of additional leaves and/or delayed
development. Involvement of both factors would seem |likely when ethephon
was applled to seedlings géowlng In a florally inductive enviromnment,
whereas delayed development would appear to explaln an ethephon-induced
increase in days to flower under florally noninductive conditlons.

Premature fiowering Is related to days to flower, and reduced
premature flowering can also be an Indication of initiation of additional
leaves and/or delayed growth and development. At each of four locations
with a signiflcanf.efhephon effect on premature flowering (Appendix
Tables 3 & 4), ethephon reduced premature flowering, most dramatically in
the two~weeks exposed plants (Tables 1 and 2). At three of the four
locatlions, the effect of ethephon on days to flower and leaves per plant
was also significant. At the 1983 Scarce location, reduced premature
~flowering apparently was a result of ethephon-induced delayed development
since the ethephon effect was signffican* for days to flower but not for
number of leaves per plant.

The leaves are the marketed product In commercial tobacco
production, and increased leaf production would be a major benefit from

application of ethephon to tobacco seedlings. Ethephon applications
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signiflcantly increased the number of leaves per plant at flowering for
the two-weeks exposed blanfs at the 1983 Hawthorne and May and 1984
Hawthorne locations (Tables 1 & 2). The exposure effect on number of
leaves was not significant at any location (Table 2). Leaf numbers per
plant were not signiflcantly different for ethephon-treated seedlings
exposed to the amblent environment for one week or iwo weeks before
transplanting (Tables 1 & 2). The ethephon-induced Increase In number of
leaves for plants exposed for two weeks to a florally inductive ambient
environment Indlicates that pretransplant ethephon applications delayed
floral [nductlon.

An increase In yleld of ethephon-treated plants at the 1984
Hawthorne location was the only significant effect of exposure or
ethephon on either yleld or quality (Table 2). To avoid potential yleld
reductions from premature flowering, the ftops of plants flowering
prematurely were removed at all locations to break apical dominance and
permit production of additlional leaves from an axillary bud.
Conventlional removal of tops ("topping") of nonprematurely flowering
plants was Inadvertently implemented at a less than normal l|eaf number in
control plots at the 1984 Hawthorne location, and the reduced ylelds of
the untreated plots were the result of these topping procedures. Yield
decreases would be expected for prematurely flowering plants not treated
with ethephon if production of an axil|liary bud was not permltted.

Despite premature fioral Induction at the 1983 Crews location,
ethephon did not significantly Influence flowering (Table 1). Floral

induction may have been completed before the ethephon freatments were
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applied. Delayed flowering as a result of ethephon-induced suppression
of growth and development was not observed at this location. Kasperbauer
reported that ethephon appllied after floral induction did not affect leaf
number or days to flower (43).

Increased days to flower and leaves per plant at flowering as a
result of pretfransplant ethephon appllications to flue-cured tobacco
seedl ings are In agreement with results of similar studies with buriey
tobacco seedlings grown in a controlled florally inductive environment
(43). Premature flowering can be a serious problem for tobacco
producers, éspecially those growing susceptible cultivars such as NC 82,
since premature flowering increases labor requirements and production
costs and can decrease yleld. Results of these tests Indlcate
conclusively that ethephon applied to flue-cured tobacco NC 82 seedlings
grown In florally Inductive ambient environments in on-farm plant beds
can significantly decrease premature flowering and Increase the average
numbers of |eaves per plant at flowering and days from fransplanting to
flowering. Timing of removal of perforated plastic plant bed covers can
Influence the flowering of and also the effect of pretranspiant ethephon

on the flowering of flue-cured tobacco.

Plant Bed Ethephon Applications
In earlier studies (48,43), ethephon was appllied to tobacco
seedlings as a single prefranspiant treatment. In this study, the
ethephon was appiled as single and double pretransplant applications and

as a slngle pretransplant combined with a second application 10 days
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after transplanting.

Single and multiple applications of ethephon significantiy reduced
premature flowering and increased the number of days to flower and leaf
nodes per plant (Table 6). Multiple applications, whether pre- or post-
transplant, did not add to the effect of a single pretransplant
appl ication.

Pretransplant single and double applications of ethephon, compared
to controls, signlflicantly Increased yield (Table 6). However, yleld of
plants freated with the combination of pre- and post-transplant ethephon
appllcations was not signiflicantly different from yleld of control
plants. The additional application 10 days after transplanting severely
suppressed early-season plant growth, but no differences were observed in
heights at flowering among pliants receiving the different ethephon
treatments. Delayed early development probably contributed to the
reduced yleld of plants recelving the combination pre- and post-
transplant treatment compared to controls. Increases in leaf welght
normal occur after removal of the Influorescence (78,79), and delayed
development apparentiy delayed these weight increases. Delayed growth
and development of plants receiving the combination pre- and post-
transplant ethephon treatment apparently decreased cured- leaf quality
compared to that of controls (Table 6). Quality has been associated with
a deciine In nifrogen utilization and an increase In starch accumulation
In tobacco {eaves at the time of flowering (78,79), and a delay in the
Timing of these events could reduce quality. In contrast, cured-leaf

qual Ity of plants treated with single and double pretfransplant



42

6L TAA e 2y L €°g 17621 (%) AJ
SN SN I'g 222 rz 8 2" b 50"0qs7
9-¢¢ G8°1 6°¥S 6¥9¢ 0°6¢ 8 8V 1°¢ I I
1°12 v9°1 8°96 08L¢€ v 8¢ 6°9Y I'1 0 e
8°1¢ 19°1 8709 L9/¢€ €782 1°6v 't 0 I
G €¢ 781 L°65 L9VE £°62 L°0F 6°1¢ 0 0
% % -4 b %
saebns AULI0DLN Xapul PLOLA jue|d JaMmo|}  bBurusmolj jue|dsuea}  jue|dsueay
buLonpay A1l end Jaad 01 danewsad -31so0d -a4d
SapoN sAeq " suotiedl dde

uoydayia jo ‘opN

020eq0] PaUNd-an(y 40

SJL3SLJad3oeaeyd oLwouodsbe uo suotjest dde uoydayils jo buiwil pue aaqunu Jo 3duanju] °9 aiqel



43

applications of ethephon was not dlfferent from qual ity of control
plants. However, quality of plants treated with pre- and post-transplant
multiple applications was significantly lower than that of plants treated
with only a single application of ethephon.

Percentages of nlicotine and reducing sugars in the cured leaves were
not significantly different among treatments (Tabie 6). Similar results
have been reported from experiments with burley tobacco (43).

Results of this experiment indicate no benefit from more than one
appllcation of ethephon to tobacco seedlings for control of premature
flowering. Cured-leaf quallty was actually reduced by multiple
applications, and yleld was lowered when the single pretranspiant

application was supplemented with a second ethephon application 10 days

after transplanting.

Stage of Development

Tobacco seedl ing stage of development affects the duration of
exposure to an Inductlve environment required for floral Induction.
Larger seedilings can be induced to flower more qulickly than smaller
seedl ings exposed to the same florally inductive environment (40,41).

Although the environmental conditions and duration of exposure to
such conditions necessary for floral induction of tobacco seedlings under
ambient conditions have not been preclsely characterized, the label on
the formulation of ethephon used In this study ("Florel") only states
that ethephon should be applied three to four days before transplanting.

Eleld test. Percentage premature flowering of untreated and treated
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plants was not significantly different because of the low level (4.2%) of
premature flowering In control plants (Table 7). Even with a iow level of
premature flowering, number of leaf nodes per plant at flowering was
significantly Increased by application of ethephon to seedlings at each
treatment height. Differences In numbers of leaf nodes among treatments
were not large and may not have been agronomically significant, but were
sufficlently consistent (the coefficient of variation was 1.7%) to be
statistically significant. The average number of days from transplanting
to flower was increased by ethephon appliication to seedlings with stem
heights averaging 1.5 and 2.5 cm. Days to flower for plants treated at
the 5.0 cm stage were not significantly different from days to flower of
control plants. These results suggest that the generally observed delay
of growth and development from ethephon was greater when ethephon was
applied to small seedlings.

Yield, quality indices, and percentages of nicotine and reducing
sugars In the cured leaves were not different among treatments (Table 7).
Pretransplant ethephon application did not reduce yield or quality of
plants not exposed to a fiorally inductive enviromment, regardless of
seedl ing stem height when freated. Yield Increases fra% ethephon
application may have been observed If the level of premature floral
Inductlon had been higher. Seedlings in this experiment were small
relative to those in the other field experiments at the Southern Piedmont
Center, and this may account for the low level of floral induction.

Greenhouse tests. Ethephon applied to seedlings of 1.5 cm stem

helght dramatically increased days to flower and number of |eaf nodes per
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plant (Table 8). This treatment was appiied seven days after fransfer of
seedl ings to the floral induction chamber and Indicates that fioral
Induction had not been completed at that time.

In test one, days to flower for controls and seedlings treated at
the 2.5 cm stem helght were not different (Table 8). Although the
numbers of leaf nodes at flowering for plants recelving these two
treatments were statistically different, the numerical difference was
smal | and not considered agronomlically important. Completion of floral
induction In the 2.5 cm seedlings prior to attainment of treatment size
caused the lack of meaningful dlfferences among plants recelving these
two treatments. When transferred from the greenhouse to the floral
Induction chambers, seedlings in test one averaged 8.7 mm in stem height
and, In the 15°C environment, did not reach 2.5 cm until after the three-
week Induction perlod.

In test two, seedlIngs averaged 16.0 mm in stem helght when placed
In the inductlon chambers, and had attained the 2.5 cm stem height nine
days later. Therefore, significant Increases In days to fiower, leaf
nodes and stem heights at flowering were observed in plants freated at
this stage of development (Table 8). The increase in nodes per plant was
significantly greater when the ethephon was appiied fo seedlings
averaging 2.5 compared to 1.5 cm in stem helght. Corresponding increases
in days to ficwer and stem height at flowering fol lowed the same trend
but were not statistically significant. The reason for the increased
leaf node response to ethephon by the seedlings averaging 2.5 compared to

1.5 cm In stem height is not known. The conclusion Is nonetheless valid
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Table 8. Influence of ethephon applied to greenhouse-grown flue-
cured tobacco seedlings at two stages of development.

Stem ht. (cm) Test 1 Test 2
when treated Days to Leaf nodes Days to Leaf nodes Stem ht. (cm)
with ethephon flower per plant flower per plant at flower
Control 9.6 11.0 11.6 12.0 51.9
1.5 32.4 25.6 44.2 24.2 99.9
2.5 10.8 11.8 59.0 33.8 125.3
LSDO'05 2.7 0.7 16.6 8.5 31.1

Cv (%) 10.7 2.8 29.8 24.9 23.1
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that ethephon appllied to flue-cured tobacco seedlings prior to the
completion of controlled floral induction significantly Increased days to
flower and number of leaf nodes at flowering.
Ethephon Volume

Fleld test. Evaluation of pretransplant ethephon rates for control
of premature flowering and for seedling growth suppression in flue-cured
tobacco has not been reported. In this study, on the sixth day after
treatment, the lowest one or two leaves of seedlIngs freated at the 244
mL w2 rate were slightly yéllowed and the bud and upper leaves were
slightly crinklied compared to seedlings recelving the other freatments.
Four days later, these effects were accentuated and the plants had
developed a rosette appearance. Buds of these plants, In contrast to
other plants, were shorter and appeared to be positioned lower in
relation to leaves basipetal to the bud. Buds of control seed!ings were
l1ght green to yellowish, which is a characteristic of rapid growth. In
contrast, buds of the 244 mL m~2-treated plants were dark green. No
differences In plant hablt were observed for seedlings recelving ethephon
at the rates of 0, 41, 81, or 122 mL m'z, except that on day 20 after
treatment the upper leaves of seedlings treated at 41, 81, and 122 mL m~2
appeared slightly more pointed at the leaf tip. Ethephon treatments
were replicated only once In the piant bed, and as a result of the small
number of statistical degrees of freedom, weekly Increases in stem height
of plant bed seedlings were not significantly different among treatments

(Table 9). However, the general trend was that an Increased ethephon

rate suppressed stem elongation. Signlficant differences In stem
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Table 9. Weekly stem elongation for flue-cured tobacco plant bed
seedl ings following treatment with ethephon at 5 rates.

Stem elongation after treatment

------------------ Week-=--mwccmmcmcccceeeee
Ethephon rate 1 2 3 4
mLom cm/week _
0 3.6 13.1 16.7 9.4
41 2.2 12.7 13.7 5.4
81 3.0 10.5 13.8 4.9
122 1.9 11.2 16.4 6.6
244 1.5 9.0 12.9 3.5
LSD NS NS NS NS

0.05
CvV (%) 41.8 20.4 11.0 36.9
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elongation were obtained for the third week after transplanting (Appendix
Table 6), with elongation significantly reduced In plants receiving
ethephon at the 244 mL m~Z rate compared to controls (Table 10). In
general, stem elongation was suppressed as ethephon rate was Increased.
Differences in stem elongation were not signlflicant for weeks one and two
after transplanting. Transplant stress may have slowed growth of all
seedl Iings and made treatment effects undetectable. Four weeks after
transplanting, differences in stem elongation were not signlficant,
suggesting that the plants had recovered from suppression of growth.
Ethephon-induced suppression of stem growth in burley tobacco has
previously been reported (43).

Percentage premature flowering of plants transplanted three days
after treatment (3-day transplants) was not affected by ethephon rate
(Table 11) and was signiflcantly less than percentage premature flowering
for the 7-day transplants (Appendix Table 7). Ethephon application
significantly reduced premature flowering In the 7-day transplants. The
greatest reduction was obtained from the 244 mL m~2 rate (Table 11).
Numbers of leaf nodes per plant were not different among ethephon rates
for plants transplanted three days after treatment, but for the 7-day
transplants, the number of nodes for control plants was significantly
less than those for ethephon treated plants (Table 11). Differences In
node counts among the different rates were not significant. This
suggests that the differences in premature flowering among ethephon rates
for the 7-day transplants resulted from delayed growth and deveiopment

and not from initiation of additional l|eaves. Differences In premature



Table 10.

Posttransplant weekly stem elongation summed over two
transplant dates of flue-cured tobacco treated pretransplant
with 5 rates of ethephon.

Ethephon rate

Stem elongation after treatment

-—— - - -y - - - - - - - -y - — -

mL m

0
41
81

122
244

30.3
28.8
28.0
27.2
27.4
NS
13.8
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Table 11. Flowering characteristics of flue-cured tobacco
transplanted at 2 dates following application of ethephon at
5 rates.

Days Nodes

Premature to per

flowering flower plant

Transplant day
Ethephon rate 3 7 3 7 3 7
mL m2 %

0 1.4 51.1 48.2 36.3 27.5 22.2
41 2.8 16.7 48.4 43.0 27.6 26.1
81 1.4 24.0 48.7 41.1 27.7 25.8
122 1.4 19.0 49.4 43.0 26.9 26.0
244 0.0 3.0 53.0 46.6 27.2 26.8
LSDO_05 NS 10.6 1.8 4.9 NS 1.8
cv (%) 168.4 48.0 1.9 6.2 2.5 3.8




53

flowering of control and treated plants, when transplanted seven days
after treatment, are apparently due both to the Initiation of additional
leaves and to delayed development.

Average number of days from fransplanting to flower for the 3-day
transplants was not different among treatments, except for a signlficant
increase for plants recelving the high rate of ethephon (Table 11). This
indicates that the high rate of ethephon delayed plant development to a
greater extent than the lower rates. Days to fiower for the 7-day
transplants were signlficantly higher for ftreated compared to control
plants, except that days to flower for plants treated at the 81 mlL m=2
rate and for control plants were not statistically different. Data for
premature flowering and leaf nodes suggest that the lack of difference In
time of flowering between plants receiving these two treatments may be
more statistical than biological.

Yield of the 7-day transplants followed the pattern for nodes per
plant, with ethephon applications resulting In significant Increases in
yleld, and with no significant differences in yield among plants
receiving the four pretransplant ethephon rates (Table 12). When
seedl Ings were fransplanted three days after treatment, ethephon
applications did not significantiy affect yleld at the 0.05 probability
level. Yleld data (Table 12) suggest an apparent ethephon-induced
reduction in yleld of 3-day transplants, but lack of differences In
number of leaf nodes (Table 11) support the lack of significant
dlfferences in yleld.

Qual ity index Is derlved from the official U.S. Government grades
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applied to flue-cured tobacco (77) and Is an indicator of cured-leaf
quality. Quallty Indices of the cured leaves of control and ethephon
treated plants were not significantly different within transplant dates
(Table 12). Percentages of nicotine and reducing sugars In the cured
leaf are Important criteria in the desirabiiity of flue-cured tobacco to
purchasers (79). In this study, differences In percentages of nicotine
and reducing sugars between cured leaves of control and ethephon treated
plants were not significant (Table 12).

Signlficant differences were observed In percentage premature
flowering, days to flower, number of leaf nodes per plant at flowering,
yleld, quallty and percent nicotine for 3-day and 7-day transplants
(Appendix Table 7). Increased premature flowering and decreased days to
flower (Table 11) and yleld (Table 12) for plants from seedlings
transplanted seven compared to three days following ethephon treatment
were observed at all| rates of ethephon. Decreased number of l|eaf nodes
for the 7-day compared to 3-day transplants appears to result mainly from
the reduced number of nodes in 7-day control plants (Table 11). Higher
qual ity Index of the 7-day transplants was observed for ethephon rates of
41 and 244 mL m~2 (Table 12).

Increased nicotine level of the 7-day tfransplants could be due to
the reduced yleld of these piants (Table 12). Nicotine Is synthesized In
+he roots and transported to the above ground parts of the tobacco plant
(28). Reduced yield could result In a higher concentration of nicotine
in the leaves [f the root systems of the high and iow yielding plants

synthesized simllar amounts of nicotine.
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Explanation of the effect of posttreatment fransplant date on
premature fiowering and quality Is more difficult. Link (48) reported
delayed flowering and reduced yleld of burley tobacco plants when
transplianted one day fol lowing ethephon treatment but not when
transplanted 3, 7, or 10 days posttreatment. No explanation was given
for this effect. DIfferences In performance among transplant dates of
flue-cured tobacco were reported by Miner (57) to be the resuit of
different environmental conditlons between dates. In this study, the
transplant dates were 21 and 25 May, and 1.3 cm of rainfall, ending a
two-week drought, were measured at the Southern Pledmont Center on 23
May. Varlations in mean dally temperature during this period were
minimal, and the ralinfall on 23 May would not appear to explain the
effect of transplant date In thls study. Plants under stress from
drought and other environmental causes synthesize ethylene at [ncreased
réfes (85). Transplant shock may therefore have Induced ethylene
blosynthesis. Detection of ethylene from ethephon-treated mature flue-
cured tobacco plants was reported to decline rapidly after 24 h and to
have apparently stopped after approximately 96 h (22). Therefore, the
amount of ethylene from ethephon decomposition and perhaps also fram
ethephon-induced biosynthesis of ethylene In the fobacco seedl ings may
have been greater at three than at seven days after ethephon tfreatment.
However, results of a related experiment (ethylene quantification)
Indicated minimal differences in ethylene evolved from tobacco seedlings
four and elght days after ethephon treatment (see Table 23). These

factors may have resulted in higher ethylene concentrations in the 3-day
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transplants. A florally inductive posttransplant environment would have
been necessary for thls possibllity to have caused the observed effects
of transpiant date. Temperatures at the Southern Piedmont Center during
21 May to 3 June may have been florally inductive (Appendix Table 8).
Another interpretation of the effect of transpliant date can be
made. The 7-day tfransplants were exposed to the pretransplant
environment for an additional four days, and this increased duration of
exposure may have resulted in the Increased level of floral induction.
Percentage premature flowering was approximately 1 and 51% in the
controls transplanted 21 and 25 May, respectively (Table 11). The
average dally minimum temperature was 17.3°C for 21 through 25 May and
9.8°C during the pretransplant period 23 April through 20 May. These
temperatures were apparently florally Inductive. Furthermore, the larger
seedl Ings probably intercepted most of the ethephon spray, and therefore
the smaller seedlings underneath recelved signiflcantly less volume of
ethephon. Three days later, the larger plants were removed from the
plant beds and transplanted, and the majority of the remalning seedlings,
from which the 7-day fransplants were selected, were ones which had
recelved less ethephon. The 7-day transplants, therefore, flowered
earller and with fewer leaves, and yleld was lowered (Table 11). Also,

average qual ity Index of the 7-day transplants was higher than that of

+he 3~day transplants (Table 12). Weybrew and Woltz have associated
qual ity Improvement In flue-cured tobacco with depletion of avallable
soll nitrogen at approximately the time of flowering (78,79). Twenty

centimeters of rain fell In July and probably leached much of the soll



nltrogen from the root zone. After adjusting for the four day
differences In +}ansplanf date, the 7-day transplants flowered an average
of almost 3.5 days earlier than the 3-day transplants. Depletion of
available soll nltrogen probably occurred at or near the time of
flowering In the 7-day transplants and may account for the higher quallity
of these plants.

Greenhouse test. The Influence of ethephon on days to flower, stem
height at flowering, and stem elongation for greenhouse-grown plants are
shown In Tables 13 and 14. Except for during the third week after
treatment, ethephon applications significantly influenced stem elongation
from the time of treatment until at least six weeks after treatment
(Table 13). The general pattern was for an Increased rate of ethephon to
decrease stem elongation. This same pattern was observed in the fieid
test. Lack of significant dilfferences In stem elongation during week
three cannot be explained. Days to flower were Increased by application
of ethephon at rates of 81, 122, and 244 mL m~2 (Table 14). Since the
seedl Ings were not exposed to a florally Inductive enviromment, the
effect of ethephon on days to flower for these plants Is apparently due
+o suppression of growth and development. Lack of significant
differences In stem heights at the time of flowering (Table 19) Indlcates
that growth suppression was temporary.

Appearance of the greenhouse-grown seed!Ings following ethephon
treatment was generally similar to that of the piant bed seedi ings. By
day 6 after treaiment, the lower one or fwo leaves of seedlings treated

at the 244 mL m~2 rate were yellow or yellowish crange. The small leaves
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Table 13. Weekly posttreatment stem elongation of greenhouse-grown
flue-cured tobacco treated with 5 rates of ethephon.

Stem elongation

Ethephon rate Week 1  Week 2 Week 3 Week 4 Week 5 Week 6
mL m~2 cm/week

0 5.5 9.0 10.2 19.7 29.0 27.9

41 4.5 8.3 11.3 19.8 28.3 29.8

81 3.6 7.8 10.0 17.7 23.2 28.2

122 3.5 6.4 9.4 15.9 21.9 26.4

244 2.0 4.8 10.0 14.1 19.0 20.9
LSDy g5 1.3 1.8 NS 2.7 4.3 4.2

cv (%) 38.5 26.2 21.9 17.3 19.7 17.3
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Table 14. Stem height at flowering and days to flower for greenhouse-
grown treated with 5 rates of ethephon.

Stem ht. at Days from potting
Ethephon rate flowering to flower

mL m~2 cm

0 83.6 36.4

41 86.1 37.8

81 89.7 41.3

122 86.7 42.0

244 90.9 47.6

LSD NS 3.2

0.05
v (2) 14.6 8.7
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in the bud were mottled and the leaf tips and margins were |ight green.
The extreme tip of these leaves was brown and the upper leaves crinkled.

2 rate were

On day 17 after treatment, seedlings treated at the 244 mL m~
distinctly shorter than the other seed!ings and had developed a rosette

appearance as a result of shorter internode spacing and. suppressed growth

2 rate and confrol

of the upper leaves. Seedlings treated at the 41 mL m
seed| ings were simllar In appearance. Buds of seedlings treated at the
81 and 122 mL m~Z rates appeared slightly rosette~iike and the upper
leaves were slightly retarded in growth. In general, green color of the
seedl Ings Increased In Intensity as the ethephon rate was Increased.
This was attributed to higher concentrations of nltrogen due to
suppressed growth of these seedlings. Leaves to which ethephon was
applied at the 244 mL m~2 rate remalned suppressed In size throughout the
duration of this experiment.
Growth Chamber Ethephon Timing

The results of this experiment indicate that the timing of the
ethephon application was not critical during the first two weeks of a
three week exposure to a florally Inductive environment. Percentage
premature flowering and days to flower were significantly reduced by
.e+hephon applled to seedlings after 0, 7, or 14 days exposure, and were
not different among these treatments (Table 15). In test one, ethephon
applled after 0, 7, or 14 days reduced premature flowering from 47 fo 0%
and Increased the average days to flower fram 44 to approximately 70.
Also, numbers of leaf nodes per plant were Increased fram 18 to

approximately 26 and yleld was Increased fram 2578 to approximately 3156
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kg ha'1 by ethephon applied at any of these times.

Percentage premature flowering and number of leaf nodes per plant
for plants with ethephon applied on days 0, 7, or 14 and for noninduced,
late control plants were not different (Table 15). Therefore,
application of ethephon to seedlIngs prior to completion of floral
Induction completely negated floral Induction. However, ethephon
treatment after 0, 7, or 14 days exposure, compared to late control
plants, delayed days to flower. This appears to be the result of delayed
growth and development resulting from ethephon treatment.

The level of floral induction was lower in test two, and only 18%
premature flowering was observed (Table 15). Consequently, yleld was not
reduced by premature flowering, and number of leaf nodes was not
increased by ethephon applied after 0, 7, or 21 days exposure to the
controlled florally Inductive enviromment. However, leaf nodes for
plants treated after 14 days exposure were statistically greater than
those of control plants, but were not different from those of plants
treated after zero or seven days. The difference In nodes between
controls and plants treated after 14 days Is not |ikely of agronamic
signiflcance since premature flowerling, days to flower, and yleld were
not different for plants treated after 0, 7, or 14 days exposure. Warmer
temperatures during the one week conditioning period In the lath house
and also following transplanting (Appendix Table 9) may explain the
reduced level of Induction In test two. However, this interpretation
would require the assumption that floral [nduction had not been completed

In some plants during the three-week period In the growth chambers.
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Thomas et al. (68) reported reduced ieaf numbers of flue-cured tobacco as
a result of lower posttransplant temperatures.

Seedl ing stage of development can also affect floral Induction.
When transferred to the floral Induction chambers, seedlings in this
study averaged 131 cm® in leaf area and 4.0 cm stem helght In test one
and 73 cm? and 1.6 cm, respectively, in test two. Average leaf area of

2

seedl Ings In both tests exceeded the reported 25 cm® minimum requlired for

floral induction of a N. tabacum L. breeding Ilne (33). However,
Kasperbauer (40) reported that floral Induction of burley tobacco
occurred after fewer Inductive cycles as plant size or age Increased.
Floral Induction of tobacco seedlings has also been assoclated with rapid
growth of leaves (34). In this study, the average total Increases In
stem height from day 0 to day 21 were 7.4 and 7.0 mm for control
seedl ings In tests one and two, respectively. Corresponding Increases In
total leaf area per plant from day 0 to day 21 averaged 15.4 and 41.8 cm?
for control seediings in tests one and two, respectively. Senesced |ower
leaves were not included in the day-21 leaf area measurements. The
difference In stem height Increases of seedlings In tests one and two
appears to be Insignificant, and the reduced level of floral Induction In
test two cannot be explained on the basis of a decreased rate of leaf
growth.

Despite the reduced level of floral Induction {n test two, the
responses of premature flowering and days to flower followed the same
pattern in both tests. Ethephon applied on day 0, 7, or 14 reduced

premature flowering to aimost zero and Increased days to flower (Table
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15). Premature flowering was not signlflcantly reduced when ethephon
appl ication was delayed until the end of the three week induction period.
Days to flower were not Increased ln'fesf two by ethephon applied after
21 days exposure, possibly due to a warmer posttransplant environment in
test two (Appendix Table 9). Growth suppression would be expected to be
|ess severe In more favorable growing condlitions.

Ethephon, which releases ethylene upon absorption by plant tissue,
had been reported by Kasperbauer (43) to Increase days to flower and
number of leaves at flirst flower In two of three tests when appilied to
pretransplant burley tobacco seedlings 11 days after exposure to a Z1-day
controlled florally inductive enviromment. Influence of ethephon when
appiled to seedlings of flue-cured tobacco and at times prior or
subsequent to 11 days exposure to a florally Inductive environment had
not been previously reported. Although evidence (43) suggested that
ethephon application would not negate an already compieted floral
Induction, whether the timing of the application was otherwise critical
was not known.

The delay In flowering of the day-21 ethephon treated plants could
be expected as a result of ethephon-Induced suppression of growth and
development. However, even the small Increase In leaf nodes observed in
test one was not expected since ethephon was applied affer the floral
Induction period. Kasperbauer reported that ethephon applied after
floral Induction did not increase leaf numbers of burley tobacco (43).
He postulated that burley tobacco seediings treated with ethephon were

unresponsive to a florally inductive environment during the perlod of
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ethephon-induced temporary growth suppression (43). If floral induction
in some plants was only partially but nearly completed after 21 days, a
subsequent floraliy inductive environment during the one week period of
conditioning in the lath house and/or after transplanting (Appendix Table
9) could have completed Induction of the control seedlings. In that
situation, sensitivity to the Inductive environment of the day-21 treated
seedl Ings could have been delayed by ethephon treatment. After the
ethephon effect subsided, the plants treated after 21 days exposure could
be florally Induced more quickly than those exposed 0, 7, or 14 days
before treatment, assuming an addltive response to exposure. However, a
more probable explanation for the Increased number of leaf nodes for day-
21 treated compared to control plants Is that the magnitude of difference
In percentage premature flowering (7 percentage points less In the day-21
treated plant) may have been sufficlent fto account for a siight Increase
In average number of |eaf nodes. Also, number of leaves per plant at
flowering (data not presented) was determined concurrently with number of
leaf nodes, but did not include lower leaves which had senesced or upper
leaves less than 1.0 cm wide. The average number of leaves were 14 and
13 for the control and day-21 ethephon treated plants, respectively, and
were not statistically different. This was the only situation In which
statistical differences for leaf nodes and number of leaves did not
fol low the same pattern among treatments.

Premature flowering was less and days to flower and number of |eaf
nodes were greater for late controi (included only In test one) compared

to control plants (Table 15), indicating that the |ate control seedlings
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were not florally induced. The additional nine inductive cycles to which
the controls were exposed resulted Iin a large increase In premature
flowering. Floral Induction under these conditions was apparently
completed at some point between 12 and 21 days exposure to the Inductive
environment. In eariler reports, a minimum of 10 and approximately 14
days, respectively, were required for floral Induction of a flue-cured
breeding [ine (33) and burley tobacco (40,41) seed!ings.

Yield followed the same pattern as number of leaf nodes per plant,
with no significant difference In yields of control and day-21 ethephon
treated plants, and no difference In ylelds of late controls, Included In
test one, and plants treated with ethephon on days 0, 7, or 14 (Table
15). These results show that premature flowering can seriously reduce
ylelds. With 47% premature flowering In control plants, pretranspliant

ethephon appllcation increased average ylelds by as much as 715 kg ha-1,

Yield increases from ethephon appllied to burley tobacco seedllngé exposed
to a florally Inductive enviromment were also reported by Kasperbauer
(43). Ethephon did not affect the qual ity Index or percentages of
nicotine and reducing sugars In the cured leaves (Tabie 15). In
contrast, ethephon applied to posttransplant, maturing tobacco plants has
been reported to significantly influence cured leaf quallity, nicotine,
and reducing sugars (19,21,50,53). Potential Infiuences of ethephon on
cured leaves are apparently lost if ethephon is appllied to plants In the
seedl ing stage of development.

Within aproximately one week after treatment, the lower leaves of

treated seedlings (each seedlling received approximately two mL of 960 mg
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L™ ethephon, which Is approximately a 4 to 5X label rate) began to

yel low more rapidly than those of control seedlings. These |eaves of
treated seed!ings developed small necrotic spots and were easlly
abscissed during handling. Ethephon-induced yellowing and senescence of
mature leaves of tobacco Is well documented (19,21,50,53). The younger
|eaves near the apical bud did not yellow, and were darker green than
corresponding leaves of control seediings. At fransplanting, most l|eaves
had abscissed and only a few very small bud leaves remained. Initial
growth of these transplants was extremely slow, but at flowering, the
plants had attalned normal size. This severe stunting made fransplanting
and early cultivation difficult, and extreme care was taken to avoid
covering the seedlings with soll. However, this was a minor problem
considering the subsequent benefits In yleld and crop unlformity

resul ting from efhéphon-lnduced reductions in premature flowering.
Severity of stunting may be reduced by appiication of lower volumes of
ethephon per plant. Comparable rates of ethephon had a greater Influence
on appearance of tobacco seedlings grown In the greenhouse and growth
chamber than on seedlings grown In an outdoor plant bed. Greenhouse-
grown seedl ings appeared more succulent and may have absorbed ethephon
more readlily than plant bed seedlings. Yellowing of lower |eaves and
growth suppression was more obvious for seedlings +rea+ed In the growth

chamber than for seedlings treated in outdoor plant beds.

Ethephon Wash-of f

In conducting research with ethephon on tobacco seedlings in the
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amblent environment, questions were ralsed concerning a critical
posttreatment time period before which a rainfall would significantly
reduce the effect of ethephon by washing off the material. Literature

searches ylelded no reports of relevant experiments with tobacco

seed! Ings.

Signiflcant differences were not obtained for days to flower and
number of leaf nodes for controls and plants washed 15 and 30 minutes
after treatment, except that leaf nodes of plants washed 30 minutes after
treatment were §reafer than controls in test one (Table 16). When
washing was delayed unti] 60 minutes after treatment, significant
Increases In both parameters over controls were observed for days to
flower and leaf nodes.

In test one, plants washed 120 minutes after treatment flowered
later and had more leaf nodes than those washed at 60 minutes (Table 16).
Days to fiower and leaf nodes were not additional ly increased by delaying
washing untll 240 minutes after treatment.

In test two, no differences were observed In days to flower and |eaf
nodes for plants washed at 60, 120, and 240 minutes after treatment
(Table 16). Ethephon treated plants which were not washed flowered
signlficantly later and with increased number of leaf nodes than plants
washed 120 minutes affer.freafmenf. Days to flower and leaf nodes were
not signiflcantly dlfferent for plants washed after 240 mintues and those
not washed.

Stem heights at flowering, measured only in tfest two, responded to

ethephon In similar ways as days to flower and leaf nodes. At flowering,
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stem heights were not different for controls and plants washed at 15 and
30 minutes, but these heights were significantiy lower than those of
plants recelving the other treatments (Table 16). Stem heights at
flowering were not significantly different for plants washed at 60, 120,
and 240 mlnutes after ethephon treatment. Not-washed plants were taller
than plants washed at 120 minutes but were not different in height from
plants washed at 60 and 240 minutes.

Al though the differences were not statistically significant, plants
washed at 120 minutes In test two tended to flower earllier, had fewer
leaf nodes, and were shorter than plants washed at 60 or 240 minutes
after ethephon treatment (Table 16). Experimental unlts were Individual
plants, and plant to plant variation could greatly influence treatment
means. In test two, two of the flve plants washed at 120 minutes after
treatment flowered considerably earller than the remaining three plants.
Floral induction had apparently been completed In these plants before
ethephon was appllied. Eariler flowering of these two plants would
therefore explain the variation observed in the flowering of plants
washed at 120 compared to 60 and 240 minutes after treatment.

These results indicate that a 2.5 cm ralnfall within between 30 to
60 minutes after applicatlion of ethephon can negate the reduction In
premature flowering obtained fram ethephon. These resultfs also suggest
that for maximum benef!t, the ethephon should not be washed off the
seedlings within a period of approximately one to two hours after

appl ication.

Stem heights were measured at weekly Intervals after treatment.
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Lack of differences In stem elongation of seedlings In the growth chamber
are attributed to slow seedllng growth In the 15°C environment, and
perhaps also to a lag In response to ethephon. A similar lag In response
to ethephon applled to burley tobacco was obtained by Kasperbauer (43),
who reported no difference In stem helghts of ethephon freated and
control plants two days after treatment, whereas differences were
observed at subsequent times.

After subsequent transfer of seedlings to the greenhouse, stem
elongation of seedlings In test one were not different among treatments
during the first week (posttransplant days 7 fto 14) (Table 17). During
the second week, stem elongation for seedlings washed at 240 minutes
after treatment was less than for control seedlings and seedlings washed
at 30 minutes. |In test two, stem elongation during the first eight days
after transfer fram the growth chamber to the greenhouse did not foliow a
logical pattern. Stem elongation for not washed seedlings and those
washed at 60 minutes was less than that for seedlings washed at 15 and
120 minutes (Table 17). This treatment grouping for seedling stem
elongation Is not readlly explalned. During the subsequent seven days
(posttreatment days 20 to 27), stem elongation for seedlings washed at
240 minutes énd those not washed was significantly less than that for
control seedlings and treated seedl ings washed at 15 and 30 minutes after
treatment. Furthermore, stem elongation for not washed seedllings during
this period was significantly less than that for seedllings washed at 240
minutes. |n general during these perlods, differences In stem elongation

among seedlings receiving the different treaiments followed a less
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logical pattern than the parameters assoclated with flowering (Tables 16

and 17). Stem elongation may respond to ethephon less directly than does

flowering.

Ethephon Local [zation

Application of ethephon to localized sltes on flue-cured tobacco
seedl Ings was studled to determine the site or sites on the plant to
which ethephon must be applied In order to delay Induction. The
statistical probability of a greater F value for the effect of ethephon
amount on flowering parameters ranged from 0.42 to 0.98, Indicating that
the changes In the amount of ethephon applied did not cause significant
varlations in seedling response within a glven treatment.

In test one, days to flower and leaf nodes per plant at flowering
were not signlficantly different for controls and seedlings to which
ethephon was applled to the yellow leaf or the fourth leaf (which was
very small) above the yellow leaf (Table 18). Senesced and immature
leaves export |ittle If any photosynthate (45,76,51) and, assuming
ethephon transport In the phiocem In a source to sink relationship (763,
these leaves may have exported Insignlficant amounts of ethephon to the
shoot apex. Plants treated at leaf two flowered later and had more leaf
nodes than plants treated at leaf one, but were not significantly greater
than those for plants treated at leaf three. Leaf three recelved less
ethephon than leaf one, but the difference was not critical or perhaps
leaf three exported more ethephon to the shoot apex than did leaf one.

Leaf two was general ly the largest leaf on each seedling and therefore
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received more ethephon (Table 18). Application of ethephon to all four
leaves did not significantiy increase days to flower or number of leaf
nodes when compared to seedlings to which ethephon was applied only to
|eaf one, two, or three. Application to all four leaves plus the bud
resulted in the greatest numbers of days fto flower and leaf nodes per
plant at flowering. Numbers of days to flower and leaf nodes for plants
recelving this treatment were signlflcantly higher than those for all
other ireatments except appllications to all the leaves and to leaf two.
Seedl ings to which these' three treatments were applied received greater
amounts of ethephon than seedlings recelving the other tfreatments,
excluding the roots treatment. Days to flower and leaf nodes were not
signiflcantly dlfferent among plants to which the ethephon was appiled to
the bud at concentrations of 960 and 2880 mg L", although plants which
recelved the higher concentration flowered approximately five days later
and had approximately four more leaf nodes. Days and nodes for seedlings
treated In the bud with an average of 0.09 mg ethephon were not
signiflcantly less than those of seedlings to which an average of 1.19 mg
ethephon was appiled to all the leaves. This Indicates that not only the
amount, but also the locallzation of ethephon application Is Important.
This observatlon Is supported further by comparison of ethephon
applications to leaf four and to the bud. Signiflcant Increases In days
+o flower and leaf nodes were obtalned by appllication of 0.03 mg ethephon
+o the bud but not by application of 0.02 to 0.08 mg to leaf four. Leaf
four was located very near the bud, but being an Immature leaf, probably

did not export ethephon to the shoot apex, where floral Initiation
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occurs. Application of 10 mg of ethephon to the roots via the potting
media resulted in significant increases in days to flower and leaf nodes
compared to controls and to seedlings treated at leaf four (Table 18).
This suggesfs‘fhaf ethephon taken up by the roots Cor perhaps an ethylene
precursor (35)] was subsequently franslocated to the shoot apex.

Results of test two were similar to those of test one, with the
fol lowing exceptions. Application of ethephon to the yellow leaf
resulted In days to flower and leaf nodes which were significantly higher
than those of control seedlings (Table 18). The yellow leaves in test
two were slightly less yellow than those In test one, and perhaps were
stil| capabie of exporting materlals fo acropetal plant parts. Also,
seedl Ings to which ethephon was applied to all four leaves flowered the
J]atest and with the most leaf nodes. Furthermore, days to flower for
seed! ings recelving this treatment were statistically greater than those
of seedlings to which ethephon was applied to all four leaves plus the
bud. Days to flower and leaf nodes for seedlings recelving ethephon via
the roots were not significantly less than those of seedllIngs to which
ethephon was applied to all the leaves plus the bud or to leaf two.
Increased numbers of days to flower and leaf nodes per plant in test fwo
were attrlbuted to the extended daylength with supplemental lamps in the
greenhouse. In both tests of this and the other greenhouse experiments,
days to flower and leaf nodes were positively and highly correlated,
having correlation coefficients averaging approximately 0.97 (data not
presented). Thlg correlation Is not surprising since a delay in floral

Initiation permits initlation of additional leaves. Stem helghts at
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flowering, measured only in test two, closely paralleled the grouping of
treatment means for days to flower and number of leaf nodes at flowering
(Table 18).

These resuits Indicate that both the amount and the locallzation are
Important In the appllication of ethephon to flue~cured tobacco seedlings
for influence on flowering. Although these results cannot be used as
evidence for a speciflc mechanism of ethylene action In the delay of
floral Induction of tobacco seedlings, a basis for general speculation is
provided. Assuming that a flowering stimulus or signal Is synthesized in
the leaves and transported to the shoot apex (9,45), at least two
possibllities exist for the ethylene-induced delay of floral induction.
One, the signal is not sent, elther by Inhiblitlon of synthesis or by
Inhibltion of transport. Ethylene has been reported to restrict
transport of auxin (13,14,80). Second, ethylene prevents the processing
of the signal by the shoot apex, i.e., the apex Is rendered temporarily
unresponsive to the floral signal. Application of ethephon to tobacco
leaves clearly delayed floral Induction. Whether this was the result of
transport, presumably of ethephon (76,81), to the shoot apex with
subsequent reduction of apex responsiveness to the floral signal, or of
inhibitlon In the leaves of the synthesis and/or transport of the floral
signal cannot be determined from this study. However, application of
smal | quantities of ethephon to the bud region delayed floral Induction,
suggesting that the ethylene may have caused the shoot apex to become
temporarily unresponsive to the floral signal. This assumes that the

ethephon was not fransported baslipetally from the bud In significant
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quantities. The possibility cannot be excluded that basipetally
transported ethephon Inhibited the synthesis and/or transport of the
flowering stimulus. However, since ethephon applied to leaf four did not
affect flowering, baslpetal transport of ethephon would necessarily
extend below leaf four In order to Influence flowerlng.

If ethylene Inhiblted responsiveness of the shoot apex to the floral
signal, ethephon applied to the leaves or roots of seedlings could be
transported to the shoot apex and subsequent degradation of ethephon to
ethylene could cause the Inhibltion of responsiveness to the signal. A
flowering signal would require processing at the shoot apex, which would
require synthesis of new enzymes. Ethylene has been reported to Inhibit
DNA synthesis by reducing the activity of DNA polymerase (16). Syntheslis
of new enzymes would require DNA templates (28). A shoot apex to base
gradient was reported in the capacity of stem segments of a cigar tobacco
cultivar to produce flower primordia In yitro, and the segments that
formed 100% flower buds contained 10 times more DNA than the segments
that formed a lower percentage of flower buds (74).

Weekly changes in stem elongation were also measured. Stem
elongation for controls and seedlings itreated at leaf four were the
highest and were noT.slgnIfIcanle dl fferent (Table 19). Also, stem
elongation of seedlings treated at leaf two, all the leaves, and all
|eaves plus the bud was not significantly different and was generally
less than stem elongation of seedlings which recelved other treatments.
Stem elongation was general ly not different among seedlings treated In

the bud at the two concentrations of ethephon. These data, grouped by
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treatment, followed a similar pattern as the data for flowering

parameters (Tables 18 and 19).

Ethephon Growth Effect

In these tests, ethephon was applied to flue-cured tobacco seedlings
exposed for three weeks to controlled florally nonlinductive or Inductive
enviromments. Days to flower and number of leaf nodes per plant at
flowering were affected by the floral-response environment and ethephon
(Appendix Table 10). An environment X ethephon Interactlion was
signlficant In test two of the experiment.

In test one, ethephon applied to seedlings exposed to Inductive and
+o noninductive environments significantly Increased the number of |eaf
nodes per plant (Table 20). Numbers of leaf nodes of control seedlings
in the noninductive environment were greater than those of controls In
the Inductive environment. However, the ethephon-induced Increase In
number of nodes was of similar magnitude In each enviromment. The
ethephon-induced Increases in days to flower were not statistically
significant, but average days to flower for plants In the florally
inductive environment were significantly less than those for plants In
the noninductive environment.

In test two, days to flower and |eaf nodes were significantly
greater for control plants exposed to a florally noninductive compared to
Inductive environment (Table 20). However, days fto flower and leaf nodes
of ethephon treated plants exposed to a florally inductive environment
were not significantly different fram those of treated plants exposed to

a noninductive environment. Ethephon not only negated the effect of
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Table 20. Influence of ethephon applied to flue-cured tobacco seedlings
during 3-week exposure to controlled florally noninductive and
inductive environments. '

Test 1 Test 2
Florally Days Nodes Days Nodes Stem ht.
inductive to per to per at
environment Ethephon flower plant flower plant flowering
cm
No No 27.8 25.6 59.2 32.4 145.1
No Yes 31.2 30.4 66.7 34.5 141.5
Yes No 11.0 15.0 14.6 12.8 42.9
Yes Yes 17.4  20.0 72.0 35.0 131.6
LSD 7.1 4.4 9.4 2.0 62.2

Cv (%) 23.5 -14.0 12.9 5.0 39.1
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floral Inductlion, but actually increased days to fiower and nodes of
treated plants exposed to an Inductive enviromment compared to untreated
plants not exposed to a florally Inductlve environment. Stem heights at
flowering were not significantly different for control and treated plants
exposed to a noninductive environment and for treated plants exposed to a
florally inductive environment. However, stem height at flowering for
untreated plants exposed to an Inductive environment were significantly
less than those of plants recelving the other three freatments.

Ethephon did not decrease days to flower or number of |eaf nodes of
plants In elther environment (Table 20). Similar results were reported
by Kasperbauer in work with burley tobacco (43). In test two of this
study, days to flower and leaf nodes of treated plants were not different
when exposed to either environment and were significantly greater than
days and nodes of control plants exposed to a noninductive environment.
In contrast, days to flower and |eaf ngdes of freated plants exposed to
the florally Inductive environment In test one were significantly less
than those of treated plants exposed to a noninductive environment. In
this test, ethephon treatments were applled after 13 days exposure to the
respective environments, while treatments in test two were appiied eight
days after exposure to each environment. Floral induction In some of the
plants exposed to the florally inductive environment in test one had
apparently been completed before application of the ethephon treatments.
Therefore, the ethephon-Induced increase in |eaf nodes was no greater for
plants exposed to the Inductive compared to noninductive enviromment. In

test two, the ethephon treatments were applied before the completion of
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floral Induction and therefore the ethephon-induced increase in number of
leaf nodes per plant was of greater magnitude for plants exposed to the
Inductlve compared to noninductive enviromment. This explalns the
absence and presence of a significant enviromment x ethephon Interaction
In tests one and two, respectively (Appendix Table 10).

In general, the enviromment had a greater effect on stem elongation
during the three-week period than did ethephon (Appendix Tables 11 and
12). After subsequent transfer to the greenhouse, the ethephon treatment
general ly had a greater effect on stem elongation than did the
environment to which the plants were previously exposed.

When stem elongation was measured In the growth chambers for the
first three and 13 days after treatment In tests one and two,
respectively, the ethephon-induced decreases In elongation were not
signiflcant, but elongation of seedlings in the inductive environment was
significantly less than that of seedlings In the nonlnductive environment
(Tables 21 and 22). In test one, with seedlings still In the growth
chambers, stem elongation during the next flve days for treated seedlings
exposed to the Inductive environment was significantly less than that of
control seedlings In the same environment (Table 21). Stem elongation of
untreated and treated seedlings In the noninductive enviromment was not
different. This indicates that after an Initial lag In seedling response
to ethephon, the ethephon-Iinduced reduction in stem elongation was
greater In seedilngs growing under conditions unfavorable for rapid

growth.

After transfer of seedlings from the growth chambers to the
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Table 22. Influence, on stem elongation, of ethephon applied to
flue-cured tobacco seedlings during 3-week exposure to controlled
florally noninductive and inductive environments, Test 2.

Florally Stem elongation
inductive In growth chambers In greenhouse
environment  Ethephon 0-13* 13-17 17-24  24-26
mm/ period
No No 13.8 7.2 22.6 10.0
No Yes 10.7 5.2 22.0 8.8
Yes No 3.1 5.8 25.6 14.4
Yes Yes . 1.8 1.8 10.4 3.0
LSDO.OS 3.2 3.5 6.4 5.3
cV (%) 32.0 49.9 22.9 42.9

*posttreatment days in respective locations.
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greenhouse, elongation during the flrst week was not significantly
different among treatments (Table 21). During the next week, stem
elongation of ethephon treated seedlings exposed to the florally
Inductive environment was significantiy less than that of corresponding
control plants. Seedlings treated with ethephon in this enviromment were
stressed, first from low temperature and then from ethyliene, causing the
recovery of vegetative growth fo be delayed. In test two, differences in
stem elongation of control and treated seedlings exposed to an Inductive
environment was significant at all three measurement periods during the
first two weeks after transfer to the greenhouse (Table 22). Differences
In stem elongation of control and treated seedlings exposed to the
noninductive environment were not significant durlng this period.

Ethy lene~induced Inhibition of stem elongation In pea seedlings has
been attributed to a changed orlentation in the direction of deposition
of newly formed cellulose microbibrils (14,25,67). Thls could also
explaln the Inhibition of stem eiongation of ethephon treated fobacco
seedl ings. Elongation of cucumber hypocotyl sections appears to depend
on the cooperative actions of glbberellin and auxin (44), and since
ethylene has been reported to Interfere with auxin transport (14,80),
hormone Imbalance may also account for the ethephon-induced -inhibition of
stem elongation In tobacco seedlings.

Changes In total plant leaf areas following ethephon appllications
were not statistically significant for untreated compared to treated
plants exposed to noninductive or inductive environments (data not

presented). Thls suggests that stem elongation may be more directly



88

affected by ethylene than are leaf length and/or width.

Kasperbauer (43) studled +he flowering of burley tobacco treated
with ethephon, and hypothesized that delayed floral induction colncided
with suppressed growth. {in this study, differences In stem elongation
and number of leaf nodes were significant for control compared to treated
plants exposed to an Inductlve environment (Tables 20, 21, and 22).
However, seedling stem elongation was not significantiy different for
control and treated plants exposed to a florally noninductive environment
(Tables 21 and 22), but the differences in number of l|eaf nodes at
flowering were slignificant for these same plants (Table 20). This
suggests that statistical differences in stem elongation responses of
tobacco seedlings to ethephon may not necessarlily colncide with
statistical differences in number of leaf nodes at flowering. Growth
suppression apparently Is not required for an ethephon-delayed floral

Inductlion of tobacco seedl Ings.

Ethylene Quantification

Flue~cured tobacco seedlings exposed to a controlled fiorally
Inductive environment were treated with ethephon, and ethylene levels
from air samples of the headsbace of sealed flasks contalning dissected
plant parts were analyzed by gas chramatography at different times after
treatment. Since samples from unireated seed!lngs exposed to
noninductive or inductive environments contalned undetectable levels of
ethylene, only the data from the treated seedlings Is presented.

Two days after ethephon treatment In test one, amounts of ethylene
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evolved per gram of tissue fresh welght during the 24 h dark Incubation
perlod In sealed flasks in 28°C temperature were signlflicantly higher
from the buds and stems than from the roots, with an intermediate level
from the leaf discs (Table 23). Rates of ethyiene evolved from the plant
parts were not signlficantly different at subsequent measurements, except
for the measurements made on days 22 and 29 after treatment. Differences
were obtalned at these tIimes because the ethylene evolved from the buds
and leaf discs had decreased to undetectable levels as a result of low
weights of these sample parts and of the time course deciine in ethylene
evolved from all plant parts. Rates of ethylene released from ethephon-
treated tobacco tlssue were similar to rates observed In previous work
with ethylene treated tobacco leaf discs (6). Ethylene has also been
detected from leaf dlscs of tobacco plants not treated with ethephon or
ethylene (5,6,7).

In test two, samples were taken on days 11 and 18 after ethephon
treatment. Differences In rate of ethylene evolution were not
significant among plant parts on elther sampling day (Table 24). The
rates were higher than those from the same plant parts at simllar times
after treatment In test one (Tables 23 and 24). The reason for the
higher rates In the second test Is not apparent. Seedlings In both tests
recelved approximately the same amount of ethephon, and differences in
seedl Ing size at the time of treatment were not great. Treatments were
applied 14 and seven days after transfer to the Inductlon chamber in
tests one and two, respectively.

The general Information from the two tests Is consistent. Ethylene
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Table 24. Ethylene evolved from green tissues of different parts of
flue-cured tobacco seedlings at different times after treatment
with ethephon, Test 2.

Ethylene (nL g'lh'l) measured
on indicated posttreatment day*

Plant parts 11 18
Buds 3.1 0.8
Stems 2.1 1.2
Leaf discs 1.2 0.4
Roots : 3.0 1.8
LSDy g5 NS NS
Cv (%) 26.3 44.0

*Seed]l ings were in the growth chamber and greenhouse on days 11 and
18 respectively.
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was detected from ethephon-treated flue-cured tobacco seedlings but not
from untreated seedlings, and ethylene evolved from treated seedlings was
stl1] detectable In stems and roots 18 and 29 days after treatment (Table
23). Since ethephon was applied only to above-ground parts but was also
detected from the roots, ethephon was apparently transported to the
roots. The apparent transport of ethephon from the fruit to the roots of
tomato plants has been reported (81).

The possibll ity cannot be excluded that a compound other than
ethephon was the fransported entity (35). When radloactive ethephon was
applied to leaves of mature flue-cured tobacco plants, radicactivity was
not detected elsewhere in the plant (23). However, application of
ethephon to a single leaf of squash plants caused increased production of
ethylene from other parts of the plant (35).

Decomposition to ethylene of the ethephon applled to mature tobacco
plants was reported to be apparently completed by approximately four days
after treatment (22). |If this time course 6f ethephon breakdown Is
applicable for ethephon applied to tobacco seedlings, detection of
ethylene many days beyond day four after treatment (Tables 23 and 24)
suggests that ethylene fram ethephon decomposition had Induced the
blosynthesis of additional ethylene. Ethylene-induced biosynthesis of
ethylene has been reported for other plants (86), although not for mature
tobacco plants (63).

Ethylene detected at above-control levels in tobacco seedlings four
weeks after ethephon appllcation (Table 23) helps explain the proionged

inhibition of stem elongation (see Tables 21 and 22) and the abllity of
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ethephon to delay floral Induction even when applied Immediately prior to
the beginning of a three-week floral Induction period (Table 15). This
study suggests that ethylene continues to exert effects on tobacco plants

for an extended period of time after application of ethephon.



SUMMARY

Tobacco growers must plant cultivars ylelding high qual ity cured
leaf In order to consistently market a desirable product. Flue-cured 'NC
82' tobacco, the cultivar used In this study, produces |eaves which are
generally high In quailty (39,40). However, 'NC 82' is also susceptible
to premature flowering (39,40). Premature flowering results In increased
labor and production costs, a nonuniform crop, and potential yleld
reductions.

Results of this study show that ethephon applied to flue-cured
tobacco 'NC 82! seedlings prior to the complietion of floral induction
significantly decreased premature flowering and increased days to flower,
number of leaf nodes per plant at flowering, and yleld. Magnitude of the
ethephon-induced reduction In premature flowering was increased at two of
seven on-farm test locations when the protective plant bed covers were
removed two weeks compared to one week before fransplanting. This
interaction was observed for number of l|eaf nodes at one of seven
locations. Highest levels of premature flowering were related to lowest
average daily minimum temperatures during the pretranspiant period in on-
farm tests. In controlled environments, floral Induction In seedlings
was obtalned from a three-week exposure to 15°C temperature and 8 h .
daylength. Under field conditions, daylength will not vary significantly
during a three to four week pretransplant period. Photosynthetically
active radiation can vary considerably, and iow light levels were
reported to partially substitute for short days in floral Induction of

burley tobacco seedlings (40). Under amblent conditions, reduced [ight
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levels are often associated with perlods of |low temperatures.

Determination of the precise number of Inductive cycles required for
floral Induction of 'NC 82' seedlings was not an objective of this study.
However, a general Indication of the number of inductive cycles required
for floral Induction Is necessary In order to know when to apply ethephon
for control of premature flowering.

In controlled environments, induction was apparently compieted at a
point between 14 and 21 Inductive cycles. Ethephon applied after 0, 7,
or 14 Inductlve cycles slgn!flcanfly decreased premature flowering and
Increased the average numbers of days to flower and leaf nodes per plant
at flowering and yleld. However, application of ethephon after 21
Inductive cycles did not signlflcantly decrease premature flowering or
increase number of leaf nodes per plant or yleld. Under fleld
conditions, higher levels of premature flowering (51 compared to 1%) In
control plants Transp\anfed seven compared to three days after
application of ethephon were atiributed to Increased floral Induction as
a result of the additional four days exposure to the ambient environment.
Timing of the ethephon application Is therefore critical when the time of
completion of floral Induction is approached. The time at which
Inductlion Is completed under ambient envirommental conditions has not
been precisely characterized. In Thé ethephon/transplant date
exper iment, the cotton covers had been removed from the plant bed 14 and
18 days before the 3- and 7-day transplants, respectively, were
transplanted. Average dally minimum temperatures during the period from

cover removal untl| transplanting of the 3-day transplants was 8.6°cC.
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Average dally minimum temperature during the subsequent three-day
Interval between transplant dates was 17.3°C.

Timing of ethephon application was also investigated on the basis of
tobacco seedling s+age of development. Under a three-week controiled
florally inductive environment, numbers of days to flower and leaf nodes
per plant were Increased signiflicantly by application of ethephon to
seedl Ings averaging 1.5 cm stem height. Time of attainment of the 2.5 cm
treatment height In the florally Inductive environment was dependent on
size of the seedlIngs when transferred to the controlled environment.
When the 2.5 cm stem helght was reached before floral Induction had been
completed, response to ethephon application was similar to that for the
1.5 cm plants. In controlled environment experiments, fotal seedling
leaf area was characterized at the time of transfer to floral Induction
chambers. Seédllngs averaging 39 cm? total leaf area when transferred to
controlled florally Inductive environment for three weeks were florally
Induced to a similar degree as seedllngs averaging 74 cm? total leaf
area.

In the ethephon local ization experiment, both the on-plant site and
amount of ethephon application Influenced flowering. Ethephon applied to
the largest leaves significantly Increased numbers of days to flower and
leaf nodes per plant. Appllications of ethephon to senesced and newly
emerged (non-bud) leaves generally did not Increase these parameters for
flowering. Small amounts (0.03 to 0.09 mg) of ethephon applied to the
bud also Increased numbers of days to flower and leaf nodes per plant at

flowering. Furthermore, application of ethephon to the roots also
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Increased these flowering parameters. Transport of ethephon In a source
to sink pattern In the phloem Is postulated from these results. Similar
conclusions have been reported from studies using 14C-e1-hephon to
Investigate ethephon transport (24, 51, 76). Delayed flowering as a
result of ethephon applied to the bud suggests that ethylene, the
physiological ly active product of ethephon decompositlion, causes a
temporary Inhlbition of responsiveness of the shoot apex to the floral
stimulus [which Is presumably synthesized In the leaves and transported
t+o the shoot apex (9, 10)]. A general mode of action for ethyliene-
Induced delay of floral Induction of tobacco seedlings can be postulated.
A flowering signal would requlre processing at the shoot apex, which
would require synthesls of new enzymes. Ethylene has been reported to
inhibit DNA synthesls by reducing DNA polymerase actlvity (16).
Synthesis of new enzymes would require DNA templates (28). A shoot apex
t+o base gradlent was reported for the capacity of stem segments of a
cultlvar of clgar tobacco to produce flower primordia ln yliro (74);
segments that formed 100% flower buds contained 10 times more DNA than
segments that formed a lower percentage of flower buds.

In other experiments, ethephon-induced reductions in premature
flowering were not Increased by a second pretransplant appllication of
ethephon. Cured-leaf quality was reduced by multiple applications, and
yleld was reduced when the single pretransplant appl ication was
supplemented with a second application of ethephon 10 days after
transplanting. Furthermore, application of ethephon at rates of 81, 122,

or 244 mL m~2 of plant bed did not increase the number of leaf ncdes per



98

2 of plant bed.

plant beyond the level obtalned from 44 mL m
Additional experiments, conducted In the greenhouse and growth
chamber, Indicated that a 2.5 cm rain, which washed ethephon from tobacco

seed| Ings, within one to two hours after ethephon application decreased
the ethephon-induced Increases In numbers of days to flower and |l eaf
nodes per plant. Raln within 30 to 60 minutes after ethephon application
completely prevented ethephon from Influencing flowering.

Influence of ethephon on stem elongation of tobacco was also

examined. Ethephon applied to plant bed seedlings at the rate of 244 mL

mZ of plant bed temporarily suppressed stem elongation. Stem elongation

2

of plant bed seedlings treated at rates of 44, 81, or 122 mL m™“ was not

significantiy less than that of controls. However, for seedlings grown
In the greenhouse, ethephon applied at rates of 122 and 244 mL m=2
reduced stem elongation. Succulent, greenhouse-grown tobacco seed!| ings
may absorb ethephon more readily than do plant bed seed!ings. Reductions
In stem elongation were greater for seedlings grown In controlied
environments of 15°C temperature and 8 h daylength than in 25°C and 13.5
h daylengths. The ethephon-induced suppression of stem elongation was
compounded by an environment which did not promote rapid growth.
Application of approxlmafely 0.5 to 1.5 mg ethephon to the largest leaf,
all four leaves, and all four leaves plus the bud suppressed stem
elongation to a greater extent than 0.03 to 0.09 mg ethephon applied to
+he bud or 0.08 mg applled to the smal! leaf nearest the bud. This
apparentiy suggests that amount of ethephon applied influences stem

elongation of tobacco. Additional experiments, In which dlfferent
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amounts of ethephon are applled to the plant parts In a factorial
arrangement, are needed in order to reach conclusions on the influence of
on-plant application site on stem elongation. In all experiments,
suppression of stem elongation was temporary. Although differences in
stem elongation remalned significant up to three and four weeks after
treatment (In the ethephon volume and growth effect experiments), stem
heights at flowering were not different among treated plants. Delayed
floral Inductlon of burley tobacco seedlings by ethephon has been
postulated by Kasperbauer (43) to coincide with ethephon-induced
suppression of growth. In the ethephon growth effect study, differences
in both stem elongation and number of leaf nodes at flowering for coniroi
compared to ethephon-treated plants were significant for plants exposed
to a controlled florally Inductive enviromment. In contrast, dlfferences
In seedling stem elongation of control and ethephon-treated plants were
not significant for seedlings exposed to a noninductive environment.
However, differences in number of leaf nodes at flowering were
signiflcant for these plants. Statistical differences In stem elongation
of tobacco seedlings treated with ethephon do not necessarily coincide
with statistical differences in number of leaf nodes at flowering.
Growth subpresslon apparently is not required for an ethephon-induced
delay of floral Induction of ftobacco seedlings.

In a related experiment, flue-cured tobacco seedlings were tfreated
with ethephon during a three-week exposure fto a controlled fiorally
inductlve environment, and ethylene levels fram air samples of the

headspace of sealed fiasks containing dissected seedling parts were
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analyzed by gas chromatography at different days after treatment. Levels
of ethylene from control seedlings were undetectable. However, ethylene
from ethephon treated plants remalined detectable, although in decreasing
quant!ities over time, at 18 and 29 days after treatment In the two tests
of thls experiment. Thils Indicates that ethylene continued to act within
the plant for an extended period of time. Thls supports results from
other experiments in this study In which ethephon applied after 0, 7, or
14 days exposure to a controlled florally Inductive enviromment was
equal ly effective In reducing premature flowering and Increasing numbers
of days to flower and leaf nodes at flowering, and yleld. Detection of
ethylene for an extended perliod of time In ethephon-treated plants also

supports the suppression of stem elongation observed three to four weeks

after treatment.
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Appendix Table 3. Analysis of variance for five agronomic character-
istics of flue-cured tobacco grown at seven on-farm test locations,
1983.

Days Leaves

to per Premature Quality
Variance flower plant flowering Yield index
% kg ha~!
Source df Mean squares

Hawthorne location

Rep 2 0.3 0.1 18.8 139 687 4.1
Exposure 1 0.3 1.3 55.2 52 0.8
Ethephon 1 23.1+ 6.2%* 998.6* 1 344 2.1
Exp x Eth 1 0.2 2.9* 8.9 111 554 0.8
Error 6 0.7 0.3 116.7 25 855 3.9
May location
Rep 2 2.6 0.1 76.6 64 178 43.6
Exposure 1 8.8* 0.1 212.4* 27 648 60.8
Ethephon 1 18.7*%*%  31.1% 457.1%* 215 472 6.8
Exp x Eth 1 8.9* 2.1 208.3* 33 920 6.8
Error 6 1.5 1.0 35.1 258 761 13.3
Crews location
Rep 2 0.9 2.5 19.6 132 708 8.1
Exposure 1 3.8 3.2 77.3 127 21.3
Ethephon 1 0.1 1.5 12.4 104 347 1.3
Exp x Eth 1 0.1 7.0 4.2 12 352 16.3
Error 6 1.3 5.2 22.1 34 021 5.1
Scarce location
Rep 2 33.5*% 0.6 0.7 93 182 17.6
Exposure 1 4.4 0.2 25.6%* 1323 2.1
Ethephon 1 38:3* 1.6 28 .6%* 161 14.2
Exp x Eth 1 1.7 1.1 24.1 481 4.1
Error 6 4.1 0.5 1.4 34 827 18.6

*  *%x_ = Significant at the 0.05, 0.01, and 0.001 probability levels,
respectively.
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Appendix Table 4. Analysis of variance for five agronomic character-
istics of flue-cured tobacco grown at seven on-farm test locations,
1984.

Days Leaves
to . per Premature Quality
Variance flower plant flowering Yield index
% kg ha~t
Source df Mean squares
Hawthorne location
Rep 2 4.9 2.0 36.2 1 057 26.1
Exposure 1 7.2 0.2 328.7 3 924 18.8
Ethephon 1 29.1**  18.5%*  1140.8** 203 581** 0.1
Exp x Eth 1 4.0 1.3 137.4 13 804 2.1
Error 6 2.1 0.9 70.6 9 890 18.6
May location
Rep 2 1.9 2.6* 0.8 206 479 8.1
Exposure 1 0.1 0.4 1.3 98 827 0.3
Ethephon 1 5.6* 0.3 1.3 252 590 5.3
Exp x Eth 1 0.9 0.1 0.9 954 27.0
Error 6 1.0 0.3 1.1 125 140 13.3
Guthrie location
Rep 2 0.2 2.1 9.2 1 161 14.1
Exposure 1 0.1 0.1 1.4 61 0.1
Ethephon 1 1.4 0.1 23.2 25 117 14.1
Exp x Eth 1 0.1 0.8 2.2 61 2.1
Error 6 2.2 0.2 7.8 20 394 3.8

* %% Significant at the 0.05 and 0.01 probability levels,
respectively.
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Appendix Table 5. Dates when indicated management tasks were performed
at on-farm test locations, 1983-84.

Seeding Cover removal Transplant
Location date datesl date
Hawthorne ’'83 1 March 1 & 8 May 18 May
May '83 10 March 16 & 23 May 30 May
Crews '83 4 March 4 & 11 May 26 May
Scarce '83 23 March 19 & 25 May 1 June
Hawthorne '84 8 March 2 & 9 May 15 May
May '84 18 February 23 & 30 April 5 May
Guthrie '84 23 March 8 & 15 May 23 May?

1Ethephon applied on second cover removal date.

2

Actual dates were May 22 and 25; May 23 is the average.
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Appendix Table 6. Analysis of variance for weekly rates of stem
elongatjon of posttransplant flue-cured tobacco NC 82 plants trans-
planted 3 and 7 days after treatment with ethephon at 5 rates.

Posttransplant period of stem elongation

Variance Week 1  Week 2  Week 3 Week 4 Week 5
Source df Mean squares
Reps 2 0.66 11.96** 51.38+ 88.60**  92.93
Transplant day 1 10.19**  0.87 3.49 16.64 6.86
Ethephon rate 4 1.89 3.62 16.16**  40.26* 19.32
TD X ER 4 0.38 0.80 2.74 18.75 21.09
Error 18 0.96 1.32 3.52 13.69 31.50

* %%+ Significant at the 0.05, 0.01, and 0.001 probability levels
respectively.
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Appendix Table 8. Mean daily minimum temperatures recorded at the
Virginia Tech Southern Pjedmont Center in 1984 during certain
weeks in relation to on-station field tests.*

Week Temperature
°C
7-13 May 12.2
14-20 May 9.9
21-27 May 17.8
28 May - 3 June 13.6
4-10 June 19.4
11-17 June 20.3
18-24 June 20.2

*Plant bed covers removed 7 May; transplant dates were 21 and
25 May.
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Appendix Table 9. Average daily minimum temperatures immediately
following three weeks exposure of tobacco seedlings to a controlled
florally inductive environment in growth chamber ethephon timing
experiment.

Pretransplant Posttransplant environment
Experiment no. 1In Tath house (1 week) Week 1 Week 2 Week 3 Week 4
°C °C
1 13.7 13.6 10.5 12.5 17.6

2 16.2 13.6 21.4 20.8 17.9
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Appendix Table 10. Analysis of variance for effects of ethephon
applied to flue-cured tobacco seedlings during exposure to
controlled florally noninductive and inductive environments.

Test 1 Test 2
Days to  Nodes per Days to Nodes per

Variance f1ower plant flower plant
Source df Mean squares
Reps 4 18.8 15.1 115.6 6.3
Environment (Env) 1 1170.5+ 551.3+ 2655.5+ 585.8+t
Ethephon (Eth) 1 120.1* 120.1%* 5088.1+ 732.1%
Env x Eth 1 11.3 0.1 2385.7+ 375.2+
Error 12 26.5 10.2 46.4 2.0

* %%+ Significant at the 0.05, 0.01, and 0.0001 probability levels,
respectively.
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Appendix Table 12. Analysis of variance for weekly stem elongation of
flue-cured tobacco seedlings treated with ethephon during exposure
to controlled florally noninductive and inductive environments,

Test 2.

Posttreatment days

In growth chambers In greenhouse

Variance 0-13 13-17 17-24  24-26
Source df Mean squares
Reps 4 0.1 0.7 0.6 14.2
Environment (Env) 1 2.8+ 1.8* 1.9 0.6
Ethephon (Eth) 1 0.2* 2.8* 6.4%* 49 ,6%*
Env X Eth 1 0.1 0.3 5.4%% 23, 5%*
Error 12 0.1 0.4 0.4 3.8

* %%+ Significant at the 0.05, 0.01, and 0.001 probability levels,
respectively.
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