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Abstract. A series of field and greenhouse experiments was conducted with three cultivars of bell pepper (Capsicum
annuum L.) to determine the hormonal basis for flower bud and flower abscission as induced by low light intensity
(LLI). Imposition of 80% shade for 6 days increased abscission of reproductive structures by 38% and resulted in
an increase in bud ethylene production. Concomitantly, bud reducing sugars and sucrose decreased and these were
negatively correlated with ethylene levels and those of its precursor, ACC. Infusion of ACC into the pedicel resulted
in flower bud abscission within 48 hr. The results indicate that ethylene is the primary causal agent of pepper flower
bud abscission. Production of auxin by the bud plays a role in prevention of abscission. The abscission of disbudded
pedicels was prevented by infusion of NAA. Although the three cultivars had similar responses to ACC, they differed
in the amount of abscission under stress, bud sugar levels, and the time of onset of ACC and ethylene production,
Chemical names used: 1-aminocyclopropane-l-carboxylic acid (ACC); a-napthaleneacetic acid (NAA); (2-chloroethyl)phosphonic acid (ethephon).

The loss of flower buds and flowers is a major problem in
the production of bell peppers in regions of variable summer
temperatures, such as the northeastern United States, and tropical areas (AVRDC, 1986; Minges and Warholic, 1973). The
principal environmental factor causing reproductive structure
abscission is high temperatures (Cochran, 1936; Dorland and
Went, 1947; Rylski and Spigelman, 1982). Other stresses, such
as lack of moisture (Cochran, 1936) and low light intensity
(Park and Jeong, 1976), can exacerbate the situation.
Although the mechanism of abscission of plant parts has been
studied most extensively with leaves (Beyer and Morgan, 1973;
Morgan, 1984), reproductive structure abscission has many similarities (Hanisch ten Cate et al., 1975). The general model
suggests that, during active growth, auxin diffuses down the
petiole or pedicel and prevents the separation of cells in the
abscission layer. Abscission occurs when auxin level declines
in the abscission zone and the levels of senescence-promoting
hormones, such as ethylene and abscisic acid, increase. These
further decrease auxin level and induce the separation of cells
in the abscission layer, leading to abscission.
Several species have been investigated to elucidate hormonal
control mechanisms of reproductive structure abscission (Guinn
and Brummett, 1988; Hanisch ten Cate, 1975). Evidence for
some species suggests that reproductive structure abscission is
mediated by ethylene (Thaxton et al, 1988; Van Meeteren and
Proft, 1982). Several workers have induced abscission of pepper
buds, flowers, and fruits with ethylene gas or ethylene-releasing
compounds, such as ethephon (Batal and Granberry, 1982;
Beaudry and Kays, 1988). The present work was conducted to
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scission of bell pepper induced by LLI stress, and to determine
if auxin plays a role in flower bud retention.
Materials and methods
Plant culture. A series of field and greenhouse tests was
conducted in Davis, Calif, and Ithaca, N.Y. Seeds were sown
in a peat-vermiculite artificial soil mix in Todd Planter flats of
80 ml individual cell volume. In Davis, flats were placed in a
growth chamber set at 25C day/night and 15-hr photoperiod for
the first 3 weeks after sowing. Thereafter, they were grown in
a greenhouse at 30/16C day/night for an additional 3 to 5 weeks
before transplanting to the field (Expt. 1), or to 4-liter plastic
pots (Expts. 2-4). In Ithaca, seedlings grew in a greenhouse set
at 27/21C. Pots in Davis were filled with a sterilized sand-soilpeat mix (equal proportions), while, in Ithaca, an artificial peatvermiculite mix was used. In all four experiments, the three bell
pepper cultivars Ace, Lady Bell, and Shamrock, known from
previous experiments to be resistant, and moderately and very
susceptible to heat stress-induced abscission, respectively, were
used (Wien et al., 1988). Typically, plants were 71 to 84 days
old in the greenhouse studies (Expts. 2-4), when treatments
began. The greenhouse at Davis was controlled at 28/17C day/
night during the experiments.
Experiment 1 investigated the effect of a 1-week exposure to
80% shade on abscission of the three cultivars growing in the
field at Davis. Three plantings of similarly aged plants were
made into a Yolo silt loam soil, on 1, 8 , and 15 May. Plants
were set at 30-cm in-row spacings in double rows spaced 50
cm apart on raised beds. Each bed was 102 cm wide across the
top with 183 cm total width. Ammonium sulfate fertilizer was
banded 10 cm deep in the center of the bed at a rate of 67 kg
N/ha. Furrow irrigation was applied at weekly intervals.
Wind protection was provided by double rows of sweet corn,
planted 2 weeks before the peppers, in the outside guard rows
of the plots and in the middle of the experimental area. The
sweet corn beds were bordered by unplanted beds to avoid shading of the peppers by the corn.
Plants were defruited at 2-week intervals until the start of the
shading treatments. The shade structures consisted of polyethylene shade fabric excluding 80% of visible light, draped over
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semicircular frames made of plastic-coated 1-cm-diameter steel
rods. The tunnels thus formed were 70 cm high and 100 cm
wide at the base, and spanned the double rows. Plots were 7.9
m long. Each planting included one shaded and one unshaded
plot per cultivar, arranged randomly. Individual plantings were
unreplicated because of the time required for ACC sample
analysis. The 6-day shading treatments were applied at 68, 68,
and 76 days after transplanting for plantings 1, 2, and 3, respectively. Temperatures were monitored in one shaded and one
unshaded plot using calibrated Ryan Model K bimetallic strip
portable thermographs. These were set inside open-ended styrofoam boxes. Additional temperature records were obtained
from a weather station located 200 m from the field.
Ethylene and ACC analysis. Buds with pedicels were removed at 2, 4, and 6 days after the start of shading. Five samples of five buds each per plot were taken at 8:00 a m , each
placed in a 10-ml Erlenmeyer flask that then was closed with a
rubber serum cap. Samples were transported in a styrofoam
cooler to the laboratory and, by 8:30 a m , flushed with air for
1 min and incubated for 1 hr at 22C. Ethylene was determined
from a 1-ml gas sample injected into a gas chromatograph with
flame ionization detector and an alumina column. For determination of ACC, buds were extracted three times for 15 min
with 4 ml of 80% ethanol. The combined extracts were evaporated to dryness in vacuo, the residue resuspended in 2 ml
water, and decolorized with 0.5 ml of chloroform. The ACC
content of the aqueous extract was determined by chemical conversion of ethylene according to the method of Lizada and Yang
(1979).
Sugar analysis. Sugar analysis of the flower buds from day
6 of plantings 2 and 3 was carried out on the remnant aqueous
extracts from ACC analysis. The extract samples were stored
at ~5C, with a drop of chloroform added to prevent microbial
growth until sugar analysis. Samples were then brought to room
temperature, filtered through a 0.45-p.m membrane to remove
particulates, and a 20-jjl I aliquot injected into an HPLC. The
HPLC system consisted of a Brownlee Labs Amino Spheri-5
precolumn, a Supelcosil LC-NH2 column, and a Knauer differential refractometer (No. 88). The mobile phase was 75 acetonitrile : 25 water (v/v) with a flow rate of 1.8 ml per min.
The detector signal was recorded with a Hewlett-Packard Model
3390A integrator.
Estimates of reproductive structure abscission were made in
the field plantings 8 days after shade removal, on four plants
per plot not previously sampled. The youngest four nodes of all
major, actively growing branches were examined for presence
of buds, flowers, or abscission scars, and an abscission percentage was calculated. Typically, plants had from four to 10
major branches at time of sampling.
Statistical analysis of bud abscission and ethylene and ACC
values on day 6 was made treating each planting as a replication
in a randomized complete block experiment.
Experiment 2 was conducted in the greenhouse at Davis to
confirm the role of ethylene in flower bud abscission. After
removal of all open flowers and young fruits, three large flower
buds per plant (~ 3 days before anthesis), located on flower
nodes 1 to 3, were provided with two-stranded cotton embroidery thread wicks that pierced the pedicel 5 to 10 mm above
the point of pedicel attachment (Fig. 1). The other end of the
wick was dipped into a microcentrifuge tube filled with an appropriate solution and attached to the node with a piece of copper wire. Solutions being tested were water and 1, 5, and 10
|u im of ACC. The growth regulator infusion technique was sug982

Fig. 1. Infusion of growth regulator solutions into pepper bud pedicel
using a cotton thread wick dipped in a microcentrifuge tube.

gested by M.L. Brenner (personal communication). There were
four plants per cultivar per treatment, with three tubes per plant.
The tubes were kept filled, and abscission of flowers and buds
was checked twice daily. All flowers were pollinated at anthesis. The experiment was conducted three times, twice in Davis
and once in Ithaca, but, since results were similar, only one of
the Davis experiments will be reported here. Percent abscission
data were transformed by arcsin, and the experiment analyzed
as a completely random design with factorial arrangement of
treatments.
Experiment 3 arose out of a chance observation in Davis that
disbudded pedicels abscise by 2 days after bud or flower removal. To determine if there are cultivar differences in rate of
pedicel abscission, 13, 14, and nine plants, respectively, of
‘Ace’, ‘Lady BelP, and ‘Shamrock’ were disbudded, leaving
pedicel stubs ~10 mm in length. Four to six buds per plant
were removed, and pedicels observed twice daily for signs of
abscission.
Experiment 4 determined if abscission of disbudded pedicels
could be prevented by infusion of the synthetic auxin NAA (at
0, 10, 33, 66, or 100 nmol) in to the pedicel using the wick
system. There were four plants per treatment and three disbudded pedicels per plant. Wicks consisted of five cotton threads,
covered by tygon capillary tube to prevent evaporation of the
solution where the wick was exposed to air. Buds 3 to 5 days
before anthesis were removed, leaving a 10- to 15-mm-long stub
into which the wick was inserted 5 to 7 mm from the base.
Abscission was determined twice daily for the 2-week duration
of the experiment. Statistical analysis of the data was performed
after arcsin transformation. The experiment had a completely
random design with factorial arrangement of treatments. The
trial was conducted a second time at Ithaca in Feb. 1987, but,
since the results were similar to the Davis trial, only the Davis
trial results will be given here.
J. Amer. Soc. Hort. Sei. 114(6):981—985.
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Results
Although abscission at the upper four nodes was increased
from 32% to 44% by shade, "Shamrock’ showed a larger increase than "Lady Bell’ or ‘Ace’, resulting in a significant shade
x cultivar interaction (Table 1). The greater abscission paralleled higher ethylene levels evolved from buds taken from shaded
plants on day 6 . Again, ‘Shamrock’ responded more than did
‘Lady Bell’ or ‘Ace’. During the first 4 days of LLI stress,
ethylene production by the buds was low, and not significantly
different from unshaded buds (Fig. 2). ‘Shamrock’ LLI-stressed
buds already showed some tendency toward increased ethylene
production by day 4. Although ethylene levels produced by the
buds were paralleled by concentrations in the bud of the ethylene
precursor ACC, variability in ACC was high. There was a significant positive correlation (r = 0.65) between ACC concentration and evolved ethylene (Fig. 3).
Table 1. Effect of 6 days of 80% shade on reproductive structure
abscission at four upper nodes of three pepper cultivars grown in
three field plantings, and the ethylene evolved and ACC produced
by detached flower buds sampled on day 6 after the start of shade.
Day/night air ranges were 34/13C and 33/18C for open and shaded
plots, respectively.

Cultivar
Shamrock
Lady Bell
Ace

Abscission ( % ) 7
Open
Shade
45
24
27

SEMW=

70
36
28
6

c ,h 4
(n l-g -'-h r-1)5'
Open
Shade

ACC
(nmol-g-1)*
Open
Shade

0.289
0.134
0.091

0.192
0.184
0.232

1.046
0.415
0.083
SEMW= 0.087

0.880
0.342
0.169

7Cultivar x shade interaction significant at P - 0.05.
yCultivar x shade interaction for ethylene evolved significant at P =
0. 01.
xNo statistically significant differences in ACC means.
wStandard error of mean (10 df) based on error mean square from the
analysis of variance.

TIME, DAYS

Fig. 2. Time course of ethylene evolution by flower buds of two
pepper cultivars as influenced by imposition of 80% shade (Expt.
1 ).
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Fig. 3. The relation between pepper flower bud ACC level and ethylene evolved by buds from shaded and unshaded plants after 6 days
of 80% shade (Expt. 1).

Bud sugar levels measured on day 6 of shade showed significant declines in glucose, fructose, and sucrose in the shaded
plants, with the decrease being more marked for the abscissionsusceptible ‘Shamrock’ than for the other two cultivars (Table
2). There was a consistent negative correlation between ethylene
or ACC produced by the buds and their sucrose, reducing sugar,
or total sugar contents in planting 3 (Table 3). Similar calculations made for day 6 of planting 2 showed very little significant correlation between bud ethylene or ACC and any of the
sugars. Mean sucrose, reducing, and total sugar levels for shaded
‘Shamrock’ buds were 0.041%, 0.13%, and 0.17%, respectively, in planting 2, compared to 0.029%, 0.087%, and 0.11%
for planting 3.
Air maxima and minima in unshaded plots during the shading
period were 32 and 12C, and 37 and 13C for plantings 2 and
3, respectively. Under the shade canopies, maximum temperatures were 1C lower, but minima were 4C higher than in the
open.
In Expt. 2, ACC infusion into the pedicel was very effective
in causing abscission. Abscission for ‘Ace’, ‘Lady Bell’, and
‘Shamrock’ had reached 58%, 8 %, and 0% (58% vs. 8 % and
0%, significant at P - 0.01), respectively, by 7 days following
treatment with 1 jimol of ACC. Abscission was absent at O
fxmol and 100% at 5 or 10 jxmol for all cultivars. Among the
latter, abscission already was visible within 24 hr after treatments were applied, and was completed by 48 hr.
Removal of the flower bud in Expt. 3 also resulted in rapid
abscission of the remaining pedicel (Table 4). For both ‘Lady
Bell’ and ‘Shamrock’, virtually all pedicels were shed within
36 hr; abscission of ‘Ace’ pedicels was slightly slower, and
13% were retained for >10 days. There was no abscission of
intact buds of any cultivar for the duration of the experiment.
Abscission of disbudded pedicels was completely prevented
by infusion of NAA at 100 nM (Table 5). Lower concentrations
were progressively less effective in increasing retention, and the
water-treated controls showed similar cultivar differences as in
Expt. 3 (Table 4). Although ‘Shamrock’ appeared to require a
higher concentration of NAA to prevent abscission than ‘Ace’,
the interaction with NAA concentration was not significant statistically.
983

Table 2. Effect of 6 days of 80% shade on reducing sugar and sucrose levels in buds
of three pepper cultivars. Data are means of five samples from day 6 of the third
planting.

Cultivar
Ace

Treatment
Control
Shaded
Control
Shaded
Control
Shaded

Lady Bell
Shamrock

Sugar concentration (ixg-g- 1 fresh wt)z
Fructose
Glucose
Sucrose
Total
1310 ± 70 1130 ± 70 730 ± 60
3160 ± 160
760 ± 60
520 ± 60 620 ± 40
1900 ± 140
1490 ± 70 1230 ± 30 780 ± 60
3490 ± 120
770 ± 60
650 ± 50 560 ± 60
1980 ± 140
1480 ± 60 1190 ± 40 740 ± 50
3410 ± 60
470 ± 50
400 ± 40 290 ± 30
1150 ± 60

zMean ± s e .

Table 3. Correlation coefficients for relation between ACC content
or ethylene evolved by flower buds of three pepper cultivars and
their sucrose, reducing sugar, or total sugar contents on day 6 of the
shade treatment in plantings 2 and 3.
Sugars (%)
Compound

Sucrose

Planting 2
ACC (nmol-g-1)
Ethylene (n l-g -^ h r-1)
Planting 3
ACC (nmol-g-1)
Ethylene (nl-g-^hr-1)
ns

Reducing

Total

Correlation coefficient (r)
—0.33NS
-0 .4 2 *

- 0 .0 5 NS
- 0 . 1 1 NS

—0 . 1 2 NS
- 0 .1 6 NS

-0 .6 7 * *
- 0 . 6 8 **

-0 .5 4 * *
-0 .5 5 * *

-0 .5 9 * *
-0 .6 0 * *

Table 4. Effect of bud removal on time to abscission of the pedicel,
and percent pedicel retention for three pepper cultivars. Up to six
pedicels were disbudded per plant, from nodes 1 to 3.

Ace
Lady Bell
Shamrock

Total
buds
(no.)

Time to
abscission (hr)z

Buds
retained
(%)z*y

54
60
46

54 ± 27
36 ± 0
36 ± 2

13 ± 19
4 ± 11
0
± 0

zMean ± s e .
yPercent retention >10 days after bud removal.

Discussion
Exposing bell pepper plants to 6 days of 80% shade under
field conditions significantly increased abscission of flower buds
and flowers (Table 1). That ethylene may be involved in this
abscission is indicated by the significant increases in ethylene
evolution by buds from shaded plants (Table 1). Elevated ethylene levels have been linked to increases in flower bud and
flower abscission in diverse species, such as tomato (Roberts et
al., 1984), cotton (Guinn, 1976), hibiscus (Thaxton et al., 1988),
and Lilium (Van Meeteren and Proft, 1982). Further support for
the role of ethylene as a causal agent of pepper bud abscission
comes from the rapid abscission response obtained with the
infusion of the ethylene precursor ACC into the pedicel. In
addition, rapid bud and flower abscission resulted from exposure of pepper plants to low concentrations of ethylene gas or
ethephon sprays (Beaudry and Kays, 1988).
Both ethylene production rates and ACC levels measured in
our experiments in pepper buds were relatively low, compared
984

NAA
(nmol)
0
1 0

33
67

Abscission (%)z-y
83
39
17
8

1 0 0

, *>**Nonsignificant or significant a tP = 0.05 or 0.01, respectively.

Cultivar

Table 5. Effect of NAA concentration and cultivar on abscission of
disbudded pepper pedicels. NAA was supplied through cotton thread
wicks from glass vial reservoirs. Three buds per plant were treated,
with four plants per treatment.

Cultivar5"
Ace
Lady Bell
Shamrock

0

15 a
25 ab
48 b

zAfter 7 days of treatment.
yRelation between NAA concentration and abscission:
y = 46.6 - 1 9 .8 logx n = 15, r = -0 .8 5 * * .
xMean followed by different letters differ at P = 0.05, as determined

by hsd values of the arcsin-transformed data.

to levels in tissue such as stems of waterlogged tomato (Bradford and Yang, 1980), and etiolated mungbean hypocotyls or
excised orange fruit albedo stimulated to produce wound ethylene (Yu and Yang, 1980). The positive correlation between
ACC and ethylene on day 6 of the shade period (Fig. 2) indicates
that ethylene production under LLI stress may be controlled by
regulating synthesis of ACC (Adams and Yang, 1979). This
result requires confirmation given the variation in ethylene and
ACC values, and lack of significant differences in ACC content
between treatments (Table 1). Evidence from various plants (Yang
and Hoffman, 1984; Yu and Yang, 1980) indicates that stress
increases the activity of ACC synthase, stimulating the conversion of S-adenosylmethionine to ACC.
The negative correlations between bud sugar levels in flower
buds and bud ethylene and ACC levels in planting 3, but not
planting 2 (Table 3), are similar to Guinn’s results with cotton
(G uinn, 1976). W hen plants w ere subjected to low light or high
night temperatures, sugar levels in young bolls dropped and
ethylene evolution increased, resulting in significant negative
correlations during and after, but not before, the stress period.
In planting 3, bud sugar levels may have been reduced to critical
levels by a combination of LLI stress and high day temperature.
In all plantings, the 4C warmer minimum temperatures of shaded
plots could have contributed to the LLI stress. We speculate
that low assimilate levels stimulate ethylene production, but we
do not know the biochemical mechanism involved.
J. Amer. Soc. Hort. Sci. 114(6):981-985.
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Control of pedicel abscission by infusion of NAA into the
pedicel stub indicates that the widely accepted model for the
hormonal mechanism of leaf abscission may also hold for pepper flowers (Beyer and Morgan, 1971; Morgan, 1984). According to the model, movement of auxin from the bud to the
abscission zone of the pedicel normally prevents abscission.
With bud removal, the auxin flow is stopped, allowing ethylene
buildup and abscission to take place. The slower abscission rate
of ‘Ace’ than of other pedicels, and the retention of some pedicels for more than 10 days (Tables 4 and 5), may indicate
production of auxin by the pedicels themselves. Cochran (1936)
provided indirect evidence for this theory when he found that
pedicels would abscise more quickly if some of the pedicel was
removed along with the young fruit, than if a long pedicel remained. The results with NAA treatment suggest that NAA
should be effective in preventing stress-induced abscission of
pepper flower buds and flowers, as is the case in tomato (Mann
and Minges, 1949). However, Silveira and Taborda (1986) have
been unsuccessful in improving fruitset with NAA treatment of
pepper flower buds or flowers.
‘Shamrock’ consistently showed more abscission than ‘Ace’
in these (Table 1) and previous experiments (Wien et al., 1988).
The physiological basis for this increased susceptibility appears
to be an earlier rise in ethylene production by ‘Shamrock’ buds
after the onset of LLI (Fig. 2). Sampling of carbohydrate levels
was too infrequent to determine if this increase in ethylene was
preceded by a significant drop in bud sugars. We therefore do
not know if LLI-stressed ‘Shamrock’ has a lower photosynthetic
rate, or a lower rate of translocation of assimilate to the buds
than shaded ‘Ace’. Differences in both characteristics between
tomato cultivars contributed to differences in tolerance to heat
stress (Dinar et al., 1983; Dinar and Rudich, 1985). ‘Shamrock’
was slightly more resistant than ‘Ace’ to abscission by low rates
of ACC infused into the pedicel, indicating that the sensitivity
of the abscission zone to ethylene was not higher for ‘Shamrock.’ However, when low concentrations of ethephon were
sprayed on pepper plants just before flowering, bud abscission
was more severe in ‘Shamrock’ than in ‘Lady Bell’ or ‘Ace’
(Tripp and Wien, 1989). Hanisch ten Cate and Bruinsma (1973)
similarly noted cultivar differences in Begonia bud abscission
with ethephon. The physiological basis for the difference in
cultivar response to ACC and ethephon remains to be explained.
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