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At the breaking point:
developmental and
molecular insights into
Physalis grisea fruit abscission
Elise Tomaszewski1,2, Nathan Reem2†, Eric Tismark Boham3,
Victoria Swiler4 and Joyce Van Eck1,2*

1Section of Plant Breeding and Genetics, Cornell University, Ithaca, NY, United States, 2Boyce Thompson
Institute, Ithaca, NY, United States, 3Regeneron Pharmaceuticals, Rensselaer, NY, United States, 4Plant and
Microbial Biosciences Program, Washington University in St. Louis, St. Louis, MO, United States
Fruit abscission is an agronomically important trait that would bene�t from a
deeper molecular understanding. Despite a prominent, deleterious, fruit drop
phenotype, fruit abscission has yet to be characterized in Physalis grisea
(groundcherry). Here we established a stage-resolved timeline of P. grisea
pedicel abscission zone (AZ) development to expand the general knowledge of
fruit abscission. We integrated microscopic imaging of the AZ, hormone (auxin
and ethylene) applications, detachment force measurements, and gene
expression analysis of AZ cells across maturation to connect the role of
putative regulators to cell development and separation. A strong correlation
between AZ development, hormone sensitivity, and force detachment was
observed. RNA-seq showed upregulation of pathways involved in cell division/
expansion early in AZ development, hormone signaling and transcriptional
reprogramming at the middle stage, and cell wall degradation and protective
barrier genes late in the abscission process. Furthermore, MADS-box transcription
factors such as the P. grisea orthologs of JOINTLESS and MACROCALYX are co-
expressed during AZ differentiation, suggesting involvement in the formation of
AZ cells. These results provide a molecular and cellular framework for P. grisea
fruit abscission, suggesting that key regulatory features of fruit abscission are
shared within the Solanaceae. Characterization of fruit abscission in P. grisea is
essential for understanding this trait to guide improvements needed for its
adoption as a specialty crop in the United States.

KEYWORDS

abscission, abscission zone, auxin, ethylene, fruit drop, groundcherry, Solanaceae,
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1 Introduction

Fruit abscission, or fruit drop, is de�ned as the shedding of fruit from a plant and is both
an ecologically and agriculturally important process. Some plant species have evolved fruit
abscission mechanisms as a means for seed dispersal (Osborne and Morgan, 1989; Estornell
et al., 2013). In parallel, abscission helps to maintain an optimal carbon balance to ensure
proper fruit development and ripening, which occurs in tree fruit such as citrus, apple, litchi,
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and macadamia (Sanz et al., 1987; Yuan and Huang, 1988; Lordan
et al., 2019; Yang and Xiang, 2022).

Among the species that exhibit fruit abscission, it generally
occurs in four main stages (Figure 1). First, an abscission zone (AZ)
develops across the organ of detachment, characterized by a region
of small, cytoplasmically dense cells. Second, these cells become
responsive, or competent, to endogenous and exogenous signals
that trigger abscission. This is followed by lignin deposition on the
proximal region of the AZ and an upregulation of cell wall
degrading enzymes, resulting in dissolution of the middle lamella
within the AZ. Finally, a protective cuticle barrier forms on the side
of the AZ that remains upon detachment of the organ. Importantly,
while these steps appear distinct, they can vary from species to
species and likely overlap during abscission.

Early fruit abscission research focused on the role of plant
hormones, such as ethylene and abscisic acid, which were shown to
induce and accelerate abscission in different species, while auxin
and gibberellic acid delayed the process (Addicott et al., 1955;
Brown, 1997; Eo and Lee, 2009; Xie et al., 2013; Botton and
Ruperti, 2019). It has also been shown that both biotic and
abiotic stress can in�uence fruit abscission (Addicott, 1968). For
example, low light levels, drought, and insect predation are known
to induce fruit abscission (McMichael et al., 1973; Stephenson,
1981; Byers et al., 1991; Benda et al., 2009; Li et al., 2021). Not
surprisingly, fruit abscission is a complex process controlled by the
interplay between genetics and environmental factors.
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Fruit trees provide the most recognizable example of fruit drop,
yet this phenomenon is also present in herbaceous crops such as
cotton, tomato, and in an emerging non-woody model species,
Physalis grisea (groundcherry) (Dutt, 1928; Jensen and Valdovinos,
1967; Ito and Nakano, 2015; Dale et al., 2024), which exhibits a
pronounced abscission phenotype, often before the fruit is fully
ripe. P. grisea fruit are distinct with an in�ated calyx that surrounds
the developing berry (Figure 2). The husk and fruit are initially
green in color and then transition to yellow upon maturation. The
fruit is attached to the plant via a pedicel, which also undergoes
senescence upon fruit ripening. The pedicel is organized as three
distinct regions: 1) proximal zone, which does not change color and
remains connected to the stem upon separation, 2) abscission zone,
where separation occurs and is approximately 3 mm from the
pedicel/stem junction, and 3) distal pedicel, which detaches with the
fruit and senesces to a yellow color.

Despite having a nutritious, edible fruit, P. grisea is an
underutilized species native to North America, primarily grown
on small-scale farms across the United States and in home gardens
(Shenstone et al., 2020; Dale et al., 2024). Limited cultivation can be
attributed, in part, to a sprawling, dif�cult to manage growth habit,
but also to its persistent rate of fruit drop. This phenotype will
reduce pro�ts for growers of this crop due to the Food Safety
Modernization Act (FSMA), which prohibits farmers from
harvesting and selling dropped produce to reduce the risk of
foodborne illness outbreaks (21 CFR Part 112 – Standards for the
FIGURE 1

Schematic of the theorized stages of fruit abscission across development: 1) pedicel abscission zone (AZ) cell differentiation; 2) acquisition of
competence to endogenous/exogenous abscission promoting signals such as ethylene or abscisic acid; 3) proximal lignin deposition and AZ cell
separation via middle lamella degradation; 4) physical separation along the AZ and cuticle formation on the remaining proximal pedicel. Diagram is
not to scale and steps may temporally overlap.
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Growing, Harvesting, Packing, and Holding of Produce for Human
Consumption, 2015). Therefore, it is necessary to have a better
understanding of fruit abscission in P. grisea to mitigate this
physiological process for increased adoption and pro�tability of
the species on a larger scale.

Although there have been studies of abscission in several
species, the underlying genetic mechanisms that control the entire
process are still not fully understood. P. grisea, which has recently
developed resources including a reference genome and plant
bioengineering methods, serves as a new model species for
studying fruit abscission (He et al., 2023). The research presented
here leverages these resources for molecular and cellular
characterization of fruit abscission in P. grisea. In particular, we
investigated the connection between how the AZ: 1) matures on
macroscopic and microscopic levels, 2) responds to the application
of different hormones, and 3) undergoes transcriptional changes
across development. Results from this work will broaden
understanding of the molecular regulation of fruit drop, providing
strategies to modulate or eliminate this trait in P. grisea and
other species.
2 Materials and methods

2.1 Plant material and greenhouse
conditions

Physalis grisea line ZL05 seeds were sown in Sunshine® Mix
(Sun Gro Horticulture) and maintained in growth chambers with
16 h of light (T8 �uorescent bulbs, 175 mmol), at 23 °C and 60%
relative humidity until the 4-leaf stage followed by transfer to
10.2 cm (4 in) pots containing Sunshine® Mix. The seedlings
were transferred to a greenhouse with day and night temperatures
of 26 °C and 21 °C, respectively. Supplemental lighting
was provided when ambient PPFD fell below 350 µmol m-� s-� to
maintain a 14 h photoperiod (1000 W high pressure sodium lamps).
Plants were fertilized with liquid feed Peters Excel 15-5–15
Calcium-Magnesium Special (ICL) at a rate of 150 ppm 3 times
weekly. After 1 month, they were transplanted into 3.79 L (1 gallon)
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pots with Sunshine® Mix and remained under the same
greenhouse parameters.

2.2 Fruit development time series
experiment and microscopy

Five open �owers were tagged per plant with lightweight sewing
thread to reduce strain on the pedicels during growth. Two plants
were used per time point resulting in 10 pedicels embedded for each
time point. A Nikon D3500 camera was used for photos of pedicels
and fruit prior to embedding.

Paraf�n embedding was modi�ed from the protocol reported by
Strable and Satterlee (2021). Modi�cations included pedicels that
were collected into scintillation vials containing 5 mL of Formalin-
Aceto-Alcohol solution (FAA) that were maintained on ice. The
pedicels were vacuum in�ltrated on ice for 30 min followed by a
slow pressure release, and the process was repeated. Additionally,
pedicel samples were in�ltrated daily for 7 d in fresh Paraplast
Plus (Electron Microscopy Sciences). For the embedding process,
2–3 pedicels were added per mold (Electron Microscopy Sciences
Disposable Base Mold, 15 x 15 x 5 mm) and placed onto a heating
block set at 60 °C. After warming for 1 min, a small amount of
molten Paraplast Plus was added to the mold, covering the pedicels.
Using a needle �ash-warmed to 250 °C for 3 s, the pedicels were
moved into the correct orientation at the bottom of the mold. The
mold was carefully removed from the heating block for 15 s to start
solidi�cation. A cassette (Fisherbrand™ Histosette™ II Tissue
Processing/Embedding Cassettes with Separate Lid and Base) was
placed on top of the mold and additional molten Paraplast was
added to seal the 2 pieces together. The full cassette was moved to
ice for 5 min to rapidly solidify followed by storage at 4 °C
until processed.

Paraf�n blocks were trimmed using a razor blade to a parallelogram
shape and mounted onto a microtome �tted with a 0.3 mm microtome
blade (Fisherbrand™ Tissue Path™ High-Pro�le Microtome Blades) at
a cutting angle of 3 degrees. Sections (10-12 mM) were made, placed
into a 42 °C water bath for 5 min, and transferred to microscope slides
(VWR® VistaVision™ HistoBond® Premium Adhesion Slides). The
slides were placed on a 42 °C heating block for 15 min and transferred
to a 42 °C incubator for 1 d prior to clearing the sections.
FIGURE 2

Physalis grisea (groundcherry) fruit and pedicel morphology. (A) Diagram of an unripe fruit surrounded by a calyx with attachment to the plant by a
pedicel. Calyx is cut to show developing fruit inside. (B) Enlarged image of a ripe fruit surrounded by a calyx. The proximal pedicel remains green
upon fruit maturation; the distal pedicel simultaneously senesces with the calyx. The abscission zone connects these two regions.
frontiersin.org

https://doi.org/10.3389/fpls.2026.1733427
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Tomaszewski et al. 10.3389/fpls.2026.1733427
For staining with toluidine blue (Thermo Scienti�c Chemicals),
slides were cleared and treated according to (Strable et al., 2020).
Paraf�n-embedded pedicel sections were mounted on microscope
slides and deparaf�nized by 2, 10 min incubations in clean Histo-
Clear (National Diagnostics). Sections were rehydrated through a
graded ethanol series: twice in 100%, 5 min; 95%, 2 min; 70%, 2 min;
and 50%, 2 min; followed by a rinse in deionized water for 2 min.
Slides were �xed with Permount mounting medium (Fisher
Scienti�c) and overlain with coverslips. Slides were dried for 8 h
before observation and imaged with a Leica M205 Stereomicroscope.

2.3 Fruit detachment force measurement

Five Physalis grisea plants were used for data collection. For each
plant, 5 �owers per time point (0, 4, 11, 18, 25 DPA) were tagged across
a 1-month period to have fruit ready for collection within the same day.
Abscission force was measured using a digital force gauge �tted with a
hook attachment (VTSYIQI SF-2 digital force gauge; 2 N max load
[0.45 lb capacity]). Analyses were performed in R 4.3.3 (Angel Food
Cake). Data were restricted to genotype ZL05 and rows with missing
force values were removed. For each DPA we computed the number of
observations (n), mean force (N), standard deviation, and standard
error. To test whether detachment force differed across developmental
time points, we �rst �t a one-way ANOVA with DPA as a �xed factor.
Model assumptions were checked by a Shapiro–Wilk test of residuals
(normality) and Levene’s test (homogeneity of variance). If
assumptions were met, we used Tukey–Kramer pairwise
comparisons. If assumptions were violated, inference proceeded with
a Kruskal–Wallis test followed by Dunn’s post-hoc comparisons with
Holm adjustment for multiple testing. All tests were two-sided with a =
0.05. Boxplots were created of raw forces by DPA (median,
interquartile range, whiskers to 1.5×IQR; outliers as points).

2.4 Auxin and ethylene treatments

Six Physalis grisea plants were grown per treatment and
randomized within the greenhouse to avoid spatial effects. Five
open �owers were tagged per 2-month-old plant. After 2 weeks,
ethylene or auxin applications were applied, and fruit drop was
monitored daily Monday-Friday for 14 d. Each treatment was
conducted in 2 experimental replicates. For auxin treatments, fruit
were excised just above the husk using a sharp scalpel, leaving both
the distal and proximal pedicel attached to the plant. A 1% indole-3-
acetic acid (IAA; VWR, � 98%) solution in lanolin (VWR), or lanolin
alone as a control, was applied with a size 4 camel-hair paintbrush
(Charles Leonard, Inc.) to either the distal or proximal pedicel.
Detachment was recorded when the distal pedicel separated from
the proximal pedicel. For ethylene treatments, a solution of 2000 ppm
of ethephon (Qualli-Pro Ethephon 2SL) containing 2 drops of
Tween-20, or a control of water plus Tween-20, was applied to 14-
day old pedicels with the fruit still attached. The solution was applied
with a paintbrush twice to either the distal or proximal pedicel.
Detachment was recorded when the fruit separated from the plant.

Analyses were conducted in R 4.3.3. For each treatment and day
after application, we calculated the percentage of pedicels remaining
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attached and plotted mean – SE trajectories over time, with dotted
reference lines at pre-speci�ed evaluation days. To formally
compare detachment dynamics, daily counts of fruit remaining
were converted to fruit-level time-to-event data: the decrease in
counts between consecutive days de�ned the number of detachment
events assigned to that day, and fruit still attached at the �nal
observation were right-censored. Within each hormone, Kaplan–
Meier survival curves were estimated by treatment and pairwise log-
rank tests were used to compare treatments; p-values were adjusted
within hormone using Holm’s method for multiple comparisons.
Adjusted two-sided p-values (a = 0.05) are reported in
Supplementary Table 1.

2.5 RNA-seq analysis

Four bio-replicates of 3 growth stages were collected from wild-
type plants grown in the greenhouse under normal, unstressed
conditions. The stages were as follows:

• Early: pedicel AZ samples before �owering (no senescence).
• Mid: pedicel AZ samples after �owering (AZ senescence begins).
• Late: pedicel AZ samples prior to fruit abscission (AZ

senescence complete; pedicel and husk have begun senescing).

Total RNA was isolated from the abscission zone samples using
Trizol/chloroform extraction, cleaned up using an RNeasy kit
(Qiagen), and 2 mg of RNA per sample was used for reverse
transcription and ligation of barcode adaptors. After reverse
transcriptase and barcoding, samples were sent to Genewiz for
RNA-seq (one lane, paired-end reads). Read mapping and gene
expression analysis were performed at Polar Genomics. Raw RNA-
seq reads were processed to remove adaptors and low-quality
sequences using Trimmomatic (version 0.36) with default
parameters (Bolger et al., 2014). Cleaned reads shorter than 40 bp
were discarded. The remaining cleaned reads were aligned to the
ribosomal RNA database (Quast et al., 2013) using bowtie (version
1.1.2) (Langmead, 2010) allowing up to 3 mismatches, and those
aligned were discarded. The �nal high-quality cleaned reads were
aligned to the reference genome using HISAT2 (version 2.1.0) (Kim
et al., 2019). Based on the alignments, raw read counts for each gene
were calculated and normalized to fragments per kilobase of exon
model per million mapped fragments (FPKM).

All downstream analyses were run in R 4.3.3 (macOS). Key
packages/versions used in the below analyses include: DESeq2
1.42.1, ggplot2 3.5.2, pheatmap 1.0.13, EnhancedVolcano 1.20.0,
ggvenn 0.1.10, eulerr 7.0.2, maSigPro 1.74.0, clusterPro�ler 4.10.1,
enrichplot 1.22.0, GO.db 3.18.0, AnnotationDbi 1.64.1, DOSE
3.28.2, fgsea 1.28.0, kohonen 3.0.12, dplyr 1.1.4, readr 2.1.5, readxl
1.4.5, patchwork 1.2.0, ragg 1.3.2.

Principal component analysis (PCA) was performed on the
normalized expression values generated by the FPKM. Genes with
zero FPKM across all samples were excluded. PCA was computed with
prcomp in R on log2(FPKM + 1) values after centering and scaling, and
the �rst two components were plotted with ggplot2 (Wickham, 2016).
Samples were annotated by developmental stage (early, mid, late). To
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summarize replicate similarity, raw counts were transformed with
DESeq2’s variance-stabilizing transformation, VST (Love et al.,
2014), and pairwise Pearson correlation coef�cients (r) were
computed among all samples. Correlation matrices were visualized as
heatmaps with pheatmap (Kolde, 2025), with rows and columns
ordered by hierarchical clustering of 1–r. For each pairwise contrast,
volcano plots were generated with EnhancedVolcano (Blighe et al.,
2025) using log2 fold change on the x-axis and –log10(adjusted p) on
the y-axis. Points meeting padj < 0.05 and |log2FC| � 1 were
highlighted to show signi�cant genes (as described for
Supplementary Figure 3).

Differential expression was performed with DESeq2 using the
raw gene-level counts (design: stage with contrasts early vs mid,
early vs late, and mid vs late) using DESeq2. Genes with very low
counts were �ltered prior to testing. Signi�cance was de�ned as
Benjamini–Hochberg adjusted p < 0.05 and |log2FC| � 1, matching
thresholds reported in the Results. Binary DEG sets (signi�cant
“any”, “up”, and “down” per contrast) were constructed from
DESeq2 results. Overlaps across the three contrasts were
visualized with Venn diagrams using ggvenn (Yan, 2025).

To identify stage-enriched gene sets, DEGs were �rst analyzed and
classi�ed based on consistent directionality in the two pairwise contrasts
that de�ne a peak (or trough) at that stage. Within each stage-enriched
set, genes were ranked using a combined signi�cance score calculated as
the sum of –log10(adjusted p-value [FDR]) from the two de�ning
contrasts (e.g., early vs mid + early vs late for early-enriched genes). The
top 10 upregulated and downregulated genes and their putative
functional descriptions were compiled per stage. Representative genes
highlighted in the Results were selected from these top-ranked lists to
illustrate the dominant stage-speci�c functional themes observed in the
enrichment analyses. Expression patterns of the selected genes were
plotted as a heatmap with stage annotations and grouped by assigned
peak expression (Supplementary Figure 5).

Functional enrichment was assessed per contrast. For over-
representation analysis (ORA), the universe comprised all tested
genes with GO annotations de�ned using a custom P. grisea
TERM2GENE mapping �le; signi�cant up- and down-regulated
sets were analyzed with clusterPro�ler::enricher (Yu et al., 2012; Wu
et al., 2021) using Benjamini–Hochberg FDR control. For gene set
enrichment analysis (GSEA), all genes were pre-ranked by the
DESeq2 Wald statistic (sign-consistent with the contrast) and
analyzed with fgsea (Korotkevich et al., 2016) (default
permutation settings), reporting normalized enrichment scores
where positive values indicate enrichment in the �rst stage of the
contrast (as shown in Figure 3).

To capture stage-dependent co-expression patterns, the top
2,000 most variable DEGs (based on VST counts) were scaled per
gene (row z-scores) and clustered with maSigPro (Conesa et al.,
2006) into K = 8 expression pro�les. The resulting gene-by-sample
matrix (VST, row-scaled) was plotted as a clustered heatmap with
stage and cluster annotations. As GO term coverage was incomplete
for every gene in a cluster, functional enrichment was also assessed
using assigned gene descriptions. Gene descriptions were derived
from the closest matching tomato ortholog via nucleotide BLAST
(SolGenomics ITAG 2.40), providing functional annotation for all
genes in each cluster (Supplementary Data Sheet 3).
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The 86 P. grisea MADS-box transcription factors were extracted
from the expression matrix, averaged by stage, log-transformed as
needed, and row-scaled (z-scores). A self-organizing map was
trained with kohonen (Wehrens and Buydens, 2007) on these
gene pro�les using a 3×4 hexagonal grid, and node-level average
expression curves were plotted across early, mid, and late stages.
Gene-gene similarity to PgJ was further summarized with Pearson’s
r calculated on the three-point stage-means; genes with r � 0.90
were �agged as highly correlated and the corresponding tomato
ortholog was based on the lowest e-value score via nucleotide
sequence BLAST using SolGenomics Tomato Genome cDNA
(ITAG release 2.40) as the reference.
3 Results

3.1 Physalis grisea fruit and abscission zone
development

The earliest timepoint a fruit AZ was identi�able on P. grisea
pedicels was at the bud stage, however, it was more pronounced as
an indentation by 12 days post anthesis (DPA) (Figure 4). To
correlate macroscopic changes of the pedicel AZ and husk
maturation with microscopic cellular differentiation, fruit images
were taken every 3 days from bud to pedicel separation. Fruit
detached approximately 30 days post �owering. The calyx that
surrounds the developing fruit rapidly in�ated and darkened in
color between 3 and 9 DPA. Although there is variation in
individual pedicel thickness, it was apparent that the diameter
increased until 21 DPA. At approximately 21 DPA, senescence
was apparent on the distal pedicel, directly below the AZ creating a
distinct differentiation between the proximal and distal regions.
This senescence continued through 27 DPA, after which, the
beginning of pedicel separation at the AZ was visible (image not
shown). Between 27 and 30 DPA, the calyx rapidly matured to a
light-yellow color, and senescence extended farther down the distal
pedicel. After this maturation, the fruit detached from the plant
along the AZ while the proximal pedicel remained attached to
the plant.

To characterize the progression of AZ cells, microscopic images
were taken of longitudinally sectioned pedicels from the stages of
�ower bud to abscission (Supplementary Figure 1). The �rst
evidence of AZ cells was at the bud stage before anthesis, along
the abaxial pedicel but not through to the adaxial side (Figure 5).
The AZ appeared to span the entirety of the pedicel between 3 to 6
DPA (Supplementary Figure 1). Cell division and expansion of the
AZ continued until approximately 18 DPA and ranged from 6–10
cells wide at full maturity. At approximately 21 DPA, cell separation
was initiated, evident by larger intercellular spaces within the AZ.
Initially, cell separation appeared more severe in the abaxial side of
the AZ compared to the adaxial cells above the vasculature. AZ cells
were almost completely separated by 27 DPA, creating a ridge and
initiating detachment. It appeared that the AZ detached from the
outer cell layers toward the inner layers. Full detachment occurred
at roughly 30 DPA when the connecting vasculature separated.
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3.2 Physalis grisea fruit abscission force
measurements

To detect differences in the mechanical strength of the pedicel
over time, a digital force meter with a hook attachment (VTSYIQI)
was used to simulate a pulling force similar to what would be required
for fruit harvesting. The hook was placed around the pedicel toward
the calyx, and fruit were detached across 5 developmental stages
ranging from �owering to 25 DPA. The peak abscission force
(Newtons, N) was recorded for each fruit. The force necessary to
detach a fruit across development ranged from a mean minimum of
1.12 N at 0 DPA to a mean maximum of 3.25 N at 18 DPA (Figure 6).
The general pattern of abscission force increased from �owering until
approximately 18 DPA, and sharply decreased until fruit drop, which
would naturally occur at approximately 30 DPA. The �nal sampling
date had the greatest variance, likely due to the slight range in
detachment time post anthesis causing early fruit drop and
therefore less available fruit to be measured.

3.3 Applications of auxin and ethylene

To determine if auxin and ethylene have comparable effects on
P. grisea fruit abscission as in other species, exogenous applications
of both hormones were applied separately to each fruit. It is known
that endogenous auxin is transported basipetally from fruit through
Frontiers in Plant Science 06
the pedicel inhibiting abscission (Else et al., 2004; Zhao et al., 2024).
Disruption in this polar auxin �ow, either through a decrease in
carbohydrates or ethylene induced repression of auxin �ow, induces
abscission (Kühn et al., 2016). Therefore, to con�rm that auxin acts
in a similar manner in P. grisea, 14 DPA fruit were excised just
above the fruit/pedicel junction to remove the endogenous auxin
source, inducing an abscission response. Auxin treatments were
applied to either the distal or proximal side of each pedicel to
determine if the induced abscission response could be delayed or
halted. Conversely, because the fruit were not producing enough
endogenous ethylene by 14 DPA to induce abscission, they were not
detached for the ethylene treatments.

Pedicels treated both proximally and distally with auxin
remained on the plants longer than untreated controls; however,
abscission was further delayed when it was applied to the distal side
(Figure 7). The pedicels of controls that had fruit detached all
abscised by 4 days after treatment. However, for the proximal and
distal auxin treatments, 12.5% and 62% remained attached 14 days
post fruit excision, respectively. In contrast, there was an inverse
response when ethylene was applied to pedicels. Distal application
increased the rate of pedicel separation compared to proximal
application. Four days post application, 50% of the distally treated
and approximately 5% of the proximally treated pedicels detached
while the controls had not abscised. This trend continued until 9
days post treatment when the �rst control pedicels detached while
FIGURE 3

Progression of Physalis grisea pedicel and calyx development from bud to fruit drop at 30 days post anthesis (DPA). Red carrots indicate the location
of the pedicel abscission zone. All images are scaled to the same magni�cation where the scale bar is equal to 1 cm.
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