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CALIFORNIA CHERRY BOARD:  
2026-2027 RESEARCH PRIORITIES 

 
PRODUCTION RESEARCH PRIORITIES  

For the 2026-2027 fiscal year (FY), the California sweet cherry industry identified the following 

production-related challenges of greatest priority for addressment through intentionally designed 

research: 

• Pest Management with emphasis on management of spotted wing drosophila (SWD) 

• New chemistry 

• Timing of application 

• Tree Health with emphasis on pre- and postharvest disease biology and 
management, soilborne and canker diseases, and orchard replant diseases with 
emphasis on nematode management and alternatives to fumigations. 

• Variety and Rootstock Development and Evaluation 

• Evaluation of New Cherry Rootstocks 

• Dormancy 

• New chemistry 

• Pre- and Post-Harvest Fruit Quality 

• Firmness 

• Heat stress 

• New chemistry to improve and maintain fruit quality 

• Irrigation 

• Evapotranspiration 

• Efficient water usage as water supply costs increase in CA 

• Right amount/timing 

• New technology 

• Weed Management 

• Pre- and Post-Harvest Herbicide Application with emphasis on new 
technology 

• Invertebrate Control 

• Gophers 

• Ground squirrels 

 
POST HARVEST RESEARCH PRIORITIES  

For the 2026-2027 fiscal year (FY), the California sweet cherry industry identified the following post- 
harvest-related challenges of greatest priority for addressment through intentionally designed 
research: 

• Marketing/Sales  
• Implications of grocery store purchases on applications (i.e. pick-up) instead of in-

store 
• Consumer buying practices 
• Storage and handling in-store 
• Promotion of nutritional value 

• Consumer Preferences and quality including minimizing Defects, fruit quality attributes such 



   

 

as Brix, Acid content. 
• Minimum Maturity and Grade Standards 
• Crop management to match market demands. 
• Stem retention 
• Nutrition 

• Human health benefits 
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1 Project Overview

The main goal of this project is to assess the stem retention potential of two commercially im-
portant sweet cherry (Prunus avium L.) cultivars under different preharvest conditions. While
stem retention is a key factor influencing postharvest marketability and shelf-life, this study
focuses on preharvest factors that may influence this trait.

We evaluated two cultivars, ‘Coral Champagne’ and ‘Bing’, grown in three different commercial
orchard blocks. The trial tested two preharvest treatments, Apogee (a gibberellin biosynthesis
inhibitor) and Harvista (1-methylcyclopropene, 1-MCP), applied according to industry-relevant
practices.

Stem pull force was measured repeatedly across fruit development stages on the same trees,
capturing a range of maturities before commercial harvest. Fruit quality measurements (firm-
ness, soluble solids, titratable acidity, and color) began when fruit reached full red color (ap-
proximately 100% red), and were repeated at subsequent key maturity stages, mahogany and
commercial harvest. Samples from each block-treatment-cultivar combination were evaluated
the following day for stem retention and fruit quality attributes.

This work aims to help growers understand how cultivar choice, orchard conditions, and prehar-
vest treatments interact to influence stem retention potential, providing science-based guidance
for improving the visual quality and market value of California sweet cherries.

2 Research Objectives

The specific objectives of this research are:

1. Compare stem retention potential between cultivars
Quantify and compare stem pull force in ‘Coral Champagne’ and ‘Bing’ cherries across
fruit development to determine varietal differences in stem retention.

2. Assess the effect of preharvest treatments on stem retention
Evaluate the impact of Apogee and Harvista applications, relative to untreated controls,
on stem pull force and fruit quality in both cultivars.

3. Evaluate block-to-block variation in stem retention
Identify whether orchard differences (e.g., microclimate, management history) contribute
significantly to variation in stem retention.

3 Trial Setup

3.1 Orchard Locations and Bloom Dates

The trial was conducted during the 2025 growing season in three commercial sweet cherry
orchard blocks located near Linden, California. Table 1 presents the GPS coordinates for each
orchard block along with the bloom dates for each cultivar within those blocks.
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Block Cultivar Full Bloom Date (2025) Coordinates

1 Coral March 25 38.04629°N, 121.12092°W
Bing March 31

2 Coral March 23 38.02994°N, 121.12969°W
Bing March 25

3 Coral March 14 38.03981°N, 121.15731°W
Bing March 24

Table 1: Full bloom dates for ‘Coral Champagne’ and ‘Bing’ cherries at each block, with coordinates.

3.2 Tree Selection and Treatments

On April 23, 2025, ten trees per cultivar were selected and tagged at each block as control
trees, chosen for similar crop load, canopy size, and overall health.

Block 1: Harvista Treatment — Twelve additional ‘Coral Champagne’ trees were tagged
for preharvest Harvista (1-MCP) application:

• Four trees sprayed once at ∼50% color (May 3, 2025) — referred to as Early treatment

• Four trees sprayed once at ∼100% pink (May 10, 2025) — referred to as Late treatment

• Four trees sprayed at both timings — referred to as Double treatment

Block 3: Apogee Treatment—The grower regularly applies Apogee (gibberellin biosynthesis
inhibitor) to all trees but flagged six ‘Coral Champagne’ trees and four ‘Bing’ trees to not receive
Apogee for comparison.

3.3 Sampling Dates and Evaluations

Cherries were sampled across their development for each cultivar (Figure 1). On each sampling
date, ten cherries were collected from each tagged tree, from at least eight branches, selecting
fruit of similar maturity. Fruit quality measurements (firmness, °Brix, titratable acidity, and
color) were conducted only starting when fruit reached approximately 100% red color, and
repeated at mahogany and commercial harvest maturity stages. All sampled fruits were assigned
to the Dark Cherry Maturity Scale (Figure 2), allowing stem retention and fruit quality to
be analyzed across a color-based maturity spectrum.

‘Coral Champagne’

4/23 4/28 5/1 5/6 5/8 5/12 5/15 5/18

‘Bing’

4/28 5/1 5/6 5/8 5/12 5/22 5/26 5/28

Regular sampling

Fruit quality sampling
(100% red, mahogany,
commercial harvest)

Figure 1: Sampling schedule for ‘Coral Champagne’ and ‘Bing’ cherries in 2025. Dates with shaded
markers indicate fruit quality sampling at key maturity stages.
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4 Evaluation Methods

Samples were transported to the Mann Laboratory at UC Davis and stored overnight at 7.5◦C.
Evaluations were performed the following day. Tissue samples for Brix and TA analyses were
stored at −23◦C until testing.

4.1 Stem Removal Work

Stem retention was quantified as the total work required to remove the stem, expressed in
inch-pounds (in-lb). This value was calculated from the area under the force–distance curve
(gf·mm) recorded by the instrument and converted to in-lb.

Measurements were made using a TA-XT Texture Analyzer (Stable Micro Systems, Surrey,
UK) fitted with a modified funnel to hold the cherry upside down and a clamp to secure the
stem to the base. The instrument arm was moved upward to separate the stem from the fruit,
continuously recording force over the full distance of stem removal. From these force–distance
curves, the total work required to remove each stem (area under the curve) was calculated,
and the maximum force achieved during the pull was also recorded for each of the 10 cherries
sampled from every tree on each sampling date.

4.2 Fruit Quality

Fruit quality measurements were conducted on cherries when fruit reached approximately 100%
red color, and were repeated at mahogany and commercial harvest maturity stages. All fruits
were subsequently assigned to the Dark Cherry Maturity Scale (stages 1–10) based on skin
color. Firmness was measured on the same day as stem removal and photography. For each
sampled tree, all 10 cherries were depitted and combined into a single homogenized sample,
which was then frozen at −23◦C for later analysis of °Brix and titratable acidity (TA).

Juice used for °Brix/TA analyses was extracted from these frozen homogenates. °Brix was mea-
sured on undiluted juice, and TA was determined on diluted juice following °Brix measurement.
All measurements were linked to the corresponding maturity stage to allow analysis of fruit
quality across the color-based maturity scale.

4.2.1 Firmness

Firmness (in grams) was measured using a FirmTech II (BioWorks Inc., Cleveland, OH). Each
cherry was placed in the instrument to measure firmness individually before depitting for tissue
freezing.

4.2.2 Soluble Solids

Soluble solids, measure as °Brix, was determined using an Atago RX-5000i digital refractometer.
Frozen juice homogenates were thawed and °Brix was measured on the filtered, undiluted juice
prior to dilution for titratable acidity testing. The °Brix value represents the soluble solids
content, primarily consisting of sugars.

4.2.3 Titratable Acidity

Titratable Acidity (TA %) was measured after juice dilution following °Brix determination. A
mixture of 4 mL of juice and 20 mL of distilled water was titrated with standardized NaOH
using an automatic titrator until reaching a pH endpoint of 8.2. TA values are expressed as
percent citric acid equivalents.
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4.2.4 Sugar/Acid Ratio (°Brix:TA)

The ratio of soluble solids to titratable acidity (°Brix:TA) was calculated for each sample to
provide a combined measure of sweetness relative to acidity, which is a key indicator of fruit
flavor and eating quality. This ratio was analyzed across the Dark Cherry Maturity Scale to
evaluate how fruit taste characteristics change with increasing maturity.

4.3 Photography and Color-Based Maturity Analysis

Following stem pull testing, cherries were imaged using a Nikon DSLR camera under standard-
ized lighting conditions against a uniform white background. Camera settings, distance, and
orientation were held constant across all sampling dates to minimize variation in illumination
and color capture.

Prior to color analysis, all images were white-balanced to correct for variation in lighting condi-
tions across imaging sessions and to ensure color fidelity. White balancing establishes a reference
for neutral white in each image, allowing recorded pixel values to accurately represent true fruit
skin color as perceived by the human eye. Without this correction, color values would be system-
atically biased by illumination conditions. Background removal was performed using a custom
Python-based image-processing pipeline implemented with OpenCV. Images were converted to
the CIELAB color space, and pixels corresponding to the white background were identified us-
ing LAB thresholding and removed, leaving only fruit pixels. Background regions were replaced
with transparency, and a light Gaussian blur was applied to the transparency mask to smooth
fruit boundaries and reduce edge artifacts.

Each image contained cherries from two tagged trees and was automatically cropped into two
sub-images corresponding to individual trees. Within each cropped image, individual cherries
were identified using contour detection applied to the transparency channel. The ten largest
contours were retained and spatially ordered based on centroid position to ensure consistent
identification of the ten cherries sampled per tree. This approach enabled automated, repro-
ducible segmentation of individual fruits without manual selection.

For each cherry, all non-background pixels were extracted and converted to the CIELAB color
space. Mean values of lightness (L*), redness–greenness (a*), and yellowness–blueness (b*) were
calculated for each fruit. Chroma (C*) and hue angle (°) were subsequently derived from a* and
b* values. In addition, the proportion of red surface area was quantified by classifying pixels
based on hue angle relative to red (target hue of 10° with a ±40° tolerance), with minimum
chroma and lightness thresholds applied to exclude low-saturation or shadowed regions. Percent
red coverage was calculated as the fraction of red-classified pixels relative to total fruit surface
area.

To standardize cherry maturity based on skin color, k-means clustering was applied to the
combined dataset of individual-cherry color measurements using scaled L*, a*, and b* values.
All cherries were clustered simultaneously in an unsupervised manner, with the number of
clusters set to k = 10 to capture the full continuum of color development observed across
sampling dates. Principal component analysis (PCA) was used to visualize color-space structure
and assess separation among clusters. Clusters were subsequently ordered post hoc according
to the median sampling date of fruit within each cluster to establish a monotonic progression
in maturity.
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5 Summary of Results

5.1 Dark Cherry Maturity Scale

Unsupervised k-means clustering of individual-cherry CIELAB color measurements resulted in
ten distinct color groupings spanning the full range of skin color observed across the sampling
period, from green to dark mahogany fruit (Figure 2). Principal component analysis confirmed
clear separation among clusters in color space, indicating that clusters represented discrete and
biologically meaningful color states.

When clusters were ordered by the median sampling date of their constituent fruit, they formed a
consistent and monotonic progression corresponding to increasing maturity. Early clusters were
dominated by green and yellow fruit, intermediate clusters by progressively redder fruit, and late
clusters by fully red to dark mahogany fruit. The average color of each cluster was visualized to
create the Dark Cherry Maturity Scale, with Stage 1 representing the least mature (green)
fruit and Stage 10 representing the most mature (dark mahogany) fruit (Figure 2).

Green
0% Red

Yellow
0% Red

Mottled
<25% Red

Light Blush
<50% Red

Blush
>50% Red

Rose
100% Red

Ruby
100% Red

Light
Mahogany
100% Red

Mahogany
100% Red

Dark
Mahogany
100% Red

Bing

Coral

1 2 3 4 5 6 7 8 9 10
Maturity Stage

Dark Cherry Maturity Stages

Figure 2: Dark Cherry Maturity Scale derived from unsupervised k-means clustering of CIELAB color
values (n = 4884 cherries). Clusters were ordered post hoc based on median sampling date to represent
a progression from green (Stage 1) to dark mahogany (Stage 10) fruit.

Each individual cherry was assigned the maturity stage corresponding to its cluster member-
ship, and these color-derived stages were used as categorical maturity variables in subsequent
analyses. This scale provides a continuous and visually interpretable framework for evaluating
stem retention and fruit quality traits across the full spectrum of cherry maturity. By decou-
pling maturity from discrete sampling dates, the approach accounts for substantial within-date
and within-tree variability and enables quantitative comparisons across cultivars.

5.2 Summary of Results - Block 1

This section summarizes differences in stem retention and fruit quality attributes between the
two cultivars, ‘Coral Champagne’ and ‘Bing,’ across maturity stages within experimental block
1. While the primary focus was on characterizing ‘Coral’ by comparing it to ‘Bing’ at each
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stage using two-sample t-tests, we also assessed the effect of fruit maturity on stem retention
and quality traits within each cultivar. These within-cultivar comparisons were performed using
linear models followed by post hoc pairwise tests (emmeans with Tukey-adjusted CLD letters),
as shown in the tables below. Together, these analyses provide a baseline for interpreting
cultivar-specific differences and the influence of maturity stage on stem and fruit quality traits.

Cultivar Differences in Stem Retention - Block 1

Stem removal work differed significantly between cultivars across most maturity stages in exper-
imental block 1 (Figure 3, Table 2). At early maturity stages, ‘Bing’ fruit consistently required
greater work to remove the stem compared with ‘Coral’. At maturity stage 1, stem removal
work for ‘Bing’ averaged 0.396 in·lb, more than double that of ‘Coral’ (0.159 in·lb; p < 0.001).
This cultivar difference remained significant through stages 2–5, with ‘Bing’ exhibiting higher
stem removal work than ‘Coral’ (p ≤ 0.01).

As fruit maturity advanced, stem removal work decreased for both cultivars. At stage 6, no
significant difference in stem removal work was detected between cultivars (p = 0.14). How-
ever, from stages 7 through 10, cultivar differences re-emerged, with ‘Bing’ again requiring
significantly greater work to remove stems than ‘Coral’ (p < 0.001 at all stages). At the most
advanced maturity stage (stage 10), mean stem removal work was 0.058 in.lb for ‘Bing’ and
0.040 in·lb for ‘Coral’.

Overall, ‘Bing’ cherries exhibited higher stem removal work than ‘Coral’ across nearly all ma-
turity stages in block 1, indicating stronger stem–fruit attachment in ‘Bing’ throughout fruit
development.

0.0
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Figure 3: Relationship between fruit maturity stage and stem removal work for ‘Bing’ and ‘Coral’ sweet
cherries in experimental block 1. Stem removal work (in-lb) is plotted against maturity stage (1–10)
with separate y-axes for each cultivar. Points represent individual fruits from block 3 and are colored by
average CIELAB values for each maturity stage. Black diamonds indicate mean stem removal work per
stage, and solid lines show GAM fits showing decreasing stem removal work with advancing maturity.
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Table 2: Results of stem removal work (in-lb) for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental
block 1. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with
mean values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Stem Removal 1 0.396d 0.159f < 0.001 ***
Work (in.lb) 2 0.285c 0.139e < 0.001 ***

3 0.203b 0.118d < 0.001 ***
4 0.154b 0.110cd < 0.001 ***
5 0.119ab 0.093c < 0.01 **
6 0.101ab 0.070b 0.1396 ns
7 0.079a 0.059ab < 0.001 ***
8 0.075a 0.049a < 0.001 ***
9 0.066a 0.045a < 0.001 ***

10 0.058a 0.040a < 0.001 ***

Cultivar Differences in Fruit Quality Attributes - Block 1

Fruit quality traits differed between ‘Bing’ and ‘Coral’ cherries across maturity stages in exper-
imental block 1 (Table 3). Firmness showed variable cultivar effects across maturity. At stage
6, firmness did not differ significantly between cultivars; however, at stage 7, ‘Coral’ fruit were
significantly firmer than ‘Bing’ (382.27 vs. 345.21 g; p < 0.01). No cultivar differences were
detected at stages 8 or 10, while at stage 9, ‘Bing’ fruit were firmer than ‘Coral’ (370.99 vs.
349.02 g; p < 0.05).

Soluble solids concentration (°Brix) was consistently higher in ‘Bing’ than in ‘Coral’ across
all evaluated maturity stages. Differences were significant at every stage from 6 through 10
(p ≤ 0.01), with °Brix increasing with advancing maturity in both cultivars. At stage 10, ‘Bing’
fruit averaged 24.09 °Brix compared with 21.44 °Brix in ‘Coral’.

Titratable acidity (TA %) also differed between cultivars at most maturity stages. ‘Bing’ fruit
exhibited higher TA than ‘Coral’ at stages 6, 7, 9, and 10 (p ≤ 0.01), while no significant
difference was observed at stage 8. Notably, at the most advanced maturity stage, TA in ‘Bing’
(1.367%) was substantially higher than in ‘Coral’ (0.792%; p < 0.001).

The sugar-to-acid ratio (°Brix:TA) showed fewer consistent cultivar differences. No significant
differences were detected at stages 6 or 7. At stage 8, ‘Bing’ exhibited a higher sugar-to-acid
ratio than ‘Coral’ (p < 0.01), whereas at stage 10, ‘Coral’ had a markedly higher ratio than
‘Bing’ (27.15 vs. 17.93; p < 0.001). No cultivar difference was detected at stage 9.

Overall, ‘Bing’ fruit in block 1 were characterized by higher soluble solids and titratable acidity
across most maturity stages compared with ‘Coral’, while cultivar effects on firmness and sugar-
to-acid balance varied with maturity.
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Table 3: Results of fruit quality traits for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental block
1. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with mean
values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Firmness 6 390.93a 403.52b 0.7902 ns
(grams) 7 345.21a 382.27b < 0.01 **

8 353.27a 355.01a 0.8767 ns
9 370.99a 349.02a < 0.05 *

10 362.26a 342.82a 0.0648 ns

Soluble Solids 6 20.74ab 16.67a < 0.01 **
(°Brix) 7 20.82a 16.90a < 0.001 ***

8 21.71b 19.94b < 0.001 ***
9 22.88c 20.72c < 0.001 ***

10 24.09d 21.44d < 0.001 ***

Titratable Acidity 6 0.992a 0.788a < 0.001 ***
(TA %) 7 0.996a 0.797a < 0.001 ***

8 0.941a 0.920b 0.2287 ns
9 0.996a 0.915b < 0.01 **

10 1.367b 0.792a < 0.001 ***

Sugar/Acid Ratio 6 20.95abc 21.25a 0.7166 ns
(°Brix:TA) 7 20.94b 21.30a 0.1767 ns

8 23.20c 21.98ab < 0.01 **
9 23.56c 23.03b 0.284 ns

10 17.93a 27.15c < 0.001 ***

5.3 Summary of Results - Block 2

This section summarizes differences in stem retention and fruit quality attributes between the
two cultivars, ‘Coral Champagne’ and ‘Bing,’ across maturity stages within experimental block
2. While the primary focus was on characterizing ‘Coral’ by comparing it to ‘Bing’ at each
stage using two-sample t-tests, we also assessed the effect of fruit maturity on stem retention
and quality traits within each cultivar. These within-cultivar comparisons were performed using
linear models followed by post hoc pairwise tests (emmeans with Tukey-adjusted CLD letters),
as shown in the tables below. Together, these analyses provide a baseline for interpreting
cultivar-specific differences and the influence of maturity stage on stem and fruit quality traits.

Cultivar Differences in Stem Retention - Block 2

Stem removal work differed between ‘Bing’ and ‘Coral’ sweet cherry cultivars across several
maturity stages in experimental block 2 (Table 4). At the earliest maturity stage (stage 1),
‘Bing’ fruit required substantially greater work to remove the stem than ‘Coral’ (0.411 vs.
0.214 in.lb; p < 0.001). A significant cultivar difference was also observed at stage 2, with
higher stem removal work in ‘Bing’ compared with ‘Coral’ (0.260 vs. 0.212 in.lb; p < 0.01).

No significant differences in stem removal work were detected between cultivars at intermediate
maturity stages 3 and 4. At stage 5, ‘Bing’ again exhibited higher stem removal work than
‘Coral’ (0.158 vs. 0.109 in.lb; p < 0.05), while no cultivar difference was observed at stage 6.
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At more advanced maturity stages, cultivar effects became more pronounced. From stages
7 through 10, ‘Bing’ consistently required greater work to remove stems than ‘Coral’, with
differences significant at all stages (p ≤ 0.01). The largest differences were observed at stages 9
and 10, where stem removal work in ‘Bing’ exceeded that of ‘Coral’ by more than 40

Overall, stem removal work declined with increasing fruit maturity in both cultivars. However,
‘Bing’ cherries exhibited stronger stem–fruit attachment than ‘Coral’ across most maturity
stages in block 2, particularly at early and late stages of fruit development.

0.0

0.3

0.6

0.9

1 2 3 4 5 6 7 8 9 10
Maturity Stage

S
te

m
 R

em
ov

al
 W

or
k 

(in
−

lb
)

Stem Removal Across Stages
Control − Bing (Block 2)

0.0

0.2

0.4

1 2 3 4 5 6 7 8 9 10
Maturity Stage

S
te

m
 R

em
ov

al
 W

or
k 

(in
−

lb
)

Stem Removal Across Stages
Control − Coral (Block 2)

Figure 4: Relationship between fruit maturity stage and stem removal work for ‘Bing’ and ‘Coral’ sweet
cherries in experimental block 2. Stem removal work (in-lb) is plotted against maturity stage (1–10)
with separate y-axes for each cultivar. Points represent individual fruits from block 3 and are colored by
average CIELAB values for each maturity stage. Black diamonds indicate mean stem removal work per
stage, and solid lines show GAM fits showing decreasing stem removal work with advancing maturity.

Table 4: Results of stem removal work (in-lb) for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental
block 2. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with
mean values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Stem Removal 1 0.411d 0.214f < 0.001 ***
Work (in.lb) 2 0.260c 0.212f < 0.01 **

3 0.168b 0.158e 0.6176 ns
4 0.132ab 0.124d 0.4666 ns
5 0.158ab 0.109cd < 0.05 *
6 0.094ab 0.093bc 0.8598 ns
7 0.095a 0.079ab < 0.01 **
8 0.087a 0.065a < 0.01 **
9 0.081a 0.055a < 0.001 ***

10 0.085a 0.051a < 0.001 ***
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Cultivar Differences in Fruit Quality Attributes - Block 2

Fruit quality traits differed markedly between ‘Bing’ and ‘Coral’ sweet cherry cultivars across
maturity stages in experimental block 2 (Table 5). Fruit firmness showed increasing cultivar
separation with advancing maturity. No significant differences in firmness were detected at
stages 6 or 7. However, beginning at stage 8, ‘Bing’ fruit were significantly firmer than ‘Coral’,
with differences persisting through stages 9 and 10 (p < 0.001 at all stages). At stage 9, firmness
of ‘Bing’ averaged 407.85 g compared with 323.58 g in ‘Coral’.

Soluble solids concentration (°Brix) was consistently higher in ‘Bing’ than in ‘Coral’ across all
evaluated maturity stages. Cultivar differences were significant at every stage from 6 through 10
(p < 0.001). In both cultivars, °Brix increased with advancing maturity; however, ‘Bing’ fruit
maintained substantially higher soluble solids throughout development, reaching 25.15 °Brix at
stage 10 compared with 20.14 °Brix in ‘Coral’.

Titratable acidity (TA %) also differed significantly between cultivars at all maturity stages.
‘Bing’ fruit exhibited higher TA than ‘Coral’ from stages 6 through 10 (p < 0.001). The
magnitude of this difference increased at later maturity, with TA in ‘Bing’ reaching 1.274% at
stage 10 compared with 0.736% in ‘Coral’.

In contrast, the sugar-to-acid ratio (°Brix:TA) showed limited cultivar differentiation across most
maturity stages. No significant differences were detected between cultivars at stages 6 through
9. At the most advanced maturity stage (stage 10), however, ‘Coral’ exhibited a significantly
higher sugar-to-acid ratio than ‘Bing’ (27.65 vs. 20.08; p < 0.001).

Overall, ‘Bing’ cherries in block 2 were characterized by higher firmness, soluble solids concen-
tration, and titratable acidity across most maturity stages compared with ‘Coral’, while cultivar
differences in sugar-to-acid balance were evident only at the latest stage of fruit maturity.
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Table 5: Results of fruit quality traits for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental block
2. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with mean
values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Firmness 6 368.85ab 344.23ab 0.4418 ns
(grams) 7 368.66ab 342.50ab 0.1117 ns

8 366.76ab 324.03a < 0.001 ***
9 407.85b 323.58a < 0.001 ***

10 364.64a 316.62a < 0.001 ***

Soluble Solids 6 21.19a 15.92a < 0.001 ***
(°Brix) 7 21.08a 17.02b < 0.001 ***

8 21.87a 17.95c < 0.001 ***
9 23.35b 19.01d < 0.001 ***
10 25.15c 20.14e < 0.001 ***

Titratable Acidity 6 1.012a 0.761a < 0.001 ***
(TA %) 7 1.001a 0.827b < 0.001 ***

8 1.005a 0.824b < 0.001 ***
9 1.024a 0.805b < 0.001 ***
10 1.274b 0.736a < 0.001 ***

Sugar/Acid Ratio 6 20.97abc 20.98ab 0.9797 ns
(°Brix:TA) 7 21.13b 20.64a 0.0829 ns

8 21.83b 21.89b 0.8456 ns
9 23.08c 23.88c 0.0905 ns
10 20.08a 27.65d < 0.001 ***

5.4 Summary of Results - Block 3

This section summarizes differences in stem retention and fruit quality attributes between the
two cultivars, ‘Coral Champagne’ and ‘Bing,’ across maturity stages within experimental block
3. While the primary focus was on characterizing ‘Coral’ by comparing it to ‘Bing’ at each
stage using two-sample t-tests, we also assessed the effect of fruit maturity on stem retention
and quality traits within each cultivar. These within-cultivar comparisons were performed using
linear models followed by post hoc pairwise tests (emmeans with Tukey-adjusted CLD letters),
as shown in the tables below. Together, these analyses provide a baseline for interpreting
cultivar-specific differences and the influence of maturity stage on stem and fruit quality traits.

Cultivar Differences in Stem Retention - Block 3

Stem removal work differed significantly between ‘Bing’ and ‘Coral’ sweet cherry cultivars at
every evaluated maturity stage in experimental block 3 (Table 6). At the earliest maturity stage
(stage 1), ‘Bing’ fruit required greater work to remove the stem than ‘Coral’ (0.2751 vs. 0.1646
in.lb; p < 0.001). This pattern persisted across all subsequent maturity stages.

Across stages 2 through 10, stem removal work was consistently higher in ‘Bing’ compared
with ‘Coral’, with significant differences detected at each stage (p ≤ 0.01). Although stem
removal work declined with advancing maturity in both cultivars, the magnitude of the cultivar
difference remained evident throughout fruit development. At the most advanced maturity
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stage (stage 10), ‘Bing’ fruit required nearly twice the work to remove the stem compared with
‘Coral’ (0.0777 vs. 0.0441 in.lb; p < 0.001).

Overall, block 3 exhibited the most consistent cultivar separation in stem retention, with ‘Bing’
cherries demonstrating stronger stem–fruit attachment than ‘Coral’ across all maturity stages.
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Figure 5: Relationship between fruit maturity stage and stem removal work for ‘Bing’ and ‘Coral’ sweet
cherries in experimental block 3. Stem removal work (in-lb) is plotted against maturity stage (1–10)
with separate y-axes for each cultivar. Points represent individual fruits from block 3 and are colored by
average CIELAB values for each maturity stage. Black diamonds indicate mean stem removal work per
stage, and solid lines show GAM fits showing decreasing stem removal work with advancing maturity.

Table 6: Results of stem removal work (in-lb) for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental
block 3. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with
mean values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Stem Removal 1 0.2751e 0.1646f < 0.001 ***
Work (in.lb) 2 0.1978d 0.1306e < 0.001 ***

3 0.1755cd 0.1360e < 0.01 **
4 0.1460bc 0.1063d < 0.001 ***
5 0.1234ab 0.1023d < 0.01 **
6 0.1144abc 0.0817c < 0.001 ***
7 0.0846a 0.0660bc < 0.01 **
8 0.0876a 0.0559ab < 0.001 ***
9 0.0858a 0.0506ab < 0.001 ***

10 0.0777a 0.0441a < 0.001 ***
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Cultivar Differences in Fruit Quality Attributes - Block 3

Fruit quality traits differed significantly between ‘Bing’ and ‘Coral’ sweet cherry cultivars across
most maturity stages in experimental block 3 (Table 7). Fruit firmness exhibited maturity-
dependent cultivar differences. At stage 6, firmness did not differ significantly between cultivars
(p = 0.050). At stage 7, ‘Coral’ fruit were significantly firmer than ‘Bing’ (354.36 vs. 323.50
g; p < 0.05), while no cultivar difference was detected at stage 8. At later maturity stages,
firmness of ‘Bing’ exceeded that of ‘Coral’, with significant differences observed at stages 9 and
10 (p < 0.001 at both stages).

Soluble solids concentration (°Brix) was consistently higher in ‘Bing’ than in ‘Coral’ across
all evaluated maturity stages. Cultivar differences were significant from stages 6 through 10
(p ≤ 0.05), and °Brix increased with advancing maturity in both cultivars. At stage 10, ‘Bing’
fruit averaged 23.62 °Brix compared with 18.54 °Brix in ‘Coral’.

Titratable acidity (TA %) differed significantly between cultivars at all maturity stages. ‘Bing’
fruit exhibited higher TA than ‘Coral’ from stages 6 through 10 (p ≤ 0.01). The magnitude of
this difference increased at later maturity stages, with TA reaching 1.342% in ‘Bing’ compared
with 0.670% in ‘Coral’ at stage 10.

The sugar-to-acid ratio (°Brix:TA) also showed strong cultivar effects across maturity stages,
but in contrast to °Brix and TA individually, values were consistently higher in ‘Coral’ than in
‘Bing’. Differences were significant at all stages from 6 through 10 (p ≤ 0.01). At the most
advanced maturity stage, ‘Coral’ exhibited a substantially higher sugar-to-acid ratio (28.68)
than ‘Bing’ (18.04).

Overall, in block 3, ‘Bing’ cherries were characterized by higher soluble solids concentration and
titratable acidity, whereas ‘Coral’ fruit exhibited higher sugar-to-acid ratios across all maturity
stages, reflecting contrasting flavor balance between cultivars as fruit matured.
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Table 7: Results of fruit quality traits for ‘Bing’ and ‘Coral’ sweet cherry cultivars in experimental block
3. Between-cultivar differences at each maturity stage were assessed using two-sample t-tests, with mean
values, p-values, and significance levels reported (ns = not significant; * = p < 0.05; ** = p < 0.01;
*** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated using linear
models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters); stages sharing
the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Firmness 6 271.99ab 382.46d 0.0501 ns
(grams) 7 323.50a 354.36cd < 0.05 *

8 341.52ab 325.13bc 0.0802 ns
9 372.31b 313.15ab < 0.001 ***

10 367.92b 294.02a < 0.001 ***

Soluble Solids 6 18.10ab 14.78a < 0.05 *
(°Brix) 7 18.38a 15.36a < 0.001 ***

8 19.27b 17.12b < 0.001 ***
9 21.70c 17.18b < 0.001 ***
10 23.62d 18.54c < 0.001 ***

Titratable Acidity 6 1.002a 0.676ab < 0.01 **
(TA %) 7 0.993a 0.632a < 0.001 ***

8 0.987a 0.790c < 0.001 ***
9 0.993a 0.726bc < 0.001 ***
10 1.342b 0.670ab < 0.001 ***

Sugar/Acid Ratio 6 18.07ab 22.06a < 0.01 **
(°Brix:TA) 7 18.59ab 24.62b < 0.001 ***

8 19.62b 22.15a < 0.001 ***
9 21.94c 24.15b < 0.001 ***
10 18.04a 28.68c < 0.001 ***

5.5 Summary of Results - All Blocks

This section summarizes differences in stem retention and fruit quality traits between the two
cultivars, ‘Coral Champagne’ and ‘Bing,’ across all three experimental blocks. The primary
focus was on characterizing ‘Coral’ by comparing it to ‘Bing’ at each maturity stage using
two-sample t-tests. In addition, we evaluated the effect of fruit maturity on stem retention and
quality traits within each cultivar using linear models followed by post hoc pairwise comparisons
(emmeans with Tukey-adjusted CLD letters), as presented in the tables below. Together, these
analyses provide a comprehensive baseline for understanding cultivar-specific differences and
how stem and fruit quality traits change with developmental stage.

Cultivar Differences in Stem Retention - All Blocks

Analysis of stem removal work across all three experimental blocks revealed consistent differ-
ences between ‘Bing’ and ‘Coral’ sweet cherry cultivars at all maturity stages (Table 8). Across
early maturity stages, ‘Bing’ fruit required substantially more work to remove the stem than
‘Coral’. At stage 1, stem removal work for ‘Bing’ averaged 0.362 in.lb compared with 0.186
in.lb for ‘Coral’ (p < 0.001), and significant differences persisted through stages 2–5 (p < 0.001
for all).

At intermediate maturity (stage 6), ‘Bing’ still exhibited higher stem removal work than ‘Coral’
(0.105 vs. 0.083 in.lb; p < 0.01). From stage 7 onward, cultivar differences became more
pronounced again, with ‘Bing’ consistently requiring greater work to remove the stem at stages
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7–10 (p < 0.001 for all). At the most advanced maturity stage (stage 10), stem removal work
in ‘Bing’ was 0.074 in.lb compared with 0.044 in.lb in ‘Coral’, representing nearly a twofold
difference.

Overall, combining data from all blocks highlights that ‘Bing’ cherries exhibit stronger stem–fruit
attachment than ‘Coral’ throughout fruit development, with the largest relative differences ob-
served at the earliest and latest maturity stages. This cross-block analysis confirms the consis-
tent cultivar-specific pattern in stem retention identified within individual experimental blocks.
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Figure 6: Relationship between fruit maturity stage and stem removal work for ‘Bing’ and ‘Coral’ sweet
cherries. Stem removal work (in-lb) is plotted against maturity stage (1–10) with separate y-axes for
each cultivar. Points represent individual fruits from all three blocks and are colored by the average
CIELAB values for each maturity stage. Black diamonds indicate mean stem removal work per stage,
and solid lines show GAM fits illustrating decreasing stem removal work as maturity advances.

Table 8: Results of stem removal work (in-lb) for ‘Bing’ and ‘Coral’ sweet cherry cultivars across all three
experimental blocks. Between-cultivar differences at each maturity stage were assessed using two-sample
t-tests, with mean values, p-values, and significance levels reported (ns = not significant; * = p < 0.05;
** = p < 0.01; *** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated
using linear models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters);
stages sharing the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Stem Removal 1 0.362f 0.186g < 0.001 ***
Work (in.lb) 2 0.248e 0.162f < 0.001 ***

3 0.179d 0.134e < 0.001 ***
4 0.144cd 0.113d < 0.001 ***
5 0.128bc 0.101d < 0.001 ***
6 0.105abc 0.083c < 0.01 **
7 0.086ab 0.068b < 0.001 ***
8 0.082a 0.056ab < 0.001 ***
9 0.077a 0.049a < 0.001 ***
10 0.074a 0.044a < 0.001 ***
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Cultivar Differences in Fruit Quality Attributes - All Blocks

Firmness of sweet cherries varied with both cultivar and maturity across all blocks (Table 9).
At stages 6 and 7, firmness did not differ significantly between ‘Bing’ and ‘Coral’ (p > 0.05),
but beginning at stage 8, ‘Bing’ fruit were significantly firmer than ‘Coral’ (353.30 vs. 335.90
g; p < 0.01), with this difference increasing at later maturity stages. At stages 9 and 10, ‘Bing’
maintained higher firmness (384.80 and 365.05 g) compared with ‘Coral’ (330.08 and 313.14 g;
p < 0.001).

Soluble solids concentration (°Brix) was consistently higher in ‘Bing’ than in ‘Coral’ across all
maturity stages (p < 0.001 for stages 6–10), increasing with fruit maturity in both cultivars. By
stage 10, ‘Bing’ reached 24.31 °Brix compared with 19.73 °Brix in ‘Coral’, reflecting persistent
differences in sugar accumulation during fruit development.

Titratable acidity (TA %) was also higher in ‘Bing’ than in ‘Coral’ at all stages (p < 0.001). TA
declined slightly from early to mid-maturity stages but increased in ‘Bing’ at stage 10 (1.32%)
while remaining low in ‘Coral’ (0.72%), demonstrating that ‘Bing’ maintains higher acid levels
throughout development.

The sugar-to-acid ratio (°Brix:TA) showed a more complex pattern. At stages 6 and 7, ‘Coral’
exhibited slightly higher ratios than ‘Bing’ (stage 6: 21.42 vs. 20.38, p < 0.05; stage 7: 21.88
vs. 20.24, p < 0.001). At stage 8, ratios were similar between cultivars (p = 0.192). At stages 9
and 10, ‘Coral’ again exhibited higher sugar-to-acid ratios than ‘Bing’ (stage 9: 23.64 vs. 22.93,
p < 0.01; stage 10: 28.01 vs. 18.75, p < 0.001), indicating higher relative sweetness in ‘Coral’
at late maturity, despite lower absolute °Brix and TA.

Overall, across all experimental blocks, ‘Bing’ cherries were characterized by higher soluble solids
and titratable acidity at nearly all maturity stages, while firmness differences became apparent
only at later stages. Sugar-to-acid ratio showed a more nuanced pattern, with ‘Coral’ generally
higher at early and late maturity stages, reflecting greater relative sweetness compared with
acidity. These results highlight consistent cultivar differences in sugar and acid accumulation,
whereas firmness and sugar-to-acid balance were more strongly influenced by fruit maturity.

16



Table 9: Results of fruit quality traits for ‘Bing’ and ‘Coral’ sweet cherry cultivars across all three
experimental blocks. Between-cultivar differences at each maturity stage were assessed using two-sample
t-tests, with mean values, p-values, and significance levels reported (ns = not significant; * = p < 0.05;
** = p < 0.01; *** = p < 0.001). Within each cultivar, differences across maturity stages were evaluated
using linear models with post hoc pairwise comparisons (emmeans with Tukey-adjusted CLD letters);
stages sharing the same letter are not significantly different from one another.

Trait Stage Bing Coral p-value Significance

Firmness 6 356.84ab 371.81c 0.5261 ns
(grams) 7 345.47a 360.85c 0.0600 ns

8 353.30a 335.90b < 0.01 **
9 384.80b 330.08b < 0.001 ***

10 365.05a 313.14a < 0.001 ***

Soluble Solids 6 20.42ab 15.71a < 0.001 ***
(°Brix) 7 20.11a 16.56a < 0.001 ***

8 20.95b 18.50c < 0.001 ***
9 22.71c 19.06d < 0.001 ***
10 24.31d 19.73e < 0.001 ***

Titratable Acidity 6 1.00a 0.74ab < 0.001 ***
(TA %) 7 1.00a 0.77b < 0.001 ***

8 0.97a 0.85c < 0.001 ***
9 1.01a 0.82c < 0.001 ***
10 1.32b 0.72a < 0.001 ***

Sugar/Acid Ratio 6 20.38abc 21.42a < 0.05 *
(°Brix:TA) 7 20.24b 21.88 a < 0.001 ***

8 21.64c 21.99a 0.192 ns
9 22.93d 23.64b < 0.01 **
10 18.75a 28.01c < 0.001 ***

5.6 Summary of Results — Treatment Effects

5.6.1 Block 1 — Harvista Treatments (‘Coral Champagne’)

Comparison of stem removal work and fruit quality among three Harvista spray timings and an
untreated control in Block 1. Analyses were conducted at mahogany and commercial harvest
stages (mahogany + 2 days). See Table 10 and Figure 7 for a summary of treatment effects.
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Table 10: Effect of Harvista sprays on fruit traits of ‘Coral Champagne’ cherries sampled at mahogany
stage and commercial harvest (mahogany + 2 days) in Block 1. Harvista sprays were applied at 50% red
color (early), 100% red color (late), both 50% and 100% red color (double), or a no spray control. Mean
values are shown. Within each stage, letters indicate significant differences across the four treatments
determined by Tukey’s HSD (p < 0.05, n = 40 cherries).

Trait Stage Control Early Double Late p-value

Soluble Solids Mahogany 19.765a 19.380a 19.195a 19.120a 0.077
(°Brix) Commercial 21.255bc 20.568c 22.293a 21.565b < 0.001

Titratable Mahogany 0.958b 1.011a 0.677c 0.994a < 0.001
Acidity (%) Commercial 0.761c 1.005a 1.030a 0.899b < 0.001

Sugar/Acid Mahogany 20.635b 19.181c 28.346a 19.224c < 0.001
Ratio - Brix:TA Commercial 27.934a 20.457d 21.693c 24.019b < 0.001

Firmness (g) Mahogany 347.859a 348.317a 358.622a 337.699a 0.421
Commercial 347.505a 320.082a 333.674a 330.276a 0.094

Stem Removal Mahogany 0.0405b 0.0519ab 0.0577a 0.0529a 0.004
Work (in-lb) Commercial 0.0425a 0.0416ab 0.0329b 0.0376ab 0.032

Color Mahogany 59.209c 71.300ab 74.979a 67.531b < 0.001
Lightness Commercial 49.722ab 51.570a 46.898b 47.437ab 0.016

Color Mahogany 32.579c 42.760ab 45.297a 39.528b < 0.001
Chromaticity Commercial 21.587ab 24.565a 19.059b 19.579b 0.004

Color Mahogany 24.728b 27.653a 28.157a 26.740ab < 0.001
Hue° Commercial 26.803a 29.911a 41.937a 35.263a 0.076
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Figure 7: Effect of Harvista sprays on stem removal work (in-lb) when ‘Coral Champagne’ cherries were
sampled at mahogany stage and commercial harvest (mahogany + 2 days) in Block 1. Harvista sprays
were applied at 50 % red color (early), 100 % red color (late), or at both 50 % and 100 % red color
(double), and a no spray control was included. Each colored point represents an individual cherry. Black
points indicate median values. Letters indicate significant differences across the two stages and the four
treatments determined by Tukey’s HSD (p < 0.05, n = 40 cherries).
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5.6.2 Block 3 — Apogee Treatments (‘Coral Champagne’ and ‘Bing’)

Comparison of stem removal work and fruit quality among Apogee treatments and untreated
controls in Block 3. For each treatment, n = 40 cherries were evaluated for ‘Bing’ and n =
60 cherries for ‘Coral Champagne’. Analyses conducted at commercial harvest time. See
Table 11 and Figure 8 for a summary of treatment effects.

Table 11: Results of t-tests for each trait within each cultivar, comparing (+) Apogee to (-) Apogee.
Data are for ‘Bing’ (n = 40) and ‘Coral Champagne’ (n = 60) cherries sampled at commercial harvest
in Block 3. Significance: * p < 0.05, ** p < 0.01, *** p < 0.001, n.s. = not significant.

Trait Bing Coral Champagne p-value

(-) Apogee (+) Apogee (-) Apogee (+) Apogee

Soluble Solids
(°Brix)

24.86*** 23.83*** 16.78*** 18.27*** < 0.001 / < 0.001

Titratable
acidity (%)

1.03*** 1.49*** 0.61* 0.65* < 0.001 / 0.045

Sugar/Acid
Ratio - Brix:TA

24.19*** 15.98*** 27.64 n.s. 28.90 n.s. < 0.001 / 0.061

Firmness
(g)

357.73 n.s. 372.99 n.s. 313.84 n.s. 295.19 n.s. 0.350 / 0.119

Stem Removal
Work (in-lb)

0.083 n.s. 0.079 n.s. 0.063 n.s. 0.053 n.s. 0.381 / 0.056

Lightness 46.35 n.s. 45.47 n.s. 53.97*** 44.75*** 0.544 / < 0.001
Chromaticity 16.91 n.s. 14.82 n.s. 25.72*** 16.68*** 0.075 / < 0.001
Hue° 35.88 n.s. 47.86 n.s. 27.95*** 43.08*** 0.168 / 0.001
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Figure 8: Effect of applying Apogee on stem removal work (in-lb) when ‘Bing’ and ‘Coral Champagne’
cherries were sampled at commercial harvest in Block 3. Each colored point represents an individual
cherry. Black points indicate median values. There were no significant (n.s.) differences calculated
by t-test (p < 0.05) between treatments for each cultivar (n = 40 ‘Bing’ cherriers and n = 60 ‘Coral
Champagne’ cherries).
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6 Conclusions and Next Steps

Across all three experimental blocks within a single growing season, clear and consistent cultivar-
level differences in stem retention and fruit quality were observed between ‘Coral Champagne’
and ‘Bing’ sweet cherries. Analysis across blocks revealed that ‘Bing’ consistently required more
work to remove the stem than ‘Coral’ at nearly all maturity stages, confirming that weaker
stem retention is an inherent and repeatable trait of ‘Coral’. The largest relative differences
were evident at the earliest and latest stages of fruit maturity, providing a robust baseline
characterization of stem retention behavior for both cultivars across the full developmental
range.

Fruit quality traits also differed consistently by cultivar. ‘Bing’ cherries exhibited higher soluble
solids concentration and titratable acidity across nearly all maturity stages, while ‘Coral’ fruit
generally displayed higher sugar-to-acid ratios at early and late stages. Firmness differences were
more strongly maturity-dependent: ‘Bing’ tended to be firmer at later maturity stages, whereas
‘Coral’ was sometimes firmer at intermediate stages. These patterns highlight a fundamental
trade-off between stem retention strength and flavor balance that varies with both cultivar and
harvest timing.

Preharvest growth regulator treatments produced relatively modest and stage-dependent ef-
fects on stem retention. In Block 1, Harvista sprays affected stem removal work in a harvest
stage–specific manner. At the mahogany stage, the double application increased stem removal
work compared to the untreated control, indicating temporarily stronger stem retention. How-
ever, by commercial harvest, the double application reduced stem removal work below the
control, while other spray timings had intermediate effects. These results demonstrate that
Harvista’s influence on stem retention is sensitive to both application timing and fruit matu-
rity.

While effects on stem retention were limited, Harvista treatments had more pronounced and
consistent impacts on fruit quality. Soluble solids, titratable acidity, and sugar-to-acid ratio
responded to spray timing in a maturity-dependent manner, suggesting that treatment strategies
may more readily modify flavor attributes than stem retention. These observations indicate that
further optimization of timing, rate, or formulation will be necessary to achieve meaningful
improvements in stem retention without compromising eating quality.

Interpretation of treatment effects is limited by the experimental scope. All data were collected
during a single growing season, within a single production region in the San Joaquin Valley of
California, with blocks located in close proximity. Treatments were applied to only one block
each and involved fewer trees than the untreated controls. Consequently, conclusions regarding
treatment efficacy should be considered preliminary.

Future research should expand the study across multiple growing seasons to capture interannual
variability and include orchards in additional production regions, particularly cooler or coastal
environments. Evaluation of a broader range of preharvest and postharvest treatments, com-
bined with increased replication at the block and tree level, will improve the ability to detect
meaningful effects on stem retention. Continued data collection will also refine the Dark Cherry
Maturity Scale and support the development of cultivar-specific harvest recommendations that
balance stem retention with optimal fruit quality.
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