
 

Blueberry Fruit Set, Development and Ripening

Overview

Blueberries are a major crop for the state of Georgia, generating about $449 million in farm gate
value (Farm Gate Value Report, 2024). The main types of blueberries cultivated in the state are
southern highbush (Vaccinium corymbosum interspecific hybrids) and rabbiteye (Vaccinium
virgatum). The blueberry season in Georgia typically starts in late March with the harvest of
southern highbush berries and finishes in July with the harvest of rabbiteye blueberries.

Blueberry fruit set, development, and ripening are influenced by external and internal factors.
These include adverse weather conditions, poor pollination, and varietal genetic makeup—all
playing an important role from bloom to fruit set and throughout the fruit ripening process. The
increase or decrease in temperature during bloom, fruit set, and ripening can potentially lead to
poor fruit quality or a delayed harvest.

Temperature affects pollination, ovule fertilization, and pollen viability, and thus is by far the
most relevant factor during blueberry fruit development processes. The genetic makeup of a
variety also contributes to fruit quality. High-yielding blueberry varieties like ‘Brightwell’ tend to
produce more fruit than vegetative tissue, which can cause an unbalanced shoot-to-fruit ratio.
When this happens, there is not enough carbohydrate supply and fruits tend to be of smaller
size, have lower sugars, or have an incomplete ripening pattern.

This publication will inform growers about the factors that can affect blueberry fruit set,
development, and ripening. As erratic weather patterns become more prevalent, it is important
to keep in mind that environmental factors influence plants’ physiological and developmental
processes and understand how that translates into fruit quality each harvest season.

Blueberry Fruit Developmental Stages

Fruit Set

 Figure 1. Blueberry flower with internal parts (inferior ovary, five-lobed calyx, stamens, pistil,
five-lobed corolla, and stigma) identified. 

Fruit set mainly depends on pollination, which also is where fruit and seed development begins.
If pollination is delayed, the percentage of fruit set in blueberry plants declines sharply.
Highbush flowers are open for about 5–8 days, while rabbiteye flowers are open for
approximately 5–6 days, allowing for pollination to occur during that period.

The number of seeds in the fruit significantly influences fruit size and depends on the
percentage of cross-pollination that has occurred. Therefore, pollination is a crucial factor in
ensuring adequate fruit set, berry weight, and proper ripening. While the number of seeds is
crucial for determining fruit size, other factors such as pollinator activity, air temperature, crop
load, and water availability account for more than 50% of the variation in fruit size.

Fruit Growth and Development
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Blueberries have three growth stages; their growth pattern follows a double sigmoidal (S-curve)
growth curve (Figure 2).

 Figure 2. Fruit developmental stages of blueberry growth. Stage I primarily represents fruit
cell division, Stage II represents seed development, and Stage III represents fruit cell
enlargement. From “Blueberries (2nd ed.),” by J. B. Retamales and J. F. Hancock, 2018, CABI.

First stage: Depending on the variety and environmental factors, this stage lasts 25 to 35 days
after bloom and is characterized by high rates of cell division and dry weight gain.

Second stage: During this stage, fruits show minimal growth, but this is an active time for seed
development and hardening. Stage II can last anywhere from 30 to 40 days after bloom,
depending on the variety, environmental factors, and the quantity of viable seeds. Highbush
varieties typically have a shorter Stage II than rabbiteye varieties.

Third stage: This stage is distinguishable from the other two stages in that it exhibits extremely
quick fruit growth caused by cell expansion. Stage III lasts around 30 to 60 days after bloom.
During Stage III, anthocyanins accumulate and berries transform from green to blue. For
southern highbush plants, fruit development lasts 55 to 60 days after bloom, and for rabbiteye
plants, 60 to 135 days after bloom (depending upon the variety).

Fruit Ripening

 Figure 3. Blueberry fruit cluster with berries at different stages of ripening. Photo: Z. Rubio. 

Fruit ripening begins toward the end of Stage III and is greatly affected by temperature. During
fruit ripening, the acidity content of the fruits decreases while the sugar content increases. Fruits
also start to soften. Blueberry fruit clusters do not ripen all at once. During fruit ripening, berries
with different colors—green, pink, and blue shades—can be seen in the same cluster (Figure 4).

 Figure 4. Berry cluster with a single berry ready to be harvested. At this preharvest stage,
10% of the berries from the plant will be ready to harvest. Photo: Michigan State Extension. 

Blueberry fruit development and ripening processes usually take around 45 to 90 days,
depending on the variety and environmental factors. Blueberry fruit quality does not improve
after harvest. Fruit ripening is a highly coordinated biochemical process that involves changes in
fruit texture, color, flavor, and susceptibility to biotic and abiotic factors. Three seed-derived
hormones—ethylene, abscisic acid (ABA), and auxins—and their crosstalk (interactions)
influence fruit ripening. Environmental and genetic factors influence these three seed-derived
plant hormones.

In blueberries, seed development and fruit development occur after pollination, culminating in
fruit ripening. In addition, fruits typically are classified as climacteric or nonclimacteric fruits
depending on respiration and ethylene levels during ripening. In climacteric fruits, the respiration
rate increases during fruit ripening, and ethylene is a primary driver of ripening-related changes.
In nonclimacteric fruits, dramatic increases in respiration and ethylene are not discernable. The
distinctions between climacteric and nonclimacteric fruits are currently fading with research
showing that ethylene influences certain ripening aspects in nonclimacteric fruits.
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Blueberry fruit exhibits an increase in respiration and ethylene production, suggesting a
climacteric ripening physiology. However, unlike typical climacteric fruits, ethylene production in
blueberry fruit is not autocatalytic (when the reaction product, in this case ethylene, also acts as
a catalyst for its formation) in terms of its biosynthesis, but it appears to be more
developmentally regulated. Thus, fruit set, development, and ripening can be hindered by
numerous environmental factors and intrinsic factors that may affect fruit quality.

External Factors Affecting Fruit Set, Development and Ripening

Temperature

Temperature affects plants’ biological processes. Blueberry plants will not grow at
temperatures below 38 °F, and higher temperatures—around 46–68 °F—stimulate plant growth
and fruit ripening. Photosynthetic rates are reduced under high temperatures and carbohydrate
accumulation in the fruit is reduced, which affects the total soluble solids content. As such, high
temperatures directly affect fruit quality, and the rate of fruit softening also increases at high
temperatures, reducing fruit firmness. In contrast, nighttime temperatures below 50 °F can
greatly slow the rate of fruit development. Additionally, warm temperatures during the fall and
winter shift blueberry plants’ phenological stage, making the plants more susceptible to spring
freezes. Warm night temperatures of around 70 °F can hinder fruit set, development, and fruit
size. Pollination (e.g., bee visitation) is reduced at 50 °F or lower. Fruit quality and the rate of
fruit ripening are slow under shading since shading decreases temperatures by about 5 °F.
Temperatures during the day of 84 °F or higher can decrease final fruit size and inhibit fruit
development.

Frost and freeze damage

Late winter or early spring freezes are very common in the southeastern areas of the United
States and can severely damage blueberry floral, fruit, and seed development (Figure 5). Fruit
development can be damaged below 30.2 °F. During freeze events, different parts of the flower
may also be damaged. Thus, low temperatures can reduce both pollination and fruit set.
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 Figure 5. Flower damage caused by a freeze event in March 2022. Flowers with brown corolla
demonstrate visible damage. Photos: Z. Rubio. 

Flower damage may not always be visible. In some cases, the stigma and style can be
damaged, but the corollas do not always show visible damage. If the ovules are damaged but
fruit is set later on, these berries will not develop viable seeds and the berries will be aborted.
Seed development is also compromised during freeze events. Blueberry fruit injured at Stage II
of development (seed hardening) will turn brown and will not abscise (fall off). A cold front could
inhibit ripening if night temperatures drop to levels lower than 50 °F.

Internal Factors That Affect Fruit Set, Development and Ripening

Pollination

Poor pollination in rabbiteye and southern highbush varieties leads to improper fruit ripening.
Pollination in blueberries affects both seed and embryo development, which are closely tied to
fruit development. Cool weather during bloom (50 °F or lower), can result in reduced bee
visitation and lead to poor pollination. Bee visitation is also reduced in hot and rainy conditions.
The optimum temperature for foraging bees is 59 °F. However, even if pollination occurs, the
pollen tube may not germinate.

Fertilization can be compromised by temperatures around 40 °F or lower. Low temperatures
can prevent fertilization and seed development. Bee density is critical for fruit set, berry weight,
and fruit ripening. Fruit clusters exposed to good weather conditions for bee visitation
(approximately 59 °F) have higher weight and better fruit set. Furthermore, pollen is shed from
anthers when flowers are dry and humidity is low.

Other potential causes of poor pollination are self-incompatibility and single-variety plantings.
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Sometimes because of parthenocarpy (development of fruit without fertilization), fruits will set
but the fruits will be small in size and the seeds will be unviable (Figure 6).

 Figure 6. Left: Undeveloped blueberry seed. The seeds are clear, small, and flat. Right:
Developed blueberry seeds. Seeds are melanized and brown. Photos: Z. Rubio. 

Plant Hormones

Plant hormones play a major role in controlling the process of fruit set, development, and
ripening. Hormones such as auxins, ethylene, cytokinins, and gibberellins—many of which are
produced by fertilized ovules or developing seeds—influence the early cell division (Stage I) and
cell expansion phases (Stage III).

Fruit ripening is mediated by multiple physiological processes that include fruit softening,
increase in sugar-to-acid ratio, accumulation of pigments, and flavor development. Ethylene and
ABA positively regulate, and auxins negatively regulate, fruit ripening. Blueberries exhibit
atypical climacteric ripening physiology. Interestingly, ethylene production is variable among
varieties during ripening and during postharvest storage. ABA increases during blueberry fruit
ripening. However, more studies are required to understand the role of ABA in ripening initiation
as well as its role in fruit-flavor metabolism. Furthermore, the production rate and interaction of
hormones such as ethylene, ABA, and auxins are controlled by genetic and environmental
factors.

Overcropping

This term refers to a plant that bears more fruit than it can effectively ripen. High-yielding
blueberries are genetically programmed to overcrop, producing berries that fail to fully ripen
without abscising (Figure 7). Overcropping can decrease fruit size and quality, as well as delay
ripening.

 Figure 7. Berries from variety ‘Brightwell’ that failed to fully ripen. Photo: Z. Rubio. 

Overcropping can be mitigated by pruning. During pruning, the removal of flower buds can
promote fruit set on the remaining buds and speed up ripening. An overcropped plant is an
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unbalanced plant. It is a plant that has very little foliage (leaves) and too much fruit (shoot-to-
fruit ratio). An overcropped blueberry bush will typically have delayed and inconsistent ripening
and produce lower-quality fruit (low total soluble solids or Brix) since the plant does not have
enough carbohydrates to allocate to the ripening fruit.

Conclusion

Many factors control blueberry fruit set and ripening in each season. Therefore, producers
should pay close attention to the environmental factors or stresses that might affect fruit
development and ripening in specific varieties, especially after extreme weather events such as
freezes. Good fruit quality is the result of proper crop management, appropriate harvesting and
handling techniques, and favorable weather conditions—although of course the latter cannot be
controlled by producers.
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