COLLEGE OF AGRICULTURAL, CONSUMER AND ENVIRONMENTAL SCIENCES

Causes and Mitigation of

Poor Fruit Set in Grapes

Geraldine Diverres, Markus Keller, Michelle M. Moyer*

pubs.nmsu.edu ¢ Cooperative Extension Service ¢ Guide H-188

The College of
Agricultural,
Consumer and
Environmental
Sciences is an
engine for economic
and community
development in New
Mexico, improving
the lives of New
Mexicans through
academic, research,
and Extension

programs.

New Mexico State University
aces.nmsu.edu

Pollen

and ovules

Fruit setand
Bloom Pollination and fertilization _— berry development
Figure 1. Graphical summary of the processes of bloom, pollination and fertilization
in grapes. In grapevines, several hundred flowers are grouped into a cluster called an
inflorescence. Most cultivated varieties have flowers containing both male and female
reproductive organs and are self-fertile. In spring, these organs mature shortly before
the flower caps (calyptra) are shed (bloom), exposing the anthers and stigma. Pollen
released from the anthers lands on the stigma (pollination), germinates, and forms
a tube that delivers sperm cells to the ovary (fertilization). A successful fertilization
triggers hormonal signals that drive the growth of the ovary walls to form the grape
berry flesh, completing the transformation from flower ovary to fruit (fruit set).
Graph created with BioRender.

KEY INFORMATION

 Fruit set is the transformation of flowers into grape berries following pollina-
tion and fertilization. Fruit set plays an important role in determining final vine
yield in that growing season.

* Not all flowers turn into berries, and this is considered normal. However, fruit
set is considered low when less than 30% of flowers become berries. Poor fruit
set can be a consequence of many factors including adverse weather or imbal-
ances in vine physiology due to biotic or abiotic stress.

* The effectiveness of vineyard management practices to improve fruit set is
limited by environmental and genetic factors.

*Respectively, Extension Viticulturalist Specialist, Department of Extension Plant Sciences, College
of Agricultural, Consumer and Environmental Sciences, New Mexico State University; Professor in
Viticulture, Department of Viticulture and Enology, Irrigated Agriculture Research and Extension
Center, Washington State University (WSU); and Professor and Viticulture Extension Specialist,
Department of Viticulture and Enology, Irrigated Agriculture Research and Extension Center, WSU.



Figure 2. Low fruit set or shatter in Vitis vinifera cvs. Chardonnay (left) and Cabernet Sauvignon (right) clusters. When many
un-fertilized, dried-up flowers remain attached to the clusters, such flower debris can provide entry points for the Botrytis bunch
rot fungus. Photos by M. Moyer and G. Diverres.

INTRODUCTION

Fruit set is a key developmental stage in seasonal grapevine
growth. This stage refers to the transformation of flowers
into berries following pollination and fertilization (Figure
1). The success of the flowering process, in combination
with the number of flowers that were on a vine before
bloom and the extent to which the berries grow after fruit
set, determines crop yield. Disturbances in bloom, pollina-
tion, or fertilization (which reduce fruit set) can therefore
negatively impact yield.

WHAT IS POOR FRUIT SET?

On average, only 30 to 50% of the flowers within an inflo-
rescence will become berries; the rest fail to set fruit and
drop off.! Vines with more clusters or with clusters that
have more flowers tend to exhibit naturally lower fruit set
rates. When fruit set rates fall below the normal range for
a particular variety, the condition is called shatter or poor
fruit set. This situation becomes problematic when it leads
to a significant reduction in yield (Figure 2). However, low
fruit set does not always mean low yield. Grapevines can
offset—to a certain degree—low fruit set through increased
berry size, an adaptive mechanism known as yield compo-
nent compensation.

However, high fruit set is not always desirable. Certain
varieties tend to produce inflorescences with many flow-
ers and have high fruit set. The resulting clusters may have
berries tightly pressed together and can suffer from uneven
ripeness and berry splitting, which can increase the risk of
harvest rots.

WHAT CAUSES POOR FRUIT SET IN THE

VINEYARD?

Some growing seasons will present environmental chal-

lenges beyond a grower’s control, while others may expose

inadequate vineyard management practices that can be ad-
dressed and improved. This document groups the causes of
poor fruit set into three main categories:

e Genetic factors — Factors intrinsic to the variety or root-
stock, like the number of clusters on a shoot, flowers in a
cluster, or the drought and salinity tolerance.

*  Weather limitations — Factors that are largely outside
the grower’s control, such as adverse weather conditions
like rainfall, cold temperatures, or heatwaves.

¢ Physiological and management derived causes — In-
ternal vine processes influenced by both genetic and
environmental factors, as well as controllable decisions
around vineyard management practices.

Genetic factors

Genetic factors are characteristic of a given variety, clone,
or rootstock. Cultural practices allow us to manage these
traits to optimize productivity, but they cannot be modi-
fied. They play a role in determining the maximum number
of clusters a shoot can bear or flowers a cluster can bear.
Certain Vitis vinifera varieties like Grenache, Malbec, or
Merlot can experience fruit set problems frequently.? Other
varieties have a naturally low number of berries because
they produce fewer flowers, like Tempranillo, Sauvignon
blanc, Pinot noir, or Chardonnay.® Conversely, some variet-
ies may have a higher number of flowers but lower rates of
fruit set (Figure 3).
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Figure 3. Genetic differences affect the number of flowers produced per inflorescence. Chardonnay (left) is a variety that typically
produces a low number of flowers but has a high percentage of fruit set as opposed to Cabernet Sauvignon (right). Photos by M.
Keller.

What to do in the vinevard: Before planting, match
site and variety. Avoid selecting grape varieties that tend
to bloom during high-risk weather periods in your region
(Figure 4), like spring frost, heat spikes, rain, or extreme
winds, which are common in the growing regions of New
Mexico. Rootstock selection should also be considered,
since the rootstock can impact fruit set indirectly by in-
creasing sensitivity to drought, salinity or by performing
poorly in alkaline soils, like Riparia gloire (RG) or 101-14
Mgt. Paulsen 1103, on the other hand, has been reported to
show tolerance to drought and high pH (above 7.5) soils.*

Weather limitations

Weather is one of the most influential and least control-
lable factors affecting fruit set. The timing and severity of
inclement weather will determine the degree of impact.
Temperatures below 59°F (15°C), overcast skies, and heavy
rains or winds can reduce fruit set by hampering cap fall,
pollination, and/or fertilization (Figure 5). Temperatures
above 95°F (35°C) are equally detrimental to these pro-
cesses. Cold stress or low light before or during bloom can
starve the flowers of vital carbohydrates, and heat stress
can dehydrate the flowers, causing them to drop from the
inflorescence.’

What to do in the vineyard: Before planting, it is es-
sential to choose a suitable vineyard site. Avoid locations
prone to frost pockets, excessive shade, or high winds.
Vineyard design should also support healthy canopy devel-
opment through appropriate row spacing, orientation, and
trellis systems that maximize sun exposure and airflow.

Once the vineyard is established, growers have limited
options to mitigate the effects of adverse weather during
bloom. Delaying the time of winter pruning closer to bud-
break (late pruning) can improve fruit set if it pushes phe-
nology to optimal weather conditions during bloom.¢ This
delay is variable, and success still depends on the variety
and the weather conditions that year. Late pruning should

be exercised with caution, as pruning too late (7 leaves
unfolded in the two top buds per retained cane or later)
could leave vines depleted of carbohydrate reserves, which
may exacerbate the impact of poor weather on fruit set.” If
adverse weather is forecasted at the time of bloom, shoot
tipping (removing only the shoot tips, not hedging) may
also help to improve fruit set by temporarily eliminating the
highly competitive shoot tips. This strategy helps to redirect
the vine’s limited carbohydrates towards the comparatively
weaker flowers. However, if tipping is done too early, lat-
eral shoots will grow and create new competing shoot tips.

Physiological and management derived causes
Even under optimal weather conditions, fruit set can still
be compromised by a range of physiological imbalances
and vineyard management practices. Nutrient deficiencies,
water stress, hormonal imbalances or poorly timed cultural
practices can all impair fruit set. In addition, external pres-
sures like pesticide damage, or pests and diseases can fur-
ther disrupt the reproductive success.

¢ Pruning practices

Retaining a high number of buds (e.g., through mechani-
cal or minimal pruning) often leads to lower fruit set rates
because the available resources early in the season are
spread across a larger number of growing shoots and clus-
ters (Figure 6).

What to do in the vinevard: Increasing the pruning
severity (i.e., leaving fewer buds per vine) increases the
carbohydrates and other nutrients available per shoot and
cluster, which can increase fruit set. Balanced pruning aims
to retain about 15 buds for each pound of pruned canes.

Guide H-188 ¢ Page 3



[® Bloom start @ Fruit set

Mourvédre | ' —e —— e |
Garnacha [ . = I
Durif [ @ — ) —
Sémillon [ - e— ° B
Barbera [ re————o ——— 1
Zinfandel | [ e—— P
Grianer Veltliner [ o= ° —
Sauvignon blanc : e — ° : |
Cabernet Sauvignon ¢t : . O— ° —_—]
Muscat blanc : o———— o — |
Chenin blanc [ - — ST —
Tempranillo t — A e —
Melon t . O— ° —
Nebbiolo [ o— o | |
Riesling : = e : )
Petit Verdot [ | o— ) — ]
Merlot : . — ) e
Auxerrois ——eNE=—— e —_—
Viognier t : N e —+—
Malbec t : e ) : |
Aligoté t [ - —— o — ]
Cabernet franc [ . e— ) | |
Pinot gris t : C e— e ——
Lemberger R — e : |
Gewdrztraminer — .— 6 ——
Sangiovese : e e —+ T
Pinot blanc [ - l—t— e —_—
Albarifio t [ (@} | e —
Pinot noir ———— A e ! !
Chardonnay ¢t : N - e —_—
Concord | | ONE==— o — . B :
130 140 150 160 170 180 190
Day of year

Figure 4. Dates for the beginning of bloom (purple) and fruit set (green) for 31 own-rooted grape varieties grown in Prosser,
(eastern) Washington. Despite coming from a different region, the relative dates of bloom and fruit set between varieties can be
used to guide planting decisions in New Mexico. Each box shows the usual range of bloom and fruitset dates observed over sev-
eral growing seasons (2015-2024). The dot represents the average timing, while the box and lines show how much those dates
can vary from year to year due to environmental conditions. Figure by M. Keller.
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Figure 5. A trial in a Cabernet Sauvignon vineyard in Prosser, Washington, demonstrated how cool inflorescence temperatures
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during bloom (average 61°F) retarded and reduced fruit set (left) compared to warm conditions (average 70°F; right). Photos from
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e Carbon starvation

Poor fruit set is often linked to low carbohydrate avail-
ability. When reserves are insufficient, the vines struggle to
support developing flowers and become more vulnerable
to unfavorable weather and to conditions that limit photo-
synthesis (Figure 7). Similarly, a low leaf area (less than
about 1 square inch, <5 cm?, per flower) also limits photo-
synthesis and carbon availability® (Figure 8). The result is
competition between flowers and growing shoots, pulling
resources away from the flowers and reducing fruit set.
Excessive vine density, inadequate trellising, or improper
canopy management can also result in leaves and inflores-
cences that are shaded or cannot meet the vine’s require-
ments (Figure 9). These shaded clusters are prone to drop
more flowers. '
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Figure 6. The effect of pruning severity on fruit set in a Merlot vineyard in Prosser, Washington. More retained buds in a minimally
pruned vine led to more clusters and reduced fruit set (left), as opposed to a spur-pruned vine with fewer retained buds and hence
fewer clusters and higher fruit set (right). Photos by M. Keller.

What to do in the vineyard: Ensure the development
of a functional canopy early in the season. Establishing
an optimal leaf area quickly in spring ensures vines have
enough photosynthetic capacity to support the development
of flowers and their transformation into fruit. If low fruit set
has been a concern, delay leaf removal until after fruit set
to preserve photosynthetically active leaf area and support
the processes of flowering and fruit set. Focus on creating
a sun-exposed fruiting zone through thoughtful shoot thin-
ning and leaf removal practices that enhance light penetra-
tion without compromising vine energy reserves.
*  Water stress and nutrient deficiencies

Moderate or severe water stress during the period lead-
ing up to and during bloom interferes with flower and pol-
len production, pollination, and fertilization.
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Figure 7. Excessive loss of flowers or entire branches of the Figure 8. Fruit set is compromised when the canopy fails to

inflorescence is known as inflorescence necrosis or early bunch meet the requirements of the developing flowers. This prob-
stem necrosis. Cool temperatures and overcast skies, water lem is worsened by low carbohydrate reserves and adverse
and/or nutrient deficiencies before bloom reduce the sugar weather conditions. The photograph shows the effect of low
available to flowers. This photograph shows the effect of leaf area of the shoot in the front, while the shoot in the back
overcast skies during bloom combined with competition from had adequate leaf area. Photo from Keller et al. (2010)."

under-vine vegetation in a nitrogen-deficient vineyard. Photo
from Keller et al. (2001)."

Figure 9. Insufficient or poorly timed shoot thinning, overcrowded canopies, or low light exposure can reduce the vine’s photosyn-
thetic capacity and flower viability. Early leaf removal (during bloom) can compromise fruit set by reducing the photosynthetic leaf
area at a time when the developing inflorescences are competing with growing shoot tips for limited resources. This photograph
shows the results of a leaf removal experiment with vines defoliated at 100% bloom (left) versus a no defoliation control for refer-
ence (right). Photos by Michelle Moyer.
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Figure 10. An experiment with potted Cabernet Sauvignon vines showed the drastic reduction in fruit set when water and nutrient
deficiencies are combined (left) as opposed to just the effect of water deficit alone (right). Photo from Keller (2025)."

Water stress decreases photosynthesis and the availability of carbohydrates. When water stress is combined with nutrient defi-
ciencies, the result is an even more drastic reduction in fruit set and yield (Figure 10). The success of pollination and fertiliza-
tion depends on the presence of macro- and micronutrients, all of which should be in adequate supply to ensure overall vine
health and reproductive performance. In some cases, excess will be as detrimental as a deficiency.

The nutrients associated with reproductive success are nitrogen, calcium, boron, zinc, and molybdenum. Their deficiency
has been linked with the incidence of “hens and chicks” (Figure 11), a disorder characterized by clusters containing a mix of
normal, seeded berries (the “hens”), and smaller berries with seed traces (the “chicks”), and often unfertilized and seedless
berries, more accurately referred to as live green ovaries. Though fruit set seems normal, the live green ovaries, which are es-
sentially unfertilized flowers that fail to abort, do not develop into berries and do not accumulate sugars or undergo ripening.
This condition can result from a combination of factors aside from nutrient imbalances, including early-season water stress,
and poor weather conditions at bloom.

What to do in the vineyard: In arid regions where soil moisture is controlled through irrigation, do not impose deficit
irrigation until after fruit set. Irrigate if soil moisture is below 35% of extractable soil water content at the beginning of the
growing season or as soon as water is available.' The extractable soil water content is a unit that refers to the soil moisture
available for plant water uptake. It includes the soil moisture content at field capacity and permanent wilting point. Because it
accounts for these two reference points that are unique to every soil type, it provides a consistent and comparable measure of
plant-available water across different soils, regardless of their characteristics. The extractable soil water content can be calcu-
lated as':

(Soil moisture — permanent wilting point)

Extractable soil water content = - - — -
(Field capacity — permanent wilting point)

To ensure adequate nutrient supply, plan for a vineyard nutrition program that focuses on replenishing nutrients that are
taken away from the vineyard with each harvest and on correcting any deficiencies. Vineyard nutrient needs can be deter-
mined by vine tissue testing. Foliar spray applications can help to rapidly increase vine tissue nutrient levels, especially for
nitrogen, molybdenum and boron.'s!”
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Figure 11. “Hens and chicks”, also known as millerandage, in two clusters photographed at different phenological stages. Photos by
M. Keller.

Figure 12. Examples of early-season leaf damage caused by common insect pests in NM vineyards. From left to right: feeding
damage caused by grape leaf skeletonizer; leathoppers; and grape flea beetle. Early-season injury can reduce leaf area, reducing
the photosynthetic capacity if pest pressure is high. Correct identification of damage patterns is important for timely scouting and
management decisions.
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* Pests and diseases

Pests and diseases can negatively impact fruit set by
causing direct damage to flowers or reducing functional
leaf area, particularly when it occurs early in the growing
season (Figure 12). The grapevine western leaf skeletonizer
(Harrisima brillians, H. metallica), grapevine leaf hop-
pers (Erythorneura elegantula, Erythorneura spp.) and the
grape flea bettle (Altica chalybea, Altica spp.). Pests and
diseases can also indirectly impact fruit set by causing gen-
eralized vine decline, physiological stress, foliage damage,
or by feeding on the root system and limiting nutrient and
water uptake.

What to do in the vineyard: Implement integrated
pest management (IPM) strategies and site-adapted weed
control to maintain vine health and reduce competition for
water and nutrients. For further reading on IPM strategies
specific to NM, please visit: Grape Integrated Pest Man-
agement in NM: https://pubs.nmsu.edu/_circulars/CR705/
index.html

SUMMARY

Fruit set in grapevines is influenced by a combination of
genetic and environmental factors, and vineyard manage-
ment practices. While some causes of poor fruit set are not
yet fully understood and may result from a combination

of stressors, environmental conditions that reduce fruit set
often do so by inducing carbon starvation. The strategies to
improve fruit set are generally aligned with those that pro-
mote vine balance, the early development of functional can-
opy and higher photosynthetic rates. A healthy, open and
sun-exposed canopy with sufficient leaf area, a balanced
crop load, and an adequate irrigation and nutrition program
creates the best conditions for a successful fruit set.

Table 1. Summary of management practices to favor

fruit set in established vineyards.

Prune according to vine size.

» Aim for vine balance. Leave about 15 buds for each
pound of canes removed.

Ensure adequate water and nutrient availability.

 Irrigate if soil moisture is below 35% extractable soil
water content between budbreak and bloom.

+ Plan for a nutrition program that focuses on replenishing
the nutrients that are taken away from the vineyard with
each harvest.

* Ifnutrient deficiencies are suspected, perform vine tis-
sue testing annually and soil testing every 3-5 years to
diagnose the problem and check the effectiveness of your
management strategy.

» Key nutrients for fruit set include nitrogen, calcium, bo-
ron, zinc, and molybdenum.

» Foliar spray applications can help rapidly increase vine
tissue nutrient levels

Ensure the development of a functional canopy with ad-
equate leaf area.

* Avoid high canopy density to ensure adequate sun expo-
sure of inflorescences.

* Thin non-count and unnecessary shoots (including suck-
ers and watershoots) when they are 4-6 inches long to
improve canopy structure and light distribution.

* Remove only the shoot tips at the onset of bloom if
severe adverse weather conditions (overcast, rain, cold,
wind) may lead to carbon starvation due to competition
between shoot tips and flowers.

» Use leaf removal carefully: avoid excessive or poorly
timed defoliation near bloom since vines need enough
photosynthetic capacity to support developing fruit.

* In frost-prone areas, late winter pruning (close to bud-
break) may delay phenology just enough to avoid bloom
under adverse conditions. But pruning too late may re-
duce stored reserves and lead to poor shoot development.

» Use integrated pest management (IPM) strategies to
protect leaf area and vine function, especially early in the
growing season.
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GLOSSARY OF TERMS

1.

Biotic/Abiotic stress: Biotic stress refers to stress
caused by living organisms, such as insects, bacterial
and fungal disease agents, nematodes, or weeds. On the
contrary, Abiotic stress refers to stress caused by non-
living factors, including drought, heat, frost, salinity,
nutrient imbalances, etc.

. Field capacity: The amount of water held in the soil

after excess water has drained away. Field capacity de-
pends on soil characteristics and varies by soil type.

. Permanent wilting point: The soil moisture level at

which vines and other plants can no longer extract wa-
ter from the soil, resulting in permanent wilting. Water
at this level is held too tightly by the soil to be used by
plants. Permanent wilting point depends on soil charac-
teristics and varies by soil type.

. Phenology/phenological stage: The timing and progres-

sion of recurring vine growth stages such as budbreak,
bloom, fruit set, veraison, or leaf fall. These develop-

mental stages are highly influenced by weather and envi-

ronmental conditions.
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