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Abstract: Spring frost is a perennial and widespread problem across many cool climatic and high-
elevation winegrowing regions of the world. Vitis vinifera L. cv. Pinot noir is an early budding
cultivar; thus, it is particularly susceptible to late-spring frost damage. In late April 2022, an advective
frost event occurred throughout Western Oregon winegrowing regions and subsequently damaged a
substantial number of commercial vineyards. Growers often are unsure of how to manage grapevines
after a frost event. Limited research has shown little-to-no effect of pruning vs. non-pruning strategies
on vine yield and productivity. In addition, pruning a frost-affected vineyard incurs additional labor
costs that may offset the cost–benefit balance for the grower. Therefore, in this experiment, the effect
of two different post-frost pruning treatments (cane pruning and spur pruning) on vine yield, berry
composition, and vine vegetative growth were tested. No effect of post-frost pruning treatments on
vine yield, berry composition, and vine vegetative characteristics was observed. Cluster numbers,
cluster weights, and berries per cluster only differed between cane- vs. spur-pruned vines. Therefore,
leaving frost-affected vines alone and a scaled-back vineyard management practice could be practical
for economic reasons.

Keywords: frost; pruning; canopy management; yield; vine recovery

1. Introduction

In the United States, grape growers endure the greatest economic impact related to
crop losses due to cold temperatures compared to any other weather-related damages [1].
Spring frosts are a perennial problem for vineyards in cool climatic or high-elevation
regions [2]. Frost is defined as “temperatures less than or equal to 0 ◦C, at a height between
1.25 and 2 m” from the ground surface [1]. Frost injury in vineyards occurs generally when
the air temperature falls below −2 ◦C post budbreak [3]; however, the extent of damage is
dependent on the duration of frost and the phenological stage of the crop [4].

Due to climatic warming trends, the co-occurrence of ‘false springs’, advancing bud-
break, and early shoot development are causing increased frost susceptibility to grapevines,
particularly those grown in mid-latitudes [5,6]. Temperatures of −2 to −3 ◦C can kill
young shoots developing from primary buds, and as a result, shoots grow from less fruitful
secondary buds [7,8]. Severe frost not only influences the current season’s crop, but by
negatively affecting flowering and vegetative growth, it can also reduce crop yield in the
following seasons [2]. Depending on the extent of damage caused by frost, growers may
decide whether to implement any recovery interventions to preserve or stimulate current
year’s growth or promote adequate fruiting wood for the following season.

Vitis vinifera L. cv. Pinot noir is an early budding cultivar that is especially vulnerable
to late-spring frost. In late April 2022, a disastrous advective frost event in Western
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Oregon damaged up to 50–100% of all primary shoots in many vineyards [9]. After the
frost event, there were numerous questions regarding what to do with damaged vines (if
anything) and whether supplementary canopy management practices might help vines
recover. In multiple previous reports [10–16], possible post-frost management strategies
were discussed, which included taking no action, removing dead shoots, removing all
shoots, and light-to-heavy pruning.

Although there is plenty of published literature discussing the effect of post-frost
management on the current year’s crop [8,17–19], very little effort has been made to test
vine recovery in the season following frost management. In addition, no work has been
conducted on young grapevines (<five years old). Therefore, the current study evaluated
three different post-frost pruning treatments on young, frost-affected vines in a commercial
Pinot noir vineyard, and compared their yield and berry compositional characteristics in
2023.

2. Materials and Methods
2.1. Vineyard Site, Experimental Design, Management, and Pruning Treatments

The study vineyard was planted in 2018 in the Umpqua Valley AVA to V. vinifera
L. cv. Pinot noir (clone 828) grafted on to 101-14 Mgt. rootstock (V. riparia Michx × V.
rupestris Scheele). Vines were head-trained on a vertical shoot positioning (VSP) trellis
system and cane-pruned to two 10-bud canes and two 2-bud renewal spurs per vine. Vines
were planted in 1.5 × 2.4 m vine × row spacing in north–south row orientation. Vines were
managed according to industrial standards common in the region. The frost event occurred
on 15 April 2022, when the low average air temperature fell below −2 ◦C after a sustained
warm period (Supplementary Figure S1). Following the late April frost in 2022, vines were
assessed for bud damage. The concerned experimental plots experienced a uniform amount
of damage (Supplementary Figure S2). At the time of this frost event, Pinot noir vines were
at a 2–3 leaf stage with 2–4 cm shoots, corresponding to the modified Eichhorn–Lorenz
(E-L) scale score of 9 [20]. The frost-affected vines were categorized into three treatment
groups: (1) DN-CP: do nothing post frost and cane-prune the next dormant season (control);
(2) DN-SP: do nothing post frost and spur-prune the next dormant season; (3) CF-CP: cut
fruiting canes at the head to two 4-bud spurs post frost, followed by cane-pruning the next
dormant season (Figure 1). Treatments were randomly assigned to four-vine plots and were
replicated eight times within three rows in the vineyard in a completely randomized design.
Treatment plots were separated by one border vine. Vine yield and berry composition were
analyzed at harvest in September 2023.

2.2. Yield Components, Fruit Composition, and Vegetative Growth

Yield and yield components were determined by harvesting four whole vines per
treatment plot in 2023. All clusters on primary shoots for each data vine were counted
and weighed in the field. Cluster weights were determined by dividing the entire plot
yield by the number of clusters. Berries per cluster were calculated from the average berry
and cluster weight data. To quantify the responses of the fruit composition to pruning
treatments, eight whole clusters per treatment plot were collected after harvest in each
experimental unit, stored in coolers, and brought back to the lab.

Upon returning to the lab, the clusters were weighed and dissected, the berries were
counted, weighed, and pressed, and the resulting juice was collected and centrifuged. The
juice total soluble solids (TSS; ◦Brix) was measured using a digital handheld refractometer
(AR200, Reichert, Inc., Depew, NY, USA). The juice pH was determined using a benchtop
pH meter (Orion 3-Star Benchtop pH Meter, Thermo Fisher Scientific, Waltham, MA, USA).
Titratable acidity (TA) was determined using an auto-titrator (T50 Titrator, Mettler Toledo,
Columbus, OH, USA).



Horticulturae 2024, 10, 505 3 of 8
Horticulturae 2024, 10, x FOR PEER REVIEW 3 of 8 
 

 

 
Figure 1. Three different post-frost pruning treatments were used in the study. DN-CP: do nothing 
post frost and cane-prune the next dormant season; DN-SP: do nothing post frost and spur-prune 
the next dormant season; CF-CP: cut fruiting canes at the head post frost followed by cane-pruning 
the next dormant season. 

2.2. Yield Components, Fruit Composition, and Vegetative Growth 
Yield and yield components were determined by harvesting four whole vines per 

treatment plot in 2023. All clusters on primary shoots for each data vine were counted and 
weighed in the field. Cluster weights were determined by dividing the entire plot yield 
by the number of clusters. Berries per cluster were calculated from the average berry and 
cluster weight data. To quantify the responses of the fruit composition to pruning treat-
ments, eight whole clusters per treatment plot were collected after harvest in each exper-
imental unit, stored in coolers, and brought back to the lab. 

Upon returning to the lab, the clusters were weighed and dissected, the berries were 
counted, weighed, and pressed, and the resulting juice was collected and centrifuged. The 
juice total soluble solids (TSS; °Brix) was measured using a digital handheld refractometer 
(AR200, Reichert, Inc., Depew, NY, USA). The juice pH was determined using a benchtop 

Figure 1. Three different post-frost pruning treatments were used in the study. DN-CP: do nothing
post frost and cane-prune the next dormant season; DN-SP: do nothing post frost and spur-prune the
next dormant season; CF-CP: cut fruiting canes at the head post frost followed by cane-pruning the
next dormant season.

Vegetative growth was measured in terms of trunk cross-sectional area and dormant
season pruning weights. Trunk diameters (d; mm) were measured in April 2022 and
May 2023 using a digital caliper at 45 cm above the ground surface, just below the graft
union. The cross-sectional area of the trunk was calculated using the standard formula for
area of a perfect circle: a = πr2, where a is the trunk area (mm2) and r is the trunk radius
(d/2) (mm). The pruning weights were collected in March 2023.

2.3. Statistical Analysis

All data were analyzed using R software (R 4.3.0) for statistical computing (R Core
Team, 2023). Linear models were fitted to data using the lm() function from the R base
package with statistical significance tested at α = 0.05. The yield components, berry compo-
sition, and pruning weight data were analyzed using a one-way ANOVA, with pruning
treatment as the main factor. If the treatment effects were found to be significant, the esti-
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mated marginal means, followed by a multiple comparison of these means, were computed
using Tukey’s honest significant difference test using the emmeans package. The trunk
cross-sectional area was analyzed using a two-way ANOVA with the treatment and year as
the main factors, and treatment × year as the interaction factor.

3. Results and Discussion

Due to the severity of damage during the frost year (2022), the plot-by-plot yield and
berry composition data were not collected in that year. However, the average yield per
vine across the entire frost-affected experimental block was 1.6 kg. At harvest in 2023, no
impact of post-frost pruning treatments on vine yield was observed (Table 1). The vines
produced an average of 5.4 kg per vine across treatments, a ~250% increase compared to
2022. Although no statistically significant differences were observed in the yield response,
there were statistically significant differences among treatments for clusters per vine,
cluster weights, and berries per cluster. Treatment DN-SP resulted in a significantly higher
number of clusters per vine compared to the other two treatments. Conversely, DN-SP
resulted in fewer berries per cluster and lower cluster weight compared to the rest of the
treatments. Berry weights did not differ significantly among treatments, with an average
across-treatment berry weight of 0.91 g/berry. Accordingly, the cluster weight was mainly
influenced by the number of berries per cluster as apparent from the strong and significant
correlation between the two parameters (r = 0.88, p < 0.0001) (Supplementary Table S1).

Table 1. Yield and yield components in response to post-frost pruning treatments in field-grown
Pinot noir vines in Umpqua Valley AVA. Data are the means ± SE (n = 8). Different letters besides
the values for a particular variable indicate statistically significant differences among the treatment
means (p < 0.05). Treatment descriptions are provided in Figure 1.

Treatment Yield (kg/vine) Clusters per Vine Cluster Weight
(g) Berries Per Cluster Berry Weight

(g)

DN-CP 5.20 ± 0.24 33 ± 1 b 156 ± 5.43 a 175 ± 4.11 a 0.90 ± 0.03
DN-SP 5.37 ± 0.35 48 ± 2 a 112 ± 3.47 b 124 ± 3.69 b 0.90 ± 0.03
CF-CP 5.57 ± 0.25 36 ± 2 b 158 ± 5.66 a 168 ± 8.22 a 0.95 ± 0.02

ANOVA p-values

Treatment 0.67 <0.0001 <0.0001 <0.0001 0.48

The higher number of berries per cluster observed in cane-pruned vines was likely
the result of a greater number of flowers per inflorescence in the larger flower primordia
in cane-pruned vines compared to spur-pruned vines. In a study conducted on Pinot
noir in Oregon, Ulmer and Skinkis (2020) [21] observed 24–33% more berries per cluster
in cane-pruned vines than spur-pruned vines, which was closely matched in this study
(37%). In addition, they observed lighter yet more numerous clusters per vine in spur-
pruned compared to cane-pruned vines. The cluster weights in their study were similarly
more strongly influenced by berries per cluster than berry weights. Similar findings were
reported by Skinkis and Gregory (2017) [22] and Jones et al. (2018) [23] in V. vinifera L. cvs.
Pinot noir and Chardonnay, respectively. Thus, the results of our study are in accordance
with their findings.

Like the vine yield, berry composition parameters did not differ significantly among
the treatments (Table 2). All vines produced an average juice TSS of 22 ◦Brix, pH of 3.24, and
TA of 6.3 g/L, indicating a technologically mature Pinot noir berry status for Oregon [24].
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Table 2. Berry composition in response to different post-frost pruning treatments in field-grown
Pinot noir vines in Umpqua Valley AVA. Data are the means ± SE (n = 8). Treatment descriptions are
provided in Figure 1.

Treatment TSS (◦Brix) pH TA (g/L)

DN-CP 22.3 ± 0.9 3.24 ± 0.05 6.54 ± 0.30
DN-SP 22.0 ± 0.7 3.25 ± 0.03 6.27 ± 0.13
CF-CP 21.9 ± 1.0 3.25 ± 0.03 5.98 ± 0.13

ANOVA p-values

Treatment 0.94 0.99 0.20

The trunk cross-sectional areas measured during May 2022 and 2023 did not show a
significant difference among treatments in either year (Table 3). Averaged across treatments,
the trunk areas were 358 mm2 and 549 mm2 in 2022 and 2023, respectively, representing a
54% year-over-year increase (p < 0.0001). The lack of an interaction effect (p = 0.90) between
the treatment and year indicated that pruning treatments did not influence year-over-year
trunk growth. Similarly, the vine vegetative growth measured in terms of pruning weights
in March 2023 did not significantly differ (p = 0.07) across treatments, with a grand mean of
1.1 kg of pruning weight per vine.

Table 3. Trunk cross-sectional area in response to different post-frost pruning treatments in field-
grown Pinot noir vines in Umpqua Valley AVA. Data are the means ± SE (n = 8). Treatment
descriptions are provided in Figure 1.

Year Treatment Trunk Cross-Sectional
Area (mm2) Increase (%)

2022
DN-CP 356.85 ± 19.66 --
DN-SP 360.36 ± 14.61 --
CF-CP 356.27 ± 15.41 --

2023
DN-CP 540.42 ± 30.57 51.95 ± 4.18
DN-SP 556.40 ± 27.05 54.47 ± 3.95
CF-CP 549.74 ± 30.13 54.29 ± 4.23

ANOVA p-values

Treatment 0.80 0.82
Year <0.0001 --

Treatment × Year 0.90 --

This study did not find a yield difference in the second year between treatments
that removed (CF-CP) or did not remove (DN-CP and DN-SP) frost-affected shoots in
the first year. Lider et al. (1975) [25] suggested that a potential difference might be
expected due to the vines’ young age and the associated lower levels of stored carbohydrate
reserves. Indeed, Friend et al. (2011) [17] and Dami et al. (2012) [11] reported that
the removal of frost-affected shoots can result in the depletion of storage carbohydrate
reserves, and suggested that this may lead to yield reduction. However, the post-frost
treatments applied to the young vines in this study had no effect like in many other
earlier studies on post-frost pruning or shoot removal treatments. In an early study on
multiple frost-damaged V. vinifera L. cultivars in California, Lider (1965) [13] showed that
the removal of frost-injured shoots in either spur- or cane-pruned vines had very little
effect on the yield. Subsequent work by Kasimatis and Kissler (1974) [26] revealed that
shoot removal treatments following frost damage did not increase yield or affect berry
quality in V. vinifera L. cvs. Tokay, Carignane, Zinfandel, Chenin blanc, and Grenache. More
recently, Keller and Mills (2007) [27] observed no effect of pruning treatments on the fruit
composition of V. vinifera L. cv. Merlot in Washington following cold injury to the vine
trunk. In a study conducted on V. vinifera L. cv. Pinot noir in New Zealand, Jones et al.
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(2010) [12] observed no effect of pruning treatments on the current year or subsequent
year’s crop. Lastly, McGourty et al. (2010) [28] found that the removal of frost-damaged
shoots and associated tissues had no effect on return yield in V. vinifera L. cv. Cabernet
Sauvignon, though it did significantly increase the yield of V. vinifera L. cv. Chardonnay.
However, there was no influence on berry quality in either cultivar. In summary, numerous
previous studies conducted in various parts of the world and the United States on numerous
V. vinifera L. cultivars have indicated little-to-no effect of post-frost pruning treatments on
vine productivity and/or fruit quality.

The uniform recovery of vines in the second year, irrespective of post-frost man-
agement during the first year, could be attributed to the vine’s ability to compensate for
frost-injured primary growth with more photosynthetically efficient secondary growth.
In a frost-simulation field trial, Montague et al. (2020) [8] reported significantly greater
mid-day photosynthetic carbon assimilation and gas exchange rates in the leaves growing
from secondary buds compared to leaves from primary buds for two consecutive years
in V. vinifera L. cvs. Grenache and Cabernet Sauvignon. Even though pruning weights
were not measured during the 2024 dormant season, similar studies conducted by Jones
et al. (2010) [12], Jones et al. (2018) [23], and Ulmer and Skinkis (2020) [21] did not find an
effect of pruning methods on vine vegetative growth. Pruning treatments also lacked any
significant physiological impact on vine recovery during subsequent growing seasons [11].
This lack of influence of pruning method on vegetative growth could be attributed to
spur-pruned vines having numerous yet smaller shoots, while cane-pruned vines have
fewer but larger shoots.

4. Conclusions

The results of this study demonstrate that post-frost pruning treatments do not affect
the vine yield or berry composition in the following season, even when conducted on
severely frost-impacted, young grapevines. These findings corroborate numerous studies
across various wine regions and grapevine cultivars all over the world. Therefore, doing
no additional pruning or shoot removal on frost-affected vines may be the best practice
depending on the extent of damage.

Given the low fruit yield and added labor cost, post-frost vineyard management needs
to take into consideration the best potential cost–benefit outcome. Many basic agricultural
inputs (e.g., pesticides, fertilizer, water) can be reduced to match the significantly lower
crop level and altered farming objectives. On the other hand, if a vineyard is completely un-
managed post frost, it will lead to inoculum build-up that will increase disease pressure in
neighboring blocks and future years. Thus, it is worth emphasizing that frost-affected vines
should still be maintained at a minimum level to ensure long-term vineyard productivity
and economic viability.

Other more expensive labor inputs might be eschewed altogether. For example, canopy
management practices such as shoot thinning and leaf removal may not be warranted for
the same reasons. This would allow for reallocation of precious labor resources to other non-
affected and/or higher-value blocks. In conclusion, leaving frost-affected vines alone does
not weaken the vines in the following season and can save post-frost management costs.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/horticulturae10050505/s1, Figure S1: Average daily max-
imum (tmax) and minimum (tmin) air temperatures during 2022. The grey shaded area indicates
the daily temperature ranges throughout the year. The black arrow indicates the frost event that
initiated the study. “Frost line” is drawn at −2 ◦C according to Barlow, 2010 *; Figure S2: Injury to
the experimental vines recorded after the 15 April 2022 frost event. Table S1: Pearson’s correlation (r)
between the yield and berry composition parameters. Variables with significant correlation (p < 0.05)
are shown.

https://www.mdpi.com/article/10.3390/horticulturae10050505/s1
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