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the number of clusters produced by each vine (Table 2). Individual berry mass was
greatest for ‘Grenache’ vines grown from PST buds (Table 2). In fact, the berry mass of
PST ‘Grenache’ vines was 41% greater when compared to ‘Cabernet Sauvignon’ PST
vines, and 64%, and 33% greater when compared to ‘Cabernet Sauvignon’ SST, and
‘Grenache’ PST vines, respectively (Table 2). The number of clusters produced by each
vine was greatest for ‘Cabernet Sauvignon’ PST vines, while the number of clusters from
each vine were least for ‘Grenache’ SST vines (Table 2). Cluster mass for PST vines was
over 26% greater when compared to cluster mass of SST vines, and mass of ‘Grenache’
clusters was 52% greater when compared to fruit cluster mass of ‘Cabernet Sauvignon’
vines (Table 2). A similar treatment trend was found comparing fruit TSS. Vines exposed to
the SST treatment had lower TSS (11%) when compared to TSS of PST vines (Table 2).
While TSS of ‘Cabernet Sauvignon’ vines was less when compared to TSS of ‘Grenache’

vines (Table 2).

Table 2.

Effect of primary or secondary bud shoot growth on pruning weight, yield, and fruit quality
characteristics for Vitis vinifera ‘Cabernet sauvignon’ and ‘Grenache’ vines grown on 110R
rootstock at the Texas AgriLife vineyard in Lubbock, TX. Data was pooled from 2016 and 2017

growing seasons.

Treatment

Primary buds
Secondary buds
Cultivar

Cabernet sauvignon
Grenache
Treatment x Cultivar

Cabernet sauvignon x
primary

Grenache x primary

Cabernet sauvignon x
secondary

Grenache x secondary
Significance
Treatment

Cultivar

Treatment x Cultivar

Pruning
weight (g)

344.1aY
226.2b

357.3a

164.2b

P>F

0.0011
0.0001
0.1476

Yield

(9
vine™)

597.5a
2876b

445.6

439.4

0.0072
0.9552
0.6010

Ravaz
index

3.28
2.18

1.53b

3.93a

0.0518
0.0001
0.2124

Cluster
mass (g)

27.8a
206b

159b

325a

0.0001
0.0001
0.0021

Cluster
vine™!

33.5a

15.5¢
20.1b

10.3d

0.0001
0.0001
0.0438

Berry
mass (g)

0.64 c

1.08 a
0.39d

0.73b

0.0001
0.0001
0.0241

TSS?
(°Brix)

24.1a
216b

21.6

23.9

0.0307
0.0543
0.3291

“Total soluble solids; YLeast square means within columns followed by different letter are different by
Tukey-Kramer test (P < 0.05).
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Discussion

Each experiment year between 1 Apr. and 31 Oct. minimum air temperature dropped to
near freezing, or below on two occasions (Table 1). During the 2016 growing season, the
air temperature on the morning of 2 Apr. dropped to 0.1 °C. In addition, during the morning
of 28 Oct. 2017 air temperature was recorded at -2.0 °C. However, the minimum
temperature during the first growing season did not induce frost damage to vines, and
minimum temperature during the second growing season (2017) occurred post-harvest.
Mean, yearly precipitation within Texas High Plains AVA ranges from 41.4 to 63.7 cm
(Hellman et al. 2011), while the mean, annual precipitation for the experiment vineyard is
48.5 cm (National Oceanic and Atmospheric Administration 2020). Therefore, precipitation
each year of the experiment (Table 1) was less than mean annual precipitation. In addition,
the mean cumulative GDD (°C) for the Texas High Plains AVA ranges from 2,028 to 2,653
(Hellman et al. 2011). During the 2016 growing season, GDD accumulation was 2,779,
while 2017 GDD accumulation was 2,644 (Table 1). Although weather data during each
growing season of the experiment was near normal, weather data indicate variability from
one growing season to the next, which is typical for weather within the Texas High Plains
AVA, and throughout Texas (Kamas 2017). Over the past 20 years, the total number of
days (after Apr. 1) air temperature was at, or below -2.0 °C in Lubbock, County was 10.
However, during the same time period Terry County had 20 dates when air temperature
dropped to -2.0 °C, or below (Fig. 2). These data indicate late spring frost damage is more
likely to occur in Terry County (where most grapes in the High Plains AVA are grown)
compared to Lubbock County (where this experiment took place). In addition, although
temperatures < -2.0 °C during Apr. in Lubbock and Terry Counties appear to be
uncommon, Hellman et al. (2011), Townsend and Hellman (2014), and Kamas (2017)
indicate air temperatures below -2.0 °C during post bud-deacclimation may be detrimental
to growing grapes within the Texas High Plains AVA. Although recent crop loss data is not
available, Townsend and Hellman (2014) report crop loss data during a twenty-year (1999
—2010) period. For the Texas High Plains AVA, spring frost damage was the most reported
cause of crop loss (71 separate crop loss data reports from Lubbock County during this
time period were attributed to late spring frosts) (Townsend and Hellman 2014).

Because post-budbreak, late spring frosts are considered common for Texas High Plains
AVA vineyards, producers within the Texas High Plains AVA have implemented numerous
mitigation strategies to reduce crop loss due to late spring frosts (Kamas 2017, Lipe et al.
1992, Townsend and Hellman 2014). However, the risk of damage from late spring frosts
not only depends upon minimum air temperature and vine susceptibility, but also upon the
length of time vine structures (buds, shoots, or leaves) are exposed to the critical air
temperature (Friend et al. 2011). Johnson and Howell (1981a) indicate the critical
temperature is the lowest temperature a shoot may endure for 30 min or less without injury.
However, historical data collected for this report only indicate the minimum temperature
achieved each date, not the duration of the critical temperature. In addition, it is important
to note critical injury temperature is not just air temperature, but the temperature of the vine
structure’s surface (Barlow 2010). Vine structure (buds, shoots, or leaves) temperature
may be several degrees cooler when compared to air temperature (Trought et al. 1999),
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especially in semi-arid climates such as within the Texas High Plains AVA (Barlow 2010).
Therefore, using a critical air temperature of -2.0 °C for estimating the number of days over
the past 20 years grapevines within the Texas High Plains AVA were exposed to potential
late spring frost damage is likely an underestimation.

Under non-water stressed growing conditions, several authors directly compared leaf Py
and gs of ‘Grenache’ and ‘Cabernet Sauvignon’ vines. Bota et al. (2016) indicated field-
grown ‘Grenache’ and ‘Cabernet Sauvignon’ vines had similar Py, and gs. Tomas et al.
2012 grew ‘Grenache’ and ‘Cabernet Sauvignon’ vines in containers. Each year over three
growing seasons leaf Py, transpiration (E), and gs were found to be similar between
cultivars. Under semi-controlled conditions, Santesteban et al. (2009) report leaf Py, E, and
gs were greater for ‘Cabernet Sauvignon’ vines when compared to ‘Grenache’ vines. Daily
and overall leaf Py and g5 means for Santesteban et al. (2009) study appear to be similar
to previous studies (Bota et al. 2016, Tomas et al. 2012). Similar to Santesteban et al.
(2009), in our study, it is interesting to note during the first measurement date of the 2016
growing season (6 May), which was prior to initial SST pruning, Py and gs means were
greater for ‘Cabernet Sauvignon’ vines (data not shown). However, post SST pruning, leaf
Py and gg were greater for ‘Grenache’ vines when compared to ‘Cabernet Sauvignon’ vines
(Fig. 3).

A number of authors report the sensitivity of grape foliage, yield, or fruit quality to late
spring frosts and damage to primary buds (Friend et al. 2011, Moyer et al. 2018, Centinari
et al. 2016, Frioni et al. 2017, Stafne and Puckett 2011, Evans et al. 2019, Jones et al.
2010). However, previous research does not indicate leaf gas exchange response
differences between foliage grown from primary and secondary buds. Because vine
damage in response to late spring frosts is common worldwide (Townsend and Hellman
2014, Centinari et al. 2016, Davenport et al. 2008, Evans et al. 2019, Friend et al. 2011,
Frioni et al. 2017, Stafne and Puckett 2011), understanding vine gas exchange parameters
after a late spring frost may be a critical vineyard management tool. This appears to be the
first research distinguishing leaf Py and gg differences between primary and secondary
shoots. Why SST and PST leaf Py and gs differed is confounding, and unclear. Although
treatment differences were not found prior to initiation of SST during the 2016 growing
season (data not shown), treatment differences in leaf Py and gs were displayed each
growing season (Fig. 3). Vine leaf gas-exchange response to daily microclimate conditions
(air temperature, vapor pressure deficit, wind speed, etc.) can vary with cultivar (Merli et al.
2015a, Merli et al. 2015b), and microclimate variability between measurement dates
occurred (Table 1) (National Oceanic and Atmospheric Administration 2020). Grape leaf
gas-exchange may also be influenced by vine water status (Chaves et al. 2007, Padgett-
Johnson et al. 2003, Pou et al. 2008), leaf age (Kreidemann et al. 1970, Poni and Giachino
2000, Schultz et al. 1996), leaf shoot position (Poni et al. 1994), ratio of leaf area to fruit
demand (source to sink ratio) (Petrie et al. 2000, Poni and Giachino 2000), and leaf
exposure to sunlight (Chiarawipa et al. 2012). Although vine water status was not directly
measured, because experimental SST vines were irrigated with the same volume as PST
vines, experimental vines would not have been exposed to water stress. In addition, leaf
gas exchange means from this study appear to be similar when compared to leaf gas
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exchange data from previous studies of irrigated vines (Bota et al. 2016, Santesteban et al.
2009, Tomas et al. 2012).

Petrie et al. 2000 demonstrate throughout the growing season grapevine leaf Py (source)
increases or decreases as sink (fruit) demand increases or decreases. Therefore, lower
TSS levels in SST fruit possibly increased carbohydrate demand (amplified leaf Py) in SST
vines when compared to TSS levels in fruit of PST vines (Petrie et al. 2000). Schuliz et al.
(1996) and Poni et al. 1994 indicate maximum leaf Py and g occur when grape leaves are
30 to 40 days old. In addition, late in the growing season, a reduction of maximum Py
occurs simultaneously in sun and shade leaves regardless of leaf physiological age
(Schultz et al. 1996). Furthermore, depending upon vine phenology greater leaf gas-
exchange occurs on basal leaves near clusters (pre-veraison), or apical leaves positioned
near shoot tips (post-veraison) (Poni et al. 1994). Because SST vines lost early shoot
growth and had to replace removed shoots and leaves, throughout the growing season it is
likely foliage used to estimate gas exchange on SST vines was younger when compared to
foliage of PST vines. Therefore, it is probable greater leaf Py and gg values found in SST
treated vines may be attributed to fruit of SST vines having a greater demand for
carbohydrates, and SST vines having newer shoots, and therefore younger leaves
throughout each growing season when compared to PST vines (Kreidemann et al. 1970,
Poni et al. 1994, Schultz et al. 1996, Petrie et al. 2000).

During the initial measurement date of the 2016 growing season (6 May), which was prior
to SST pruning, mean WUE, was lower for ‘Cabernet Sauvignon’ leaves when compared to
‘Grenache’ leaves (data not shown). However, post SST pruning WUE, was not different
between cultivars (Fig. 3). This confirms research by Tomas et al. (2012) but differs from
Santesteban et al. (2009), and Bota et al. (2016) who found WUE, of ‘Cabernet Sauvignon’
leaves were greater when compared to WUE, from leaves of ‘Grenache’ vines. In addition,
substantial differences in grapevine cultivar WUE,| have been described. Tomas et al.
(2014), and Bota et al. (2016) report a compilation of WUE, for approximately 80 different
grapevine cultivars. Their results indicate WUE, of non-water stressed ‘Grenache’ and
‘Cabernet Sauvignon’ vines were slightly greater than most other cultivars examined, and
their data compare favorably to our data. Grapevines are cultivated in many different soil
types and climates, and under numerous environmental (solar radiation, temperatures,
precipitation, soil moisture levels etc.) conditions. Therefore, it is likely genetic WUE;
variability described in this study between ‘Cabernet Sauvignon’ and ‘Grenache’, and
variability described by other authors (Bota et al. 2016, Tomas et al. 2012, Santesteban et
al. 2009) is due to prevailing environmental conditions at each measurement date (Tomas
et al. 2014). For example, Tomas et al. (2012) describe WUE, of ‘Cabernet Sauvignon’ and
‘Grenache’ vines under differing soil moisture scenarios. They report under deficit irrigation,
WUE;, increased for ‘Grenache’ and ‘Cabernet Sauvignon’ vines when compared to non-
stressed vines. Others (Chaves et al. 2007, Bota et al. 2016, Santesteban et al. 2009, Merli
et al. 2015a) report similar results.

Similar to Py and gg data, this appears to be the first study comparing WUE | between
leaves grown from grapevine primary and secondary shoots. However, unlike leaf Py and g
s means, WUE, differences between SST and PST vines were not found (Fig. 3). Because
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grapevine leaf Py and gs are clearly coupled (Chaves et al. 2007), WUE, allows
comparison of leaf-level WUE at comparable evaporative demand (Flexas et al. 2010).
Since WUE, is calculated from the ratio of Py to gs, although Py and gs were greater in
SST leaves the ratio of Py to gs did not differ between PST and SST leaves (Fig. 3). In
addition, WUE, for PST and SST vines was comparable to WUE, for non-water stressed
‘Grenache’ and ‘Cabernet Sauvignon’ vines, and reports from previous research (Bota et
al. 2016, Tomas et al. 2014). An aditional indication vines were healthy, and not lacking in
soil moisture throughout each growing season.

It is a commonly understood pruning weight data from shoots grown from Vitis spp.
secondary buds are less when compared to pruning weight data of shoots grown from vine
primary buds (Creasy and Creasy 2018). However, few studies directly compare pruning
weight data from primary and secondary bud shoots. Jones et al. 2010 indicate pruning
weights from 20 year old, spur pruned ‘Pinot Noir’ vines grown from secondary buds had
47% less mass when compared to vines grown from primary buds. In addition, the mean
shoot length (a representation of pruning weight) of shoots grown from primary buds of five
year old, interspecific hybrid (MN 1094 x Ravat 262 ‘Marquette’) vines were 28% greater
when compared to the mean shoot length of shoots grown from secondary buds (Frioni et
al. 2017). These results are analogous to our data in which mean pruning weights from
shoots grown from PST buds was approximately 34% greater when compared to mean
pruning weights of shoots grown from SST buds (Table 1).

In addition to lower pruning weights, mean vine yield was less for shoots from SST buds
when compared to yield from shoots of PST buds (Table 1). Once again, there is abundant
information in the literature which indicates a decrease in yield would be expected when
primary buds are damaged during late spring frosts, and vineyard yield is dependent upon
secondary bud fertility (Barlow 2010, Friend et al. 2011, Frioni et al. 2017, Jones et al.
2010, Kamas 2017, Kasimatis and Kissler 1974, Stafne and Puckett 2011). Low fruitfulness
of secondary buds is likely related to the lack of dormant inflorescence primordia found in
secondary buds of V. vinifera cultivars (Sanchez and Dokoozlian 2005). However, in most
regions after a late spring frost, the survival of a certain percentage of primary buds is
common (Frioni et al. 2017). Barlow (2010) and others (Friend et al. 2011, Frioni et al.
2017) report reduced yields from secondary bud growth may range from 10 to 70% of
primary bud yield. Similar reports for yield reductions during years with late spring frosts
(and a high percentage of primary buds are eliminated) are reported by Texas High Plains
AVA grape growers (T. Montague, personal communication). Therefore, vineyard yield
following a late spring frost is generally not entirely dependent upon secondary bud
survival. Across PST and SST vines, our data indicate yield differences were not found
between ‘Cabernet Sauvignon’ and ‘Grenache’ vines (Table 1). Whether shoots from
secondary buds exhibit greater, or lesser yield compensation is likely cultivar dependent
(Friend et al. 2011). For example, Kasimatis and Kissler (1974) report yield compensation
from shoots of primary and secondary buds differed between ‘Tokay’ and ‘Carignane’
vines. Additional reports of primary and secondary bud yield differences between cultivars
have been published by Sanchez and Dokoozlian (2005), and Dry (2000).
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The ratio of yield weight to pruning weight (Ravaz Index) is often used as an expression of
crop load to indicate vine balance (Reynolds and Heuvel 2009). For V. vinifera cultivars,
crop loads in the range of 5 to 10 are often the goal (Bravdo et al. 1984, Bravdo et al.
1985), but crop load is known to differ with cultivar, training system, climate, and soil type
(Reynolds and Heuvel 2009, Scheiner et al. 2020). For many grape cultivars, it is thought
crop loads above 12 (over-cropping) delay fruit maturation, and reduced wine quality
(reduced color, titratable acidity, and proline concentrations) (Bravdo et al. 1984, Bravdo et
al. 1985). In the current study, yield and pruning weights of PST shoots were greater when
compared to yield and pruning weights of SST shoots. However, the ratio of yield to
pruning weight did not differ between PST and SST vines. For numerous grape cultivars,
previous work indicates an increase in crop load ratio is mainly related to an increase in
vine yield, and a decrease in vine pruning weight (Bravdo et al. 1984, Bravdo et al. 1985,
Reynolds and Heuvel 2009, Scheiner et al. 2020). However, for PST vines greater yield
was found on vines with greater pruning weights (Table 2). Nonetheless, this was not the
case with ‘Grenache’ vines. Compared across all bud treatments, ‘Grenache’ vines had
lower pruning weights when compared to ‘Cabernet Sauvignon’ vines, but ‘Grenache’ and
‘Cabernet Sauvignon’ yield was similar. When compared to SST vines, PST vines had
greater vigor and were more fruitful. These data are an indication of the propensity of
primary buds to produce greater shoot growth, and have greater bud fertility when
compared to secondary bud characteristics (Dry 2000, Friend et al. 2011, Jones et al.
2010).

Based on crop load data, vines in this study were under cropped (Table 2). When
extrapolated by row and vine spacing, the average yield for each vine treatment or cultivar
is calculated as 1,072, 517, 800, and 790 kg/ha for PST, SST, ‘Cabernet Sauvignon’, and
‘Grenache’ vines, respectively. As discussed previously, greater crop loads tend to impose
unfavorable characteristics on fruit and most wine grape cultivars (Reynolds and Heuvel
2009). Research on fruit and wine characteristics from vines with crop loads lower than 5.0
indicate few differences when compared with vines with crop loads between 7.0 and 10.0.
Kasimatis (1977) reports when Zinfandel crop loads were reduced to 4.3, there were no
differences in wine aroma quality, or taste intensity when compared to wines made from
vines with crop loads of 7.5 to 10.0. In addition, Weaver et al. 1961 report ‘Carignane‘ and
‘Grenache’ vines with crop loads lower than 5.0 did not differ in fruit or wine quality
characteristics when compared with vines with crop loads between 5.0 and 10.0 (Bravdo et
al. 1984).

For all vines, overall yield was closely related to cluster mass (PST and ‘Grenache’ vines
produced clusters with greater mass), the number of clusters produced from each vine
(‘Cabernet Sauvignon’ PST vines produced the greatest number of clusters, while
‘Grenache’ SST vines produced the least number of clusters), and berry mass (largest
berries were produced by ‘Grenache’ PST vines, and smallest berries were produced by
‘Cabernet Sauvignon’ SST vines) (Table 2). It is interesting to note when comparing yield
characteristics across cultivars and bud treatments, although ‘Cabernet Sauvignon’ and
‘Grenache’ had similar yield, ‘Grenache’ clusters had greater mass and tended to have a
fewer number of clusters from each vine when compared to ‘Cabernet Sauvignon’ vines. In
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addition, ‘Grenache’ vines produce larger berries when compared to berries from ‘Cabernet
Sauvignon’ vines (Table 2). When compared to shoots grown from primary buds, smaller
clusters from shoots grown from secondary buds is well documented, and has been
partially attributed to lower TSS, and delay in SST fruit maturity (Dry 2000, Friend et al.
2011). However, others have found clusters, berry mass, and berry weight of fruit grown
from secondary buds and primary buds did not differ (Barlow 2010, Evans et al. 2019,
Friend et al. 2011, Jones et al. 2010, Stafne and Puckett 2011). Our data indicate crop load
and yield (including cluster mass, clusters produced from each vine, and berry mass)
response to SST and PST tends to be cultivar specific and relates well to previous
research (Evans et al. 2019, Friend et al. 2011, Jones et al. 2010, Sanchez and Dokoozlian
2005, Stafne and Puckett 2011). In addition, it appears SST bud growth had a greater
influence on vine yield than SST bud growth had on vine pruning weights. Compared to
PST pruning weights, SST bud pruning weights were reduced 34%, while SST yield was
reduced 54% when compared to PST yield (Table 2).

Although WUE;, did not differ between SST and PST leaves, or ‘Grenache’ and ‘Cabernet
Sauvignon’ leaves (Fig. 3), long term plant water use efficiency (defined as the ratio of
biomass accumulation or yield, and irrigation volume applied to the vine during the growing
season) (Merli et al. 2015b) does appear to differ between cultivars and bud treatments.
Although the total irrigation volume applied to each vine is not known, based upon the
experimental design and vineyard management practices the same volume of irrigation
was applied to each vine regardless of bud treatment, or cultivar. Therefore, indirect
comparisons of long term plant water use efficiency (WUE|) are appropriate. Based upon
pruning weight and yield data, over the course of two growing seasons the trend is PST
vines had greater WUE, when compared to SST vines (PST vines had greater yield and
pruning weights), and WUE, for ‘Grenache’ vines tended to be greater when compared to
‘Cabernet Sauvignon’ vines (‘Grenache’ had similar yield with lower pruning weights when
compared to ‘Cabernet Sauvignon’ vines) (Table 2). Although WUE; is frequently estimated
on grapevines to determine vine adaptation to water stress, the correlation between leaf-
level water use efficiency (WUE,) and WUE, in regard to vine drought tolerance, vine yield,
or vine biomass accumulation is not consistent (Merli et al. 2015a, Merli et al. 2015b,
Padgett-Johnson et al. 2003, Moutinho-Pereira et al. 2007). In fact, Tomas et al. (2014)
concluded WUE, is not a dependable estimate to predict vine adaptation to a given
environment. Canopy structure, night transpiration, and respiration are factors involved in
the estimation of WUE|, but these factors are not considered when calculating WUE,
(Tomas et al. 2012, Tomas et al. 2014).

Fruit quality (TSS) differed for berries from PST and SST shoots, and there was a trend for
‘Grenache’ berries to have greater TSS when compared to ‘Cabernet Sauvignon’ berries
(Table 2). Kasimatis and Kissler (1974) indicate TSS for berries from primary and
secondary buds did not differ for ‘“Tokay’, ‘Carignane’, ‘Zinfandel’, ‘Chenin Blanc’, and
‘Grenache’ vines. However, titratable acidity was greater for berries from secondary bud
growth. Total soluble solids of fruit grown from secondary and primary buds of the
interspecific hybrid vine MN 1094 x Ravat 262 ‘Marquette’ differed from veraison until just
prior to harvest (approximately 25 days). However, TSS of fruit from primary and
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secondary buds was not different when measured at harvest (Frioni et al. 2017). In the
same study, results from veraison through harvest indicate pH was lower, and titratable
acidity greater for juice from secondary buds when compared to juice from primary buds. In
contrast, Jones et al. (2010) found ‘Pinot Noir’ fruit from secondary buds had lower TSS
when compared to fruit from primary buds. Current and previous research indicates the
maturation of fruit from secondary buds is likely to be delayed when compared to the
maturation of fruit from primary buds (Barlow 2010). Even though in the current study
leaves from secondary shoots had greater Py when compared to leaves from primary
shoots (Fig. 3), the need to replace shoots, leaves, inflorescences, and fruit lost from late
spring frosts likely redirects carbon partitioning, and further stresses limited vine
carbohydrate reserves (Stafne and Puckett 2011, Trought et al. 1999). In addition, the
amount of sunlight received by primary buds has been shown to have a significant effect
on size inflorescence primordia (Sanchez and Dokoozlian 2005). However, the quantity of
sunlight does not appear to have an influence on the size of the inflorescence primordia of
secondary buds (Dry 2000, Sanchez and Dokoozlian 2005). Therefore, when compared to
berries from primary buds, berries from secondary buds are likely less of a sink for
carbohydrates produced from leaf Py reactions. Furthermore, following a late spring frost
many vineyards are likely to have vines with fruit produced from primary and secondary
buds. Trought et al. (1999) suggest when primary bud shoots remain viable following a late
spring frost event the smaller secondary bud crop load may ripen and mature faster when
compared to the larger, undamaged primary crop load. Therefore, following late spring
frosts in vineyards with shoots from primary and secondary buds, there is likely to be
variability in fruit maturity across the vineyard block, which will result in harvest and
management challenges (Barlow 2010, Evans et al. 2019, Jones et al. 2010).

Conclusion

Vineyards within the Texas High Plains AVA are subjected to yield losses and management
challenges associated with late spring frosts. In response to selective pruning, gas-
exchange, growth, and fruitfulness of shoots produced by secondary buds of ‘Grenache’
and ‘Cabernet Sauvignon’ grapevines were compared to shoots grown from primary buds
of the same cultivars. This report concurs with previous work which indicates yield, and
fruit quality generally suffers when wine grape primary buds are damaged due to late
spring frosts. However, it appears this report is the first to conclude that when compared to
leaves produced from primary shoots, gas-exchange is greater for leaves produced from
secondary shoots. In addition, although, vine vigor, bud fertility and yield data were lower
than commonly found within Texas High Plains AVA vineyards, trends for PST, SST,
‘Grenache’, and ‘Cabernet Sauvignon’ yield indicate even though ‘Grenache’ and
‘Cabernet Sauvignon’ vines had similar yields across PST and SST treatments, PST, SST,
and cultivar had an interactive effect on clusters produced from each vine and individual
berry mass. Data indicate ‘Grenache’ (smaller fruit and greater berry mass), and ‘Cabernet
Sauvignon’ (larger fruit and lower berry mass) vines responded differently to PST and SST
treatments. To better understand grapevine cultivar interactions with late spring frost
damage within vineyards on the Texas High Plains AVA, possible future research may
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include post late spring frost vineyard survival and fertility surveys of commonly grown
grape cultivars within the Texas High Plains AVA. Vineyard management before and
following late spring frosts is critical for current, and future vineyard productivity.
Viticulturists within the Texas High Plains AVA now have additional information that may
assist them when making these crucial vineyard management decisions.
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