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 Summary
Carbohydrate competition within reproductive 

(fruiting) uprights has been proposed to explain low 
fruit set and biennial bearing tendencies of cranberry 
(Vaccinium macrocarpon). Yet, comparisons of 
nonstructural carbohydrate concentrations during 
critical phenological stages across cultivars that differ 
in biennial bearing tendencies and return bloom 
potential are lacking. This study sought to address 
this deficiency by comparing total nonstructural 
carbohydrates (TNSC), soluble sugars (SS), and starch 
concentrations across cultivars that reportedly differ 
in biennial bearing tendencies and return bloom 
potential. Plant material representing ‘Grygleski 
Hybrid 1’ (‘GH1’), ‘Stevens’, and ‘HyRed’ were 
collected from a commercial cranberry marsh located 
in central Wisconsin. Concentrations of sucrose, 
glucose, fructose, and starch were determined via 
high-performance liquid chromatography. Vegetative 
uprights generally had greater concentrations of 
carbohydrates relative to reproductive uprights, 
while roots had the lowest concentration across 
all cultivars. Concentrations of TNSC and SS in 
reproductive uprights were lowest on 30 July 2013, 
which corresponds to late bloom/early fruit set and 
terminal bud development. ‘Stevens’ and ‘HyRed’ 
TNSC and SS concentrations subsequently increased 
after this period, whereas concentrations remained 
low in ‘GH1’. Return bloom potential was lower in 
‘GH1’ relative to ‘Stevens’ and ‘HyRed’. These findings 
support the explanation that carbohydrate limitation 
in reproductive uprights may contribute to biennial 
bearing by reducing the potential for return bloom.
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Significance of this study
What is already known on this subject?
• Cranberries exhibit biennial bearing, but the 

physiological mechanisms responsible for this 
phenomenon have undergone limited study.

What are the new findings?
• Cultivars with higher return bloom potential had 

greater concentrations of carbohydrates than those 
with low return bloom potential during critical 
sampling periods.

What is the expected impact on horticulture?
• Results suggest techniques that increase plant 

nonstructural carbohydrate status may also enhance 
return bloom and circumvent biennial bearing.
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Introduction
The American cranberry (Vaccinium macrocarpon Ait.) 

is a woody perennial native to northeastern continental 
America (Eck, 1990). Plants are evergreen and produce both 
low-growing runners and vertical shoots, known as uprights. 
Uprights are either reproductive (fruiting) or vegetative 
(nonfruiting) and both types of growth develop a terminal 
bud. Terminal bud development is initiated in late June to 
July and these buds may be vegetative or mixed (DeVetter et 

al., 2013; Roberts and Struckmeyer, 1943). Vegetative buds 
only contain a leaf-producing meristem, whereas mixed buds 
contain both a meristem and flower initials that have the po-
tential to contribute to next year’s crop.

Previous research has demonstrated that individual up-
rights exhibit biennial bearing tendencies (Eaton, 1978). 
Specifically, reproductive uprights have a lower probabili-
ty of developing mixed buds and setting fruit the following 
year relative to vegetative uprights. Resource-competition 
within an upright has been proposed to explain the disparity 
between cranberry’s low fruit set relative to flower number, 
but it has also been provided as an explanation for patterns 
of biennial bearing (Baumann and Eaton, 1986; Brown and 
McNeil, 2006; Strik et al., 1991). Leaf removal and shading 
studies have supported this explanation by showing fruit 
production and bud development are reduced by activities 
that limit photosynthesis (Patten and Wang, 1994; Roper et 
al., 1994, 1995). Additional analyses of nonstructural carbo-
hydrates have shown that carbohydrate concentrations are 
at their lowest during flowering, fruit set, and fruit devel-
opment (Birrenkott et al., 1991; Hagidimitriou and Roper, 
1994). These periods, particularly fruit set and berry devel-
opment, also corresponds to flower initiation and terminal 
bud development, which further suggests that a limitation 
of carbohydrates may be responsible for lack of mixed bud 
development on reproductive uprights and contribute to bi-
ennial bearing.

The objective of this study was to evaluate and compare 
nonstructural carbohydrate concentrations across cranber-



322 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

DeVetter et al.  |  Carbohydrates influence return bloom in cranberry

ry cultivars that differ in biennial bearing tendencies. The 
hypothesis for this study is that there is a positive relation-
ship between nonstructural carbohydrate concentrations in 
cranberry uprights and return bloom potential. Early trials 
with tree fruits, including apple (Malus ×domestica) and cit-
rus (Citrus spp.), have indicated diversion of carbohydrates 
between competing sinks may contribute to biennial bearing 
(Goldschmidt et al., 1985; Harley, 1925). Nonstructural car-
bohydrates include simple soluble sugars, as well as sugars 
released through starch hydrolysis from stored carbohydrate 
reserves, and are important for plant growth and develop-
ment through their support of plant metabolism. One of the 
primary functions of simple soluble sugars is to provide a 
substrate for cellular respiration. Glucose and fructose are 
examples of monomeric simple sugars and are categorized 
as monosaccharides. Sucrose consists of both glucose and 
fructose and is considered a disaccharide. Other saccharides 
of variable sizes can be found as soluble sugars in plant tis-
sues, including raffinose and stachyose in cranberry (Birren-
kott et al., 1991).

Previous research evaluating seasonal and develop-
mental changes of nonstructural carbohydrates has been 
valuable in elucidating how these forms of carbohydrates 
change over time (Birrenkott et al., 1991; Hagidimitriou and 
Roper, 1994). However, these studies did not consider bien-
nial bearing tendencies and utilized traditional cultivars that 
may not reflect the properties of newer cultivars that are in-
creasingly being put into production. For example, increased 
return bloom has been noted among several recent cultivar 
releases and this characteristic has the potential to enhance 
yields by circumventing traditional biennial bearing tenden-
cies through continuous mixed bud development (DeVetter 
et al., 2013). Other recent cultivar releases have high yield 
potential due to increased fruit set, despite possibly having 
low return bloom potential. Given the productive capacity of 
these new cultivars and ability to continuously form mixed 
buds, additional evaluations of carbohydrates will provide 
valuable insight on the physiology of how these plants are 
able to circumvent traditional biennial bearing tendencies.

Materials and methods
Samples were collected from a commercial cranberry 

marsh located in Juneau County, Wisconsin, United States 
of America. Cultivars included in the study were ‘Stevens’, 
‘HyRed’, and ‘Grygleski Hybrid 1’ (‘GH1’). ‘HyRed’ and ‘GH1’ 
represent newer cultivars released in 2003 and 2004, respec-
tively, whereas ‘Stevens’ is an established cultivar released in 
1950. All data were collected from three adjacent beds, each 
representing one of the three evaluated cultivars. Individual 
bed size was approximately 1.3 ha. The beds were newly es-
tablished, with ‘Stevens’ and ‘HyRed’ being planted in 2005 
and ‘GH1’ in 2006. Management across the beds was similar 
and representative of commercial production (Roper, 2008).

Collection of plant material for carbohydrate analysis 
occurred during the 2013 growing season and targeted the 
following phenological stages with dates of collection in 
parenthesis: 1) prebloom (roughneck and hook stages; 4 
June), 2) full bloom (2 July), 3) late bloom/early fruit set and 
terminal bud initiation and development (30 July), 4) fruit 
and continued terminal bud development (27 Aug.), 5) fruit 
harvest (19 Sept.), and 6) postharvest (30 Oct.) (DeVetter 
et al., 2013; Workmaster et al., 1997). The stages of termi-
nal bud initiation and development were selected based on 
visual observations and the previous study by DeVetter et 
al. (2013), who observed flower initiation to first occur on  

29 July 2011 and 10 July 2012 [290 and 322 Growth Degree 
Days (GDD), respectively]. Cultivars did not progress through 
their phenology at equal rates and ‘HyRed’ was found to be 
seven-to-ten days more advanced than ‘GH1’ and ‘Stevens’. 
All cultivars were still sampled on the same date regardless 
of slight phenological differences because they were at ap-
proximately the same developmental stage with respect to 
our designated sampling periods. Fruit were also collected 
on 19 Sept. and subject to carbohydrate analysis. 

On each collection date, three cores measuring 10.8 cm 
in diameter and 18.5 cm in depth (soil depth) were collect-
ed per cultivar bed. Each bed was divided into three equal 
sections and one core was randomly collected per section on 
each sampling date. Edge-effects were avoided by sampling 
within 3 meters of the edge. Sampling occurred mid-to-late 
morning (between 10 am and 11 am) and was consistent 
throughout the duration of the study in order to minimize 
variation due to time of sample collection. Cores included the 
entire biomass of uprights, runners, and roots. Intact cores 
were placed in plastic bags (3.8 L in volume; one core per 
bag) and immediately placed on ice before being stored at 
4°C until sample preparation. Preparation occurred with-
in 48 h after collection in order to minimize respiration of 
plant carbohydrates and to maintain experimental consis-
tency. Preparation included separation of reproductive from 
vegetative uprights, as well as root washing. Whole shoots 
of uprights were examined, as there was insufficient materi-
al to examine only terminal buds. Upright material included 
current- and previous-season growth. Prior to bloom, the 
presence of persistent pedicles from the previous year was 
used to distinguish reproductive from vegetative uprights. 
Roots were gently washed in tap water and care was taken to 
maintain fine roots. Few runners were collected throughout 
the experiment and were not included in any of the analyses. 
All material was subsequently dried at 80°C until constant 
weight, after which samples were ground with a 40-mesh 
Wiley mill.

Plant growth and yield data were collected from three 
randomly placed quadrats per bed. Each quadrat measured 
300 cm2. Data collected includes upright density, percentage 
of reproductive uprights, berry number per upright, total 
berry number, total yield, and mean berry weight. The po-
tential for return bloom was assessed from a random sample 
of one hundred uprights per cultivar bed collected on 3 Sept. 
2013. Uprights were separated based on upright status (veg-
etative or reproductive), corresponding terminal buds were 
dissected, and the presence/absence of flower initials were 
determined using a dissecting microscope, as described by 
DeVetter et al. (2013). The presence of flower initials within 
the buds of reproductive uprights was used as a proxy for 
return bloom potential. High-performance liquid chromatog-
raphy (HPLC) was used to determine the concentrations of 
sucrose, glucose, fructose and starch from sampled tissues 
(raffinose was also detected in the samples, but concentra-
tions are not reported). These measurements permitted 
determination of total nonstructural carbohydrates (TNSC), 
soluble sugars (SS), and starch. Carbohydrates were extract-
ed from 100 mg of ground tissue per sample with an 80% 
ethanol solution and followed the protocol outlined by Bo-
telho and Vanden Heuvel (2005). Sorbitol (0.06 g 100 mL-1 
of 80% ethanol) was used as the internal standard. Collect-
ed filtrates were passed through a sterile plastic syringe fil-
ter with a 4 mm membrane diameter and 0.2 μm pore size 
(Corning®, North Bend, OH) before injection into the HPLC 
(Prominence UFLC; Shimadzu, Kyoto, Japan). A Rezex™ 
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RCM-Monosaccharide Ca+2 column was used for separation 
of soluble sugars (Phenomenex; Torrence, CA). Runs were 
isocratic, with a mobile phase of 80°C HPLC-grade water and 
refractive index detector at 40°C.

Data were analyzed in SAS (SAS Version 9.2; SAS Insti-
tute, Cary, NC), with the General Linear Model (GLM) proce-
dure used for analysis of variance (ANOVA). Tests of signifi-
cance were done at α = 0.05 using a least-squares mean (ls-
means) option with a Tukey-Kramer adjustment for multiple 
comparisons. Carbohydrates were compared across cultivars 
within a given tissue type (vegetative uprights, reproductive 
uprights, or roots) and sampling time. Postharvest samples 
were impacted by the implementation of an unannounced 
postharvest flood in ‘GH1’, which contributed to increased 
carbohydrate concentrations in this cultivar relative to ‘Ste-
vens’ and ‘HyRed’. Postharvest data were analyzed and are 
discussed, but are not included in the presented figure.

Results
Carbohydrate concentrations were generally greater 

within vegetative uprights relative to reproductive uprights 
(Figure 1). Concentrations of TNSC ranged from 9.7% to 
12.6% in vegetative uprights and 8.5% to 11.5% in repro-
ductive uprights during the first sampling period, which 
corresponds to prebloom. Concentrations gradually declined 

following this phenological stage as plants advanced towards 
bloom. An exception to this trend was observed for TNSC and 
starch concentrations of ‘GH1’ upright tissues, as well as all 
measured carbohydrates in ‘GH1’ root tissues. Vegetative up-
rights of ‘GH1’ generally had greater TNSC and SS concen-
trations, with ‘HyRed’ and ‘Stevens’ having the lowest con-
centrations of TNSC in July and August, respectively. These 
periods correspond to terminal bud initiation and develop-
ment. Starch concentrations fluctuated less than TNSC and 
SS, but were greater in ‘Stevens’ during the June and late July 
sampling periods and lowest in ‘HyRed’ during the early July 
sampling period.

Reproductive uprights of ‘Stevens’ and ‘HyRed’ also ex-
perienced a decline in TNSC concentrations as plants tran-
sitioned from prebloom to full bloom. ‘HyRed’ experienced 
the greatest decrease in TNSC concentrations following pre-
bloom. Lower SS and starch concentrations were also ob-
served in ‘HyRed’ reproductive uprights during this period. 
Concentrations of TNSC and SS in ‘Stevens’ and ‘HyRed’ were 
at their lowest during late bloom/early fruit set and terminal 
bud initiation, but began to increase thereafter. ‘GH1’ TNSC 
and SS continued to decrease following this phenological 
stage and were lower than ‘Stevens’ and ‘HyRed’ during the 
August and September sampling periods. Seasonal changes 
in starch concentrations among reproductive uprights were 

Figure 1. Total nonstructural carbohydrates (TNSC) (A-C), soluble sugars (D-F), and starch (G-I) concentrations in vegetative 
uprights (left), reproductive uprights (middle), and roots (right) of ‘Grygleski Hybrid 1’ (‘GH1’), ‘Stevens’, and ‘HyRed’ 
cranberry. Samples were collected from a commercial cranberry marsh located in Wisconsin during the 2013 season. Sample 
collection corresponded to the following phenological stages with dates of collection in parentheses: prebloom (4 June), full 
bloom (2 July), late bloom/early fruit set and terminal bud initiation and development (30 July), fruit and continued bud 
development (27 Aug.), and fruit harvest (19 Sept.). Bars denote standard error and periods marked with an asterisk indicate 
concentrations were different within a sampling period at P ≤ 0.05.

G H I
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similar to vegetative uprights, with ‘Stevens’ having greater 
concentrations during the prebloom stage and ‘HyRed’ hav-
ing lower concentrations during full bloom.

Roots had overall lower concentrations of TNSC, SS, and 
starch relative to upright tissues. Patterns of carbohydrate 
changes within roots were similar to upright tissues and 
were not different across cultivars. An exception to this was 
found during the full bloom sampling period, in which ‘GH1’ 
had greater concentrations of TNSC and SS than either ‘Ste-
vens’ or ‘HyRed’. No differences in carbohydrate concentra-
tions were detected within the fruits. Mean concentrations 
of fruit TNSC, SS, and starch were 36.3%, 33.4%, and 2.9%, 
respectively.

Analysis of plant growth and yield data also show culti-
vars differ in measured yield components, specifically up-
right density, berry number per upright, and mean berry 
weight (Table 1). Upright density was greatest in ‘Stevens’ 
and lowest in ‘HyRed’, while berry number per upright was 
greatest in ‘GH1’ and ‘HyRed’. Note that berry number per 
upright is reported to the tenth decimal position in order to 
numerically demonstrate statistical differences. However, 
rounded means of berry number per upright across all culti-
vars is two berries per upright. Thus, detection of a statistical 
difference may not be biologically significant in the context 
of this study. Mean berry weight was greatest in ‘Stevens’. 
However, percentage of reproductive uprights, total berry 
number, and overall yields were the same across the sur-
veyed cultivars.

Discussion
Seasonal patterns of carbohydrate changes were similar 

to previous reports (Birrenkott et al., 1991; Hagidimitri-
ou and Roper, 1994). Hagidimitriou and Roper (1994) ob-
served TNSC concentrations were greatest in late May, prior 
to bloom, and started to decline shortly after bloom. In that 
particular study, concentrations remained low throughout 
bloom, fruit set, terminal bud initiation, and during the de-
velopment of fruit and terminal buds. The investigators then 
observed an increase in TNSC and SS concentrations later 
in the season as ripening slowed and plants transitioned to 
dormancy, and the pattern was similar across years. TNSC, 
SS, and starch were also greater in vegetative uprights rela-
tive to reproductive uprights in the Hagidimitriou and Roper 
(1994) study. A large increase of starch early in the season 
was not observed in our study, whereas it was in the Hagi-
dimitriou and Roper (1994) study, which we attribute to 
later sample collection in our study. We specifically focused 

sampling efforts to correspond to phenological stages oc-
curring from June to October. Additionally, because carbohy-
drates (including starch) were not monitored in years pri-
or to the study, we are unable to draw conclusions if any of 
the observed differences were at all related to differences in 
starch accumulation from previous years. 

Cultivar effects in seasonal carbohydrate changes were 
observed throughout the course of the experiment. Cultivar 
effects were also detected in the study by Hagidimitriou and 
Roper (1994), in which higher-yielding ‘Stevens’ had greater 
overall carbohydrate concentrations throughout the season 
when contrasted to lower-yielding ‘Searles’. ‘Searles’ also has 
lower return bloom potential with only 5.6% of reproductive 
uprights exhibiting the potential to flower/fruit in consecu-
tive years (DeVetter et al., 2013). ‘GH1’ similarly was found to 
have low return bloom potential and concentrations of TNSC 
and SS were lower within reproductive uprights during the 
August and September sampling periods (Table 1, Figure 1). 
Similar declines in carbohydrate concentrations were not 
observed in vegetative uprights of ‘GH1’ (Figure 1). These 
relationships suggest reduced carbohydrate concentrations 
during and following fruit and terminal bud initiation and 
development in reproductive uprights may inhibit mixed 
bud formation in ‘GH1’, which could contribute to biennial 
bearing. In contrast, concentrations of TNSC and SS started 
to increase and were greater in ‘Stevens’ and ‘HyRed’ re-
productive uprights during the August and September sam-
pling periods. These cultivars also had greater return bloom 
potential when compared to ‘GH1’, which further supports 
the inference that carbohydrate limitations may contribute 
to biennial bearing (Table 1). Values presented on return 
bloom potential are notably lower than an earlier study that 
measured return bloom potential for ‘Stevens’ at 24.8% and 
‘HyRed’ at 41.1%. (DeVetter et al., 2013). Such differences 
may be due to year and/or management effects unique to 
the time period and sites of data collection. It is possible that 
these terminal buds re-differentiated into vegetative buds, 
thereby lowering observed return bloom potential; however, 
this has not been previously observed to occur in cranberry 
(DeVetter et al., 2013; Lacroix, 1926; Roberts and Struck-
meyer, 1943). Additionally, while we did not observe differ-
ences in TNSC, SS, and starch concentrations in fruit across 
cultivars, it is possible that fruit mass per upright influences 
source-sink relationships so that uprights with higher fruit 
mass per upright experience greater sink strengths than up-
rights with a lower fruit mass per upright. Overall, these re-
sults support our hypothesis that there is a positive relation-

Table 1. Upright density, percentage of reproductive uprights, berries per upright, total berry number, total yield, mean berry 
weight, and potential return bloom for three cranberry cultivars collected in Wisconsin during the 2013 growing cycle. Values 
are means ± standard error (SE) determined from three 300 cm2 quadrats per cultivar bed, excluding percentage return bloom.

Cultivar Uprights
(no. 300 cm-2)

Percentage of 
reproductive 

uprights 
(%)

Berries 
per upright 

(no. upright-1)

Berry no.
(no. 300 cm-2)

Yield
(g 300 cm-2)

Mean berry 
wt 
(g)

Potential 
return 
bloom 
(%)1

GH1 209 (20) ab2 44 (3.9) 2.2 (0.13) a   146 (23) 163 (25) 1.12 (0.01) b   1
Stevens 236 (10) a 40 (3.9) 1.7 (0.11) b   107 (20) 141 (22) 1.34 (0.05) a 20
HyRed 174 (3.1) b 39 (5.1) 2.2 (0.08) a 109 (8.4) 128 (12) 1.17 (0.02) b 19
P value 0.043 NS 0.042 NS NS 0.0088 –

1 Potential for return bloom was determined as the percentage of current season reproductive uprights with mixed terminal buds; percentages 
determined by dissecting terminal buds from a random sample of 100 uprights per cultivar bed collected on 3 Sept. 2013.

2 Means with the same letter within a column are not different at P≤0.05 using a Tukey-Kramer adjustment; NS denotes nonsignificant. 
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ship between carbohydrate concentrations and return bloom 
potential in cranberry uprights.

Earlier reports suggest competition for plant resourc-
es, namely carbohydrates, limit fruit set and overall yield of 
cranberry (Baumann and Eaton, 1986). Later studies further 
propose that carbohydrate limitations may contribute to bi-
ennial bearing whereby insufficient carbohydrates during 
fruit and terminal bud initiation and development leads to 
the formation of vegetative buds at the expense of develop-
ing mixed buds on reproductive uprights (Strik et al., 1991). 
Carbon labeling and partitioning studies demonstrate that 
most of the carbohydrates are generated by leaves acro-
petal to fruit and these carbohydrates are predominately 
translocated to developing berries (Roper and Klueh, 1996). 
These findings demonstrate that developing fruits are strong 
carbohydrate sinks. Our findings of reduced carbohydrate 
concentrations in reproductive uprights of ‘GH1’ relative to 
cultivars that have a greater potential for return bloom fur-
ther support the role of carbohydrates as an important fac-
tor influencing biennial bearing. However, our results do not 
exclude the possible role of other physiological factors be-
ing involved in biennial bearing. As reviewed by Dennis and 
Neilsen (1999), the role of carbohydrates is questioned by 
some tree fruit physiologists in favor for seed-derived signals 
being responsible for biennial bearing. Seed-derived signals 
(e.g., gibberellins and auxin) have been shown to influence 
biennial bearing of other perennial fruit crops (Smith and  
Samach, 2013). Mezzetti et al. (2004) demonstrated that 
auxin synthesis from the ovule-specific DefHP-iaaM gene 
increases fecundity and fruit production in strawberry 
(Fragaria vesca and F. ×ananassa) and raspberry (Rubus 
idaeus). Parallel results were found in grape (Vitis vinifera), 
indicating differences in auxin synthesis may also have  
similar effects in Vaccinium species like cranberry (Costantini 
et al., 2007). However, it still remains to be determined if other 
physiological factors influence return bloom and biennial 
bearing of cranberry.

It is important to note that low return bloom potential 
does not necessarily indicate these cultivars are lower yield-
ing overall. First, biennial bearing occurs within individu-
al uprights and may not apply to an entire cranberry bed. 
Yields may be relatively consistent from year-to-year if there 
is roughly an even ratio of reproductive and vegetative up-
rights within a given year.  Additionally, other yield compo-
nents, including fruit set, berry number per upright, and ber-
ry weight influence overall yields. These yield components 
can also compensate for one another (Eaton and Kyte, 1978). 
For example, greater fruit set can compensate for reduced 
upright density, floral induction within buds, and/or flower 
number. Component compensation may be occurring within 
‘GH1’, which although was found to have low return bloom 
potential, has been embraced by many growers because of its 
high yield potential. We did not observe component compen-
sation in our study, but a more rigorous evaluation of yield 
components across several growing locations among these 
newer cultivars may reveal such a relationship.

Differences in upright tissue carbohydrate concentra-
tions within a cultivar were not detected in postharvest 
measurements collected on 30 Oct. There were significant 
increases in postharvest TNSC and SS concentrations in all 
upright tissues of ‘GH1’, which exceeded 20%. Increases in 
TNSC and SS among ‘GH1’ tissues at this time period are sus-
pected to be due to mobilization of carbohydrate reserves af-
ter the stress of a five-day flood. Total nonstructural carbohy-
drate and SS concentrations have been observed to increase 

within the first five-to-six days in previous flooding experi-
ments with cranberry, but tend to decrease under prolonged 
flooding conditions (Botelho and Vanden Heuvel, 2005). 
Postharvest concentrations of TNSC, SS, and starch were not 
different among ‘Stevens’ and ‘HyRed’ uprights, which were 
excluded from the flood.

Our study is preliminary and supports the conclusion 
that reduced carbohydrate status during fruit set and devel-
opment limits return bloom potential by inhibiting mixed 
bud formation on reproductive uprights. Further research 
with additional cultivars of defined and contrasting bienni-
al bearing tendencies would strengthen this conclusion or 
possibly suggest the importance of other physiological fac-
tors, such as plant hormones. Cultivar effects were observed 
and it remains to be determined how cultivars with greater 
return bloom potential are able to recover and have greater 
carbohydrate concentrations during these critical phenolog-
ical stages. The present implications of our findings suggest 
that maximizing carbohydrate production in upright tissues 
has the potential to increase yields by favoring both the de-
velopment of fruits and mixed buds for subsequent cropping 
cycles.
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