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Abstract
  The USDA Specialty Crop Research Initiative-funded RosBREED project has the objective of enabling 
marker-assisted breeding (MAB) in the economically important agricultural family of Rosaceae. To standardize 
and increase the accuracy of MAB in Rosaceae, it is necessary to characterize many horticultural and fruit quality 
traits in representative germplasm. We describe a very comprehensive phenotyping protocol for productivity 
traits, fruit quality traits and undesirable horticultural traits, developed for use in the Washington State University 
(WSU) Sweet Cherry Breeding Program. In addition, selected correlations among traits are presented. The 
protocol facilitates standardization of data among researchers working with sweet cherry across various 
environments and institutions. Data collected from a sweet cherry ‘Crop Reference set’ and a ‘Breeding Pedigree 
set’ between 2010 and 2012 were evaluated for trait correlations and the results are presented. Selected results 
indicate significant moderate correlations for harvest date with fruit weight and fruit firmness (r = 0.26, P < 
0.0001 and r = 0.39, P < 0.0001, respectively), with later-maturing cultivars tending towards larger and firmer 
cherries, in general. Also, fruit weight had a positive significant association with pedicel-fruit retention force (r 
= 0.43, P < 0.0001). However, soluble solids concentration showed a negative relationship with fruit weight and 
firmness (r = -0.34 and r = -0.20, respectively). Progress in breeding for multiple traits simultaneously will be 
faster with the significant positive correlations obtained in this study. 

  Sweet cherry (Prunus avium L.) is impor-
tant to the United States (US) horticulture 
industry. In 2012, the US produced approxi-
mately 424,000 t of sweet cherry (NASS, 
2013). The majority (80%) of the sweet cher-
ries were sold fresh and had a total worth of 
$778.0 million. Washington was the leading 
producer in the US with 264,000 t of sweet 
cherries, followed by California (92,300 t), 
Oregon (56,000 t), Michigan (4,250 t), and 
Idaho (3,600 t). Due to the economic impor-
tance of sweet cherries in the US, there is the 
expectation that breeding programs will de-
velop new cultivars to meet the ever chang-
ing market needs. New cherry cultivars with 
superior traits, performance and market ac-
ceptance will benefit all players in the supply 
chain through improved quality, availabil-

ity, affordability, health benefits, and safety. 
However, breeding programs require signifi-
cant financial, human and time resources to 
develop, evaluate and commercialize new 
cultivars, especially for a crop with a long 
juvenile period such as sweet cherry (Fuglie 
and Walker, 2001). Often, it can take over 
20 years from the initial cross to when the 
cultivar is commercially available. Thus, any 
strategy that hastens this process and im-
proves the efficiency of cherry breeding pro-
grams has high potential economic impact 
for producers and processors. 
  MAB may improve the efficiency and 
cost effectiveness of breeding programs. 
MAB involves the use of DNA information 
in breeding decisions taking advantage of 
the association between DNA markers and 
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phenotypic traits. The technology is particu-
larly useful in cases where trait phenotyp-
ing is time-consuming, difficult, or has low 
heritability. High-quality phenotypic data 
are needed for understanding trait inheri-
tance and integration with genotypic data for 
marker-locus trait association studies. Stan-
dardizing the phenotyping protocol will be 
necessary to maximize genetic determination 
and comparison of studies between different 
programs.
  Standardized phenotyping protocols have 
been developed by RosBREED (a US com-
munity initiative to enable marker assisted 
breeding for Rosaceous crops) for other 
Rosaceae fruit crops, including apple (Ev-
ans et al., 2012), peach (Frett et al., 2012), 
strawberry (Mathey et al., 2013), and sour 
cherry (Stegmeir et al., 2014). This paper 
describes the phenotyping protocol for pro-
ductivity, fruit quality and undesirable horti-
cultural traits, developed by the Washington 
State University (WSU) sweet cherry breed-
ing program as well as selected correlations 
among traits.

Materials and Methods
Sweet Cherry Crop Reference Set and 
Breeding Pedigree Set
  Approximately 600 pedigree-linked indi-
viduals including the US Sweet Cherry Crop 
Reference (CR) set and the Pacific Northwest 
Sweet Cherry Breeding Pedigree (BP) set 
were used in this study. The CR set consists 
of 268 pedigree-linked cultivars, ancestors, 
selections and seedling populations, effi-
ciently representing the genomes of 25 im-
portant breeding parents and their 15 known 
ancestors (Peace et al., in press). A total of 
333 seedlings were chosen as the BP set, 
which includes mainly breeding parents and 
their progenies specific to the WSU sweet 
cherry breeding program. All trees were lo-
cated at the WSU Roza Farm, Prosser, WA 
(46˚29’N and 119˚73’W). The trees were 
irrigated weekly from bloom to leaf senes-
cence with microjet sprinklers and grown us-
ing standard orchard management practices. 

A total of 83, 155 and 203 F1 seedlings were 
planted in 2006, 2007 and 2008, respectively. 
A majority of these seedlings flowered when 
the trees were five years old.

Phenotyping Protocol
  The protocols published in Stegmeir et al. 
(2014) were adapted to phenotype the ac-
cessions, particularly for the common traits 
between sweet and tart cherries. A different 
protocol was used for traits unique to sweet 
cherry. Both protocols are described below 
for each category of traits.
  Productivity Traits. Trees were observed 
daily for bloom status beginning in February. 
Bloom date was recorded as the date when 
50% of the flowers on a tree had opened. 
Days from 1 Jan. and growing degree days 
(GDD) were used to quantitatively describe 
bloom date. GDD (a measure of heat accu-
mulation) was calculated as the cumulative 
heat units from 1 Jan. to the date of 50% 
bloom using a base temperature of 4.4°C 
(40°F) (Stegmeir et al. 2014) (data from http: 
//weather.wsu.edu/awn.php). Similarly, har-
vest date was recorded as the date the fruit 
were harvested and also expressed in days 
from 1 Jan. and GDD. Fruit maturation was 
observed regularly beginning in May, with 
periods between evaluations decreasing 
from weekly to daily as ripening progressed. 
Fruit were harvested at optimal ripeness as 
determined by skin color, firmness and taste. 
A sample of at least 25 fruit per tree (when 
possible) was collected randomly around the 
tree, avoiding fruit from the highest and low-
est points of the canopy. Fruit were sampled 
at least twice on separate dates spanning at 
least one week, with optimum maturity date 
based on evaluation of fruit quality data ob-
tained in the laboratory (see Table 1).
  Fruit Quality Traits. A sample of 25 fruit 
per tree (when possible) was assayed for 
quantitative traits such as fruit size including 
fruit weight and fruit equatorial diameters, 
firmness, pedicel-fruit retention force, per-
cent soluble solids concentration, titratable 
acidity, pH, stem length, fruit and pit length 
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Table 1. Phenotypic traits, trait code, unit of measure and description used to categorize sweet cherry accessions. 

Trait1                  Trait code      Unit of measure                   Description		
Productivity traits	

Bloom Date*	 BD	 Julian date	 The number of days since January 1 to date 		
			   of 50% bloom

Bloom Time	 BT	 Growing Degree Days	 GDD accumulated from January 1 to date of  50%		
			   bloom calculated with a base temperature of 4.4°C

Harvest Date*	 HD	 Julian date	 The number of days from January 1 to date 		
			   of harvest

Harvest Time	 HT	 Growing Degree Days	 GDD accumulated from January 1 to date of 		
			   harvest calculated with a base temperature of 4.4°C

Fruit quality traits

Fruit Firmness*	 Fir	 g∙mm	 Measured by compression (cheek to cheek) on a 		
			   Firmtech (FirmTech II BioWorks Firmtech II, 
			   Kansas, USA ) using 5 TF2

Bulked Fruit	 FirB	 g∙mm		  Measured by compression (cheek to cheek) on a		
Firmness						      Firmtech (FirmTech II BioWorks Firmtech II, 		
						      Kansas, USA ) using 20 BF3

Pedicel-Fruit	 PFRF	 g			   This is the force required to pull the pedicel off the
Retention Force*						      fruit measured with a pull force gauge (Imada DS2-4 		
						      digital force gauge, Northbrook, IL, USA). Five TF 		
						      samples are used.

Soluble Solids	 SSC	 Brix%		  Juice from 5 TF samples pulled together is used and 
Concentration*						      Brix% is recorded on a refractometer (Atago PAL-1, 		
						      Atago Co, Ltd., Bellevue, WA, USA).

Bulked Fruit SSC	 SSCB	 Brix%		  Juice from BF samples is used.

Titratable Acidity*	 TA	 %			  Measured with a 10 mL strained juice from BF on an 		
						      autotitrator (Metrohm, Florida, USA) titrated to pH 		
						      endpoint 8.2

pH	 pH	 pH		  Same as above

Fruit Weight*	 FWt	 g			   Average weight of 5 TF

Bulked Fruit	 FWtB	 g			   Average weight of 20 BF
Weight

Stem Length	 SL	 mm		  Average of 5 TF

Fruit Length*	 FL	 mm		  Measured from stem to blossom scar, average of 5 TF

Fruit Width 1*	 FW1	 mm		  Measured from the suture to opposite cheek, average 		
						      of 5 TF

Fruit Width 2*	 FW2	 mm		  Measured from cheek to cheek, average of 5 TF

Mahogany Skin 	 CMS	 #			   Using the CTFIL color chart and recording 1 to 6 
Color
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and width, pit weight, skin and flesh color, 
fruit shape and freestone tendency (Table 1). 
Fruit were collected into paper bags in the 
field and transported to the fruit quality labo-
ratory at least twice a day during harvest. Bar-
coded sample labels were scanned on entry 
into the laboratory into an Excel (Microsoft, 
Redmond, WA) spreadsheet “pick list” as a 
sample management procedure, and samples 
were held at 0°C (32°F) in a cold room for at 
least 12 h before fruit evaluation. After cool-
ing, samples were removed from the cold 

Blush Skin Color	 CBS	 #			   1 = 0-25%, 2 = 26-50%, 3 = 51-75% and 4 = 76-100%

Fruit Shape*	 ShF	 #			   Ratio of Fruit Length and Width1; 1 = kidney, 
						      2 = flat-round, 3 = round, 4 = elongate, 5 = cordate 		
						      (heart-shaped)

Flesh Color*	 CFl	 #			   Visual Flesh Color Card rating 1-5; 1 = cream, 
						      2 = pink, 3 = red, 4 = red purple and 5 = mahogany

Free Stone*	 FS	 #			   Pit cling: 1 = no cling, 2 = slight cling, 3 = semi 		
						      cling, 4 = cling, 5 = total cling, average of 5 TF

Pit Weight*	 PWt	 g			   Average pit weight of 5 TF

Pit Length*	 PL	 mm		  Pit length from point to point, average of 5 TF

Pit Width 1*	 PW1	 mm		  Pit width from suture to back, average of 5 TF

Pit Width 2*	 PW2	 mm		  Pit width perpendicular to width 1, average of 5 TF		
Undesirable fruit traits	

Pitting incidence	 Pi	 %			  Calculated as the percentage of fruit with pitting out 		
						      of a total of 25 fruit sampled

Rain cracking 	 Cr	 %			  Calculated as the percentage of fruit with splits out of 
incidence						      a total of 25 fruit sampled

Powdery mildew	 PM	 Scored		  0 = no visible symptoms, 1 = very slight infection on
incidence in field						      leaves, 2 = slight infection on leaves, occasionally 		
						      on shoots, 3 = moderate infection on leaves and/or 
						      shoots, 4 = heavy infection on leaves and/or shoots 		
						      and 5 = very high infection on leaves, most shoots 		
						      damaged

Bacterial Canker 	 BC	 Scored		  0 = no necrosis, 1 = line of infection, 2 = ≤ 50% of 
incidence based						      the leaf, 3 = > 50% of the leaf and 4 = total necrosis
on a detached
leaf assay 
1 Traits that are common to this study and Stegmier et al. (2014) are in asterisk.
2 Tracked Fruit (TF): five carefully chosen fruit out of a total of 25 harvested 
3 Bulked Fruit (BF): Usually 20 out of 25 harvested fruit samples pulled together for measurements

room and fruit allowed to equilibrate to room 
temperature prior to evaluation. Twenty-five 
fruit were selected from each sample, dis-
carding any obvious outliers such as over- or 
under-ripe fruit, mechanically damaged fruit, 
etc. These fruit were placed into a sample 
tray and five optimal fruit from the entire 
sample (as perceived by the analyst; usually 
the largest and firmest fruit) were numbered 
with a permanent marker to be “tracked” 
through the evaluation process as a qual-
ity control measure. Incidence of pitting (Pi, 
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proportion (%) of fruit displaying pitting) 
and cracking (Cr, proportion (%) of fruit 
displaying splits) was assayed and recorded 
as the number of fruit affected with each de-
fect. Weight of the sample was measured on 
a top-loading digital balance with readability 
to two decimal places. Average weight per 
fruit (FWtB, g) was determined by dividing 
the net total weight by the number of fruit 
weighed. Skin color distribution of the entire 
sample was observed and, for red/mahogany 
fruit (CMS), recorded as number of fruit per 
color designation according to the Center 
Technique Interprofessionnel des Fruits et 
Légumes (CTIFL) color chart (see: www. 
ctifl.fr, Table 1). For blush, number of fruit 
per category delineation was also recorded, 
with category numbers referring to percent 
area of individual fruit overlaid with red tint 
(CBS - see description, Table 1). For exam-
ple, a recording of 3 = 14 would indicate that 
14 fruit were observed to have red tint over 
51-75% of their skin. Individual color of the 
five tracked fruit was also recorded. 
  Sample fruit were next loaded onto turn-
table of a BioWorks Firmtech II (BioWorks, 
Inc., Wamego, KS, USA) for instrumental 
firmness measurement. Cherries were placed 
on the rotating table with stems attached, 
each fruit oriented perpendicular to its su-
ture with respect to the table. Firmness of the 
bulk sample was calculated as the average of 
the entire sample in g∙mm (FirB). The five 
tracked fruit occupied the first five spots and 
individual firmness was recorded for each 
(Fir, g∙mm). 
  Individual traits recorded for tracked fruit 
included shape by visual observation (ShF), 
pedicel-fruit retention force (PFRF - Imada 
DS2-4 digital force gauge with a custom fit-
ted polyvinyl chloride attachment for fruit 
detachment, Northbrook, IL, USA), flesh col-
or (CFl - Washington State University Flesh 
Color index that can be found at www.ros-
breed.org/resources/fruit evaluations), adher-
ence of flesh to pit (Free Stone, FS) and pit 
weight (PWt, g, after scrubbing the flesh off). 
Other individual measurements taken were: 

pit length (PL, mm), fruit and stem length (FL, 
SL, mm), and fruit and pit width in two orien-
tations (FW1, FW2, PW1, PW2, mm). Fruit 
and pit length and width measurements were 
taken with a digital caliper (Fisher Scientific, 
Pittsburgh, PA, USA). (See descriptions of all 
measurements in Table 1). In addition, SSC 
was measured on each tracked fruit (% Brix) 
by piercing the fruit and squeezing a drop 
or two of juice onto the sample window of a 
hand-held digital refractometer (Atago PAL-
1, Atago Co, Ltd., Bellevue, WA, USA). 
  Juice from the bulked fruit sample was col-
lected and filtered through three layers of dis-
posable laboratory wipes, then used for deter-
mination of % Brix and titratable acidity (TA, 
reported as % malic acid). TA was assayed via 
potentiometric titration of 10 mL juice (dilut-
ed to 50 mL with 18 megohm water) against 
0.1 M NaOH to pH 8.1 with a Metrohm 848 
autotitrator (Metrohm, FL, USA). Juice pH 
was recorded prior to titration. 

Undesirable fruit traits
  Powdery mildew and bacterial canker in-
cidence. Susceptibility to powdery mildew 
(Podosphaera clandestine Wallr.) infection 
was assayed in the field in late August or ear-
ly September to allow for full expression of 
disease pressure. Preventive spray was with-
held from surveyed trees. Personnel were 
sent into the field to record observations of 
individual trees according to a 6-point scale 
(Table 1). Bacterial canker incidence was as-
sessed in the laboratory on a 5-point scale 
(Mgbechi-Ezeri et al., in press) based on a 
detached leaf assay following inoculation 
with the pathogen, Pseudomonas syringae 
var syringae Van Hall 1904. Symptom ex-
pression was recorded from 2 to 8 d follow-
ing inoculation.

Data analyses
  The data were adjusted to remove outli-
ers. Means were calculated for representa-
tive traits including fruit weight, firmness, 
soluble solids concentration, titratable acid-
ity, pedicel-fruit retention force, harvest date 



130 Journal of the American Pomological Society

and bloom date. Correlations between pairs 
of traits were calculated for all traits with 
three years data using Proc Corr in SAS 9.2 
version (2008).

Results and Discussion
  There were significant differences in PFRF 
among years (P < 0.001) with PFRF declin-

ing from 1041 g in 2010 to 821 g in 2011 and 
719 g in 2012 (Fig. 1). Similar results were 
obtained by Zhao et al. (2013a) showing 
significant genotype × year interaction that 
was attributed to climate variability between 
years. We believe that inaccurate determina-
tion of harvest maturity may also contribute 
to PFRF differences between years. PFRF 

Fig. 1. Box plots of pedicel-fruit retention force, firmness, fruit weight, soluble solids content, harvest date, bloom 
date and titratable acidity in sweet cherry based on three years data. Dark shading represents the median value 
minus the 25 percent quartile while light shading represents the median value minus the 75 percent quartile.
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was significantly associated with all the fruit 
size measurements (FL, FW2, FWt) indicat-
ing that accessions with larger fruit tended to 
have higher values of PFRF. The correlations 
between PFRF and pit dimension traits (PL, 
PW2, PWt) were also positive and significant 
(Table 2). Similarly, the association of PFRF 
with firmness (Fir) was significant although 
low (r = 0.16) indicating that firmer fruit in 
general have higher PFRF values. The mean 
values of SSC were similar between 2010 
and 2011 (20.6% vs 20.0%) but these were 
significantly different (P < 0.05) from the 
2012 data (22.4%). TA values were similar 
in 2011 and 2012 (0.72 vs 0.74%) but signifi-
cantly different (P < 0.05) from the 2010 data 
(0.79%). The significant correlation between 
SSC and TA (r = 0.33) suggests that individu-
als with higher TA values also had fruit with 
high sugar concentrations. This association 
concurs with Zhao (2013) who observed 
co-location of quantitative trait loci (QTL) 
for SSC and TA on linkage group (LG) 4 
in sweet cherry. Co-location of QTL for the 
two traits has also been reported by Cantín 
et al. (2010), Dirlewanger (2006a, 2006b) 
and Quilot et al. (2004) in peach. The genetic 
linkage between genes controlling both traits 
could have contributed to the significant 
positive phenotypic correlation. Both traits 
may be improved simultaneously by taking 
advantage of this genetic correlation. It may 
be possible to identify accessions that have 
favorable values of SSC and TA as parents 
to develop new cultivars with superior taste 
attributes. SSC, in contrast, had a negative 
association with all fruit and pit dimension 
traits (FL, FW2, FWt, PL, PW, PWt) sug-
gesting that breeding for high SSC and large 
fruit size may be slow.
  The mean fruit weights were consistent 
between 2011 and 2012 (9.26 g vs 9.31 g) but 
higher in 2010 (10.43 g) (P < 0.05). There 
were strong positive associations among all 
fruit dimension measurements (FL, FW2, 
FWt) ranging from 0.89 to 0.95 (Table 2). 
This relationship was also observed by Zhang 
et al. (2010) and Zhao et al. (2013b). In sweet 

cherry, QTLs associated with fruit size were 
originally identified in ‘EF’ x ‘NY 54’ popu-
lations (Zhang et al., 2010). The QTLs were 
mapped on LG 2 and LG 6, with the LG 2 
QTL postulated to affect fruit size by control-
ling mesocarp cell number. This is consistent 
with recent findings that QTL effect on fruit 
size is highly associated with flesh rather 
than pit size (De Franceschi et al., 2013). 
This could explain the high correlation be-
tween fruit weight and equatorial diameters. 
The correlations among all the pit dimension 
measurements (PL, PW2, PWt) were also 
positive and highly significant. Moreover, 
fruit size measurements, fruit firmness and 
harvest date were positively correlated with 
each other. Late season accessions tended to 
have large fruit and firm texture (Table 2). 
  The incidence of freestone attribute posi-
tively correlated with fruit size measure-
ments (FL, FW2, FWt), indicating that pits 
in larger fruit detached easier from the meso-
carp than pits in smaller fruit. Freestone had 
a negative association with SSC showing 
higher attachment between pit and mesocarp 
in cherries with higher values of SSC. How-
ever, the correlation between freestone and 
SSC was low (r = -0.18).
  Firmness was highest in 2010 (271 g∙mm) 
and lowest in 2012 (245 g∙mm) with signifi-
cant differences between years at P < 0.001. 
Fruit firmness (Fir) and bulked fruit firm-
ness (FirB) had a strong correlation (0.77), 
confirming that five fruit may suffice to as-
sess overall firmness. Firmness had a posi-
tive correlation with all fruit and pit dimen-
sion traits suggesting that selection for high 
firmness would indirectly select for bigger 
cherries. Significant associations also existed 
between fruit firmness and PFRF, fruit shape 
(FS) and harvest date (HD). The negative 
correlation between firmness and SSC would 
hinder progress in simultaneously selecting 
for sweeter fruit. 
  Harvest was three and five days later in 
2010 (189 d from 1 Jan.) than in 2011 (186 
d from 1 Jan.) and 2012 (184 d from 1 Jan.), 
respectively. The latest bloom time was ob-
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served in 2012 (110 d from 1 Jan.) and the 
earliest in 2010 (98 d from 1 Jan.). It is 
quite common for some cultivars (such as 
‘Kiona’) to bloom late and yet be harvested 
mid-season, while others that bloom early to 
mid-season ripen late (e.g., ‘Sweetheart’). 
This explains the generally low (r = 0.24) but 
positive correlation between bloom and har-
vest times. The associations between harvest 
date (HD) and harvest time (HT), 0.99, and 
BD and BT, 0.95, were very high. For breed-
ing it will be faster and more cost effective 
to phenotype either BD or BT, and likewise 
HD or HT. HD was the most highly corre-
lated with fruit firmness (Fir). Harvest date 
had positive associations with all fruit and 
pit dimension traits and clearly showed later 
maturing individuals tending to accumulate 
more fruit biomass.

Conclusions
  The phenotyping protocol for sweet cherry 
included measurements of fruit quality attri-
butes that determined marketability and/or 
consumer acceptability of fresh sweet cherry 
products. These include fruit weight, firmness, 
soluble solids concentration, titratable acidity 
and skin color. Also included was pedicel-
fruit retention force which gives an indication 
of harvestibility with and/or without stem and 
hence, amenability to mechanization. Measur-
ing either bulked fruit firmness or firmness 
based on five fruit only, and bloom and har-
vest time in lieu of either days from 1 Jan. or 
growing degree days will streamline the phe-
notyping protocol and improve cost effective-
ness. The significant and positive correlations 
between soluble solids concentration and 
titratable acidity as well as between harvest 
date, fruit size and firmness suggests a genetic 
linkage of the genes controlling these traits. 
Use of this standardized phenotyping protocol 
will enable comparisons of data between dif-
ferent years and programs.
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In vitro micrografting of cherry (Prunus avium L. ‘Regina’) onto 
‘Piku® 1’ rootstock [P. avium × (P. canescens × P. tomentosa)]

An early diagnosis for compatibility between cherry varieties and rootstocks is required to 
launch new plant material on the market. An in vitro, slit-micrografting technique for Prunus 
avium L. ‘Regina’ on ‘Piku® 1’ rootstock [P. avium × (P. canescens × P. tomentosa)] is pre-
sented as a model for cherry species. In vitro shoot tips, cut in a V-shape, were used as 
scions, while shoots induced for in vitro rooting were used as rootstocks. The success of 
various parameters was examined: micro-scion size, carbon source, number of in vitro scion 
multiplication cycles, composition of the medium, and grafted tissue treatment. Micrografts 
were cultured on a modified Murashige and Skoog (MS) medium without added plant growth 
regulators (PGRs). The highest percentages of successful grafts (80% at 4 weeks after graft-
ing and 58% at 3 months after acclimatisation) were obtained using glucose as the sole car-
bon source, vermiculite in the agar medium, and 3 – 5 mm-long shoot tips formed in vitro as 
scions. Additional chemicals such as kinetin, ascorbic acid, citric acid, polyvinylpyrrolidone 
(PVP), or 6-benzyladenine (BA) did not improve grafting, but a rapid micrografting process 
was most important. The number of in vitro scion multiplication cycles was shown to have no 
effect. Using in vitro cultures of both scion and rootstock, aseptic conditions were maintained 
throughout the micrografting process and no problems of contamination were encountered. 
Abstract from: Laurence Bourrain and Gerard Charlot, 2014. The Journal of Horticultural 
Science & Biotechnology 89(1):47-52.
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