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Abstract

The University of Florida southern highbush blueberry (SHB) (Vaccinium corymbosum L. hybrids) breeding
program has traditionally focused selection efforts in an area that annually receives > 300 h of winter chilling at
0 to 7°C. Thus, many of the cultivars released from the breeding program are not adapted to regions in central
and south Florida that receive less annual chilling unless dormancy-breaking agents such as hydrogen cyanamide
(HC) are used. To assess the potential for expansion into very low-chill production areas, floral bud chill require-
ments for 23 advanced selections and two cultivars planted at two locations in Florida were estimated using an
excised shoot forcing method. The majority (72%) of the genotypes assessed had at least 70% floral budbreak
after accumulation of 200 chill-hours at 0 to 7°C. When HC application was compared with untreated plants of
the same genotype, the dormancy breaking compound either hastened floral budbreak or increased the percentage

of floral budbreak of insufficiently chilled plant material.

The predominant cultural management
system used for SHB production in Florida
allows the plants to go dormant for a short
period of time before the onset of reproduc-
tive and vegetative growth in the spring.
The onset of dormancy can vary due to lo-
cal weather patterns, but typically occurs in
December to January in most production ar-
eas of Florida. Once a blueberry plant enters
dormancy, a period of low temperatures (e.g.,
chilling) is required for normal reproductive
and vegetative development to occur. Insuf-
ficient chilling of blueberry plants results in
reduced, delayed, and erratic reproductive
and vegetative budbreak (Darnell and Da-
vies, 1990). Although the optimum tempera-
ture for chilling accumulation is not known
for all SHB genotypes, the model proposed
by Chandler et al. (1937) with one unit of
chill accumulation for every hour at 0 to 7°C

is commonly used by producers to estimate
chill accumulation. The chilling requirement
varies by species and cultivar, and can range
from greater than 1000 h for northern blue-
berry cultivars grown in temperate locations
to 200 h for some SHB cultivars developed in
Florida (Norvell and Moore, 1982; William-
son et al., 2002). For many potential blue-
berry production areas of Florida, the yearly
accumulation of chill-hours in this range is
less than necessary for most blueberry cul-
tivars.

Both breeding and cultural practices have
been used to address the potential for insuf-
ficient chilling in Florida. The University of
Florida (UF) SHB breeding program utilized
Vaccinium darrowii Camp, a related ever-
green blueberry species native to Florida,
which does not require chilling, in crosses
with northern-adapted blueberry cultivars.
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Plants selected from these crosses had com-
mercial fruit quality and required < 800 h of
chilling (Lyrene, 2008). Because all early
stages of selection occur within 40 km (25
miles) of Gainesville, FL (an area with a
winter average of > 300 chill-hours) many
of the cultivars released from the program
are presumed to have a chilling requirement
near 300 h. Early on, it was recognized that
the potential for selecting cultivars adapted
to much lower chilling ranges would be
possible, but the distances involved would
prevent maintaining and evaluating sizable
populations at remote locations (Lyrene and
Sherman, 1977). However, at least two at-
tempts have been made to enrich the pool of
germplasm with lower chilling requirements
either by evaluation in suitable locations
(Obreza et al., 2000) or selecting for very
early bloom in Gainesville (Lyrene, 1987).

Alternatively, a cultural method utilizing
HC as a dormancy-breaking compound has
been adopted by many Florida growers (Wil-
liamson et al., 2001; 2002). Under ideal situ-
ations, the use of HC results in greater veg-
etative budbreak, shorter fruit development
period, increased yield, and improved plant
health. However, response to HC is cultivar
specific with respect to proper rates and tim-
ings, phytotoxicity can result in severely re-
duced yield, and the product has high human
toxicity. Additionally, efficacy of HC ap-
plication is highly dependent on the amount
of chilling accumulated before application
(Williamson et al., 2001). With current Flor-
ida blueberry production trends indicating
increased plantings in central and south Flor-
ida locations (primarily Citrus, Sumter, Her-
nando, Lake, Orange, Pasco, Polk, Hardee,
and Desoto counties), there is a need for de-
velopment of SHB cultivars adapted to grow
in areas receiving < 300 chill-hours annually.

The objective of this project was to esti-
mate the floral bud chilling requirement of 23
advanced selections currently under evalua-
tion in the UF SHB breeding program with
and without HC application.

Materials and Methods

Plant material and trial locations. Twen-
ty-three advanced selections and two stan-
dard cultivars (‘Emerald’ and ‘Primadonna’)
from the UF SHB breeding program were
evaluated for two consecutive seasons (2011-
2012 and 2012-2013; Tables 1 and 2). Clonal
replicates of each genotype were propagated
in 2009 from softwood cuttings and were
planted as 15 to 20 cm-tall liner plants at
two trial locations in January 2010. The first
trial site was the Plant Science Research and
Education Unit near Citra, FL. No HC was
applied at this trial site. The second trial
site was at a grower farm near Windsor, FL.
Hydrogen cyanamide was applied at 1.25%
following commercial practices at this loca-
tion on 19 Dec. 2011 and 21 Dec. 2012. At all
trial sites, planting beds were incorporated
with bark and were covered with woven fab-
ric mulch for weed control. Drip irrigation
with sulfuric acid to reduce soil pH and fertil-
izer injection was used according to current
Florida blueberry production practices (Liu
etal., 2012).

Estimation of floral bud chill requirement.
An excised shoot system similar to that de-
scribed by Spiers et al. (2006) was used to
calculate floral bud chill requirement. Brief-
ly, field plants at each location were subject-
ed to natural chilling and lighting, and the
environmental conditions at each location
were recorded using data-logging weather
stations (Hobo U30 GSM, Onset Corp.,
Bourne, MA). After the accumulation of 50,
100, 150, and 200 chill-hours (sum of the
number of hours at 0 to 7°C), three random
canes =~ 50 to 60 cm-long from current sea-
son’s growth, were sampled from each geno-
type at each location. Canes were placed in
plastic bags, packed on ice in coolers, and
transported to a greenhouse in Gainesville,
FL. Canes were re-cut and placed in water in
4.7 L plastic buckets (Encore Plastics Corp.,
Sandusky, OH). Sponges (Identiplug, Fisher
Scientific, Pittsburgh, PA) were used to hold
and separate the canes in drilled holes in each
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bucket lid. Canes were evaluated biweekly
for floral bud development, and the percent-
age of'total floral buds on a cane at or beyond
floral budbreak (stage 5; Spiers, 1978) was
recorded. The water was changed and canes
were re-cut weekly.

Statistical analyses. The experiment was
analyzed as a 2 x 4 x 25 factorial design (two
locations, four chill hour sampling dates, and
25 genotypes) using JMP Pro version 11 soft-
ware (SAS Institute, Cary, NC). Years were
kept separate to avoid additional interaction
terms. Percent budbreak percentages were
arcsin-transformed for analysis and least
square means are reported. Treatment means
were separated using Tukey’s HSD test P <

0.05) and the slice function was used to fur-
ther explore interactions between main ef-
fects.

Results and Discussion

The overall floral budbreak percentage
after three and five weeks of evaluation was
used to determine the chilling requirement
of each genotype (Tables 1 and 2). Three
weeks was the evaluation period used by
Spiers et al. (2006), to determine the chill-
ing requirements of rabbiteye blueberries in a
similar excised shoot assay, while five weeks
is generally considered longer than optimal
for evaluation (Krewer and NeSmith, 2006;
Spiers, 2006). In the first season, the loca-

Table 1: Percentage of floral budbreak on excised southern highbush blueberry shoots after three and five weeks
of greenhouse evaluation. Shoots were collected from two field locations during the 2011-2012 growing season
after receiving 50, 100, 150, and 200 chill-hours (0 to 7°C) and forced in a greenhouse.

Floral budbreak after 3 weeks (%)

Floral budbreak after 5 weeks (%)

Chill-hour accumulation before sampling

Chill-hour accumulation before sampling

Genotype 50 100 150 200  Sig” 50 100 150 200 Sig.
FL05-96 520 735 755 713 NS 642 802 844 773 NS
FL05-619 700 985 948 84 NS 848 1000 983  93.0 NS
FL06-02 603 702 686 687 NS 743 829 710 775 NS
FL06-35 741 806 762 566 NS 834 879 856 683 NS
FL06-77 00 388 54 7.7 ok 67 564 314 356  wwsx
FL06-96 621 630 494 353 NS 754 741 696 667 NS
FL06-203  80.7 961 665 813 NS 863 961 808 856 NS
FL06-205 255 764 334 600  wesx 507 864 736 700 ok

FL06-244 322 634 634 566 * 581 772 729 595 NS
FL06-245 767 922 785 938 NS 838 958 845  100.0 NS
FL06-316 502 642 620 710 NS 686 776 695 768 NS
FL06-354 328 732 618 526 ok 414 828 709 526 ok
FL06-362 573 889 758 786 NS 735 922 879 842 NS
FL06-377 744 824 802 705 NS 80.1 858 846 724 NS
FL06-435 371 778 530 747 o 558 875 768 828 *

FL06-457 300 761 542 380  ®* 629 845 865 543 ok

FL06-518 713 8.0 750 620 NS 943 872  90.1 657 *

FL06-540 124 647 542 759 e 260 818 724 773 wwsx
FL06-542 628 663 645 579 NS 792 786 858 652 NS
FL06-545 803 902 871 528 ok 89 985 892 618 ok

FL06-561 633 545 821 738 NS 727 591 854 738 NS
FL06-562 156 724 646 770 e 618 812 684 783 NS
FL06-571 818 899 696 760 NS 873 974 852 953 NS
Emerald 573 648 667 624 NS 650 762 718 658 NS
Primadonna 695 799 715 518 NS 841 932 751 554 ok

2NS,* ok wxx dkdkk Non-significant or significant at P < 0.05, 0.01, 0.001, or 0.0001 between chilling hour sampling within a

genotype, according to P-values from sliced ANOVA.
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Table 2: Percentage of floral budbreak on excised southern highbush blueberry shoots after three and five weeks
of greenhouse evaluation. Shoots were collected from two field locations during the 2012-2013 growing season
after receiving 50, 100, 150, and 200 chill-hours (0 to 7°C) and forced in a greenhouse.

Floral budbreak after 3 weeks (%) Floral budbreak after 5 weeks (%)

Chill-hour accumulation before sampling Chill-hour accumulation before sampling

Genotype 50 100 150 200 Sig.” 50 100 150 200 Sig.
FL05-96 292 201 778 92.2 ok 340 407 794 922 wwx
FLO5-619 254 885  89.1  100.0 ok 81.7 981 940  100.0 NS
FL06-02 1.1 475 769  100.0 ok 537 766 864  100.0 ok
FL06-35 56 588 652 89.7 ok 706 952 806 958 NS
FL06-77 00 125 8.3 49.1 ok 00 257 200 709  xx
FL06-96 24 397 326 473 ok 579 683 798 802 NS
FL06-203 383  89.1 740  100.0 ok 89.8 1000  88.1  100.0 NS
FL06-205 26 242 341 73.1 ok 144 459 647  83.0  wwwx
FL06-244 103 347 718 82.4 HhkE 390 579 844 875 ok
FL06-245 100 334 556 89.0 ok 320 517 790 952 ewxx
FL06-316 0.0 218 405 63.5 ok 246 706 677  69.9  wwwx
FL06-354 0.0 177 287 66.8 ok 13.9 307 483 713 ok
FL06-362 106  77.8 854 95.8 ok 403 1000 938 1000 e
FL06-377 245  66.6 882 87.9 ok 660 917 948 879 NS
FL06-435 21 404 670 82.5 ok 381 730 720 825 ok
FL06-457 2.8 00 350 85.8 ok 97 265 670 892  xxx
FL06-518 0.0 452 837 85.8 ok 621 801 903 892 NS
FL06-540 48 273 589 68.3 ok 19.7 465 749 716 wwxx
FL06-542 54 410  60.0 292 ok 438 678 755 388 ok
FL06-545 210 453 552 925 ok 649 730 655 925 NS
FL06-561 00 257 745 78.6 ok 320 731 787 919  exx
FL06-562 00 117 640 834 Hhkk 475 478 718 892 ok
FL06-571 242 684 734  100.0 ok 450 847 817 1000  wwxx
Emerald 0.9 306 407 75.4 ok 377 689 613 859 ok
Primadonna 163 165 59.0 69.4 Ak 607 8.1 813 761 NS

2N, ¥ ## ok kkk Non-significant or significant at P < 0.05, 0.01, 0.001, or 0.0001 between chilling hour sampling within a
genotype, according to P-values from sliced ANOVA.

tion, genotype and chill hour sampling date
main effects and two-way interactions were
all significant (P < 0.05). However, in the
second season the location main effect was
not significant after either three or five weeks
of evaluation, while all other main effects
and interactions were significant (P <0.05).
In general, floral budbreak was higher in
the first season than the second season. For
example, 36% of the genotypes evaluated
had over 70% floral budbreak within three
weeks after only receiving 50 h of chilling in
the field, while no genotypes evaluated in the
second season reached that level of budbreak
after accumulation of only 50 chill-hours. A
likely explanation for this observation is that

the plants were only in their second growing
season after rooting during the first data col-
lection year. We have often observed a ten-
dency toward more evergreen characteristics
in young plants, and the second evaluation
season in this study (third growing season)
is likely more representative of mature plant
response to chilling accumulation. However,
most growers in Florida and other subtropi-
cal regions expect to harvest some fruit from
SHB plants in the second growing season.
When the interaction between location
and chill-hour sampling date was examined
(Fig. 1), the second season showed a clear
progression in floral budbreak percentage
in response to chill-hour accumulation, with
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Fig. 1: Percent of floral budbreak on excised southern highbush blueberry shoots during the (A) 2011-2012 (B)
and 2012-2013 growing seasons. Assessment was after three weeks of forcing in a greenhouse. Asterisks (*) indi-
cate significant differences (P < 0.05) between locations within a chill-hour sampling date, according to P-values

from sliced ANOVA.

higher chill accumulation resulting in greater
floral budbreak as expected. Although the
location x genotype interaction was signifi-
cant for both evaluations made at three and
five weeks in both seasons, relatively few
genotypes were significantly different when
the interaction was sliced to determine dif-
ferences among genotypes within a loca-
tion. For example, only seven (28%) and
five (20%) genotypes had significantly dif-
ferent floral budbreak between the two trial
locations after three weeks evaluation in year
one and two, respectively (data not shown).
Interestingly, there was no overlap among
genotypes between years. Again, this may
be due to the immature plants evaluated in
the first year. However, since the primary

cultural difference related to floral budbreak
between the two trial sites was HC applica-
tion, it is possible these genotypes represent
those that are particularly suited for use in
this management system. The majority of
these genotypes had higher floral budbreak
percentages at the Windsor location where
HC was applied after the 50 chill-hour accu-
mulation sampling date (Table 3).

The genotypes that had higher floral bud-
break on shoots collected at Citra than Wind-
sor may be sensitive to the rate and/or timing
of HC application. The cultivar ‘Primadon-
na’ that is included in this group is known to
be susceptible to flower bud injury following
HC treatment (Williamson et al., 2014).

From the data presented here, it remains
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Table 3: Percentage of floral budbreak on excised southern high-
bush blueberry shoots after three weeks of greenhouse evaluation.
Shoots were collected from two field locations during the 2011-
2012 and 2012-2013 growing season after receiving 50, 100, 150,
and 200 chill-hours (0 to 7°C) and forced in a greenhouse. Only
genotypes that had a significant difference in floral budbreak be-

tween locations are presented.

have chilling requirements of 100,
150, and 200 h, respectively.

These very low-chill genotypes
will be important to further develop
blueberry production regions in cen-
tral and south-central Florida, and

in similar climates worldwide. Ad-

Location”
Windsor Citra ditionally, genotypes with such low
Floral budbreak Floral budbreak ch‘illing requirements may be better
Genotype %) %) Sig” suited to protected culture where an
“evergreen” cultural management
"""""" 2011-2012 Season ----------- system is used to prevent southern
FL06-77 245 1.4 o highbush blueberry genotypes from
FL06-96 66.9 37.9 ***  going dormant. Although the report
FLO6-244 65.1 42.6 o here only considers floral budbreak,
FLO6-435 70.8 0.4 :*** it will also be critical to evaluate the
Eigg:g ; gg? i ;g s chilling requirement of vegetative
Emerald 76.4 491 - buds on these genotypes.

“““““ 2012-2013 Season -~-—--—--- Acknowledgements
FL06-245 70.5 23.7 ok The authors thank Island Grove
FLO06-542 43.1 24.6 * Agricultural Products, Mixon Family
FL06-518 45.4 63.9 * Farms, and Straughn Farms for plant
]EL_%‘;“ ;g; z‘z‘g :* material used in this study. This proj-

rimadonna . .

“Hydrogen cyanamide at 1.25% was applied to plants at Windsor on 19
Dec. 2011 and 21 Dec. 2012, whereas those at Citra were untreated.

YINS,* Hok ok k% Non-significant or significant at P < 0.05, 0.01, 0.001,
or 0.0001 between genotype within a location, according to P-values from

sliced ANOVA.

challenging to assign an absolute chilling re-
quirement for each genotype. In the 2011-
2012 season, the chill hour sampling date
with the highest percentage of genotypes
reaching > 70% floral budbreak was the 100
chill-hour date. However, the percentage of
genotypes reaching 70% floral budbreak was
reduced in the later sampling dates following
more chill accumulation. Data from the sec-
ond season (2012-2013) when plants were
older may be a more accurate estimate of the
chilling requirements because percent floral
budbreak for each genotype continued to in-
crease with additional chilling after >70%
budbreak had occurred (Table 2). Thus, no
genotype assessed in this study had a chill-
ing requirement of 50 hours, but three (12%),
six (24%), and nine (36%) were confirmed to

ect was funded in part by the Florida
Department of Agriculture and Con-
sumer Services Specialty Crop Block
Grant #018006, Expanding Blueber-
ry Production in Florida by Selecting
Germplasm Adapted to Low-Chill Environ-
ments.
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About the cover: ‘Kerman’ Pistachio

Native to Asia Minor and Western Asia,
pistachios (Pistacia vera L.) were introduced
to California in 1854, but were not farmed
commercially until the 1960s and 70s, after
the release of a new, well-adapted variety,
‘Kerman’, and the mechanization of harvest.
Pistachio cultivation really surged after 1979,
when an embargo of nuts from Iran, then the
world’s dominant producer, provided a huge
boost to the domestic industry. Demand
from export markets continues to grow,
and pistachio cultivation has been highly
profitable and fast growing in recent years.
California raises more than 98% of the
domestic crop, and the United States now
equals or exceeds Iranian production.

‘Kerman’, named after a province in
eastern Iran where its seed parent originated,
virtually monopolizes California pistachio
cultivation, along with the distribution
of individual male trees for pollination.
‘Kerman’ is dominant because it blooms late
and bears heavy crops of large, attractive
nuts, which split well and are easy to harvest.
It’s not perfect, however, because its trees
are strongly alternate bearing, and their
nuts’ flavor is mild compared to the best

European and Asian varieties. The danger of
the ‘Kerman’ monoculture is that if new pests
or diseases threaten pistachio orchards, the
lack of genetic diversity will make it more
difficult for the industry to find resistant
varieties.

Nuts are harvested using mechanical
shakers once they start opening on the tree.
Just a few are sold as green nuts, which are
highly perishable; the rest must be processed
within a day, to avoid undesirable staining
of the shells and kernels. Preparation of the
nuts occurs in a plant that rubs the moist,
fibrous hulls off the nuts and dries them
down to about 8% moisture. These are “raw”
pistachios, which account for a minor portion
of sales. Roasting and flavoring then occurs
throughout the year in batches. The kernels
are often eaten whole, either fresh or roasted
and salted. They are also used in a wide
variety of products ranging from ice cream
to various confectionary items, and other
prepared foods.

Photograph taken at the Santa Barbara
Pistachio Company in Cuyama (1 October
2010) © by David Karp.





