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Summary. Three triploid ( 2 n = 3 x = 3 6 )  blueberry hy- 
brids were obtained by hand-pollinating approximately 
7,000 flowers of tetraploid highbush blueberry cultivars 
(based on Vaccinium corymbosum L.) with pollen from 
the diploid species V. elliottii Chapm. Meiotic analysis of 
these triploids revealed trivalents, bivalents and univa- 
lents in all metaphase I cells, with lagging chromosomes 
evident at anaphase I. Pollen of the three triploids was 
mostly aborted and did not stain with acetocarmine. 
However, the three triploids did produce from 
0 .9%-  1.3% giant pollen grains that stained with aceto- 
carmine and were present as monads, dyads or triads, 
rather than the normal tetrads. Pollination of 10,853 
flowers of hexaploid V. ashei Reade cultivars with pollen 
from the triploids produced 266 berries, which averaged 
fewer than two fully-developed seeds per berry. One trip- 
loid clone showed partial female fertility when crossed to 
hexaploids, self-pollinated, or intercrossed with other 
triploids. Ploidy levels of the resulting hybrids were de- 
termined. 
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Introduction 

The cultivated blueberries of North America are of three 
major types: lowbush, highbush and rabbiteye. These 
correspond loosely to three species in Vaecinium section 
Cyanococcus: V. angustifoIium Ait., V. corymbosum L. 
and V. ashei Reade, respectively. Interspecific hybridiza- 
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tion has been used in cultivar breeding, especially among 
highbush blueberries. Section Cyanococcus also contains 
many uncultivated species (Camp 1945). 

Vaccinium section Cyanococcus appears to be evolv- 
ing rapidly. Some of the species that differ markedly in 
habitat preference and in morphology can readily be 
hybridized in the greenhouse, and form vigorous, fertile 
hybrids (Darrow et al. 1952; Ballington and Galletta 
1978; Vander Kloet 1983). Two factors that reduce natu- 
ral interspecific hybridization among sympatric species 
are differences in habitat preference and differences in 
chromosome number (Camp 1945; Darrow and Camp 
1945; Galletta 1975). 

Success rates from heteroploid crosses range from 
moderate to very low, depending upon the species and 
ploidy levels involved. Possibly the most successful 
heteroploid cross attempted to date is V. corymbosum 
(4x) x V. ashei (6x), or the reciprocal cross, which yields 
partially fertile pentaploids (Moore et al. 1964; Jelenko- 
vic and Draper 1973; Vorsa et al. 1987). Crosses between 
tetraploid and diploid species yield mostly tetraploid hy- 
brids (Sharpe and Darrow 1959), and the ease with which 
the cross can be made varies directly with the frequency 
of 2 n gametes produced by the diploid parent. Frequency 
of 2 n gamete formation varies widely among Vaccinium 
species and among clones within species (Cockerham and 
Galletta 1976; Megalos and Ballington 1987). 

The triploid block, which prevents recovery of trip- 
loid hybrids in tetraploid x diploid crosses (Woodell and 
Valentine 1961), is strong in Vacciniurn. Until recently, 
the only triploid reported in the genus was a naturally 
occurring clone of V. vitis-idaea L. found in Finland 
(Ahokas 1971). Attempts to enhance production of hy- 
brid seedlings from tetraploid V. corymbosum x diploid 
V. elliottii crosses by various in vitro techniques were not 
successful (Munoz 1985). 
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As a result  o f  n u m e r o u s  a t tempts  to cross te t raploid 
h ighbush  V. corymbosum cult ivars with the nat ive dip- 
loid species V. elliottii, we ob ta ined  three vigorous trip- 
loid hybr ids  (Lyrene and  She rman  1983). The purpose  of  
this s tudy was to examine  the fertility of  these hybrids,  
par t icular ly  in crosses with hexaploid  V. ashei. 

Materials and methods 

The three triploids examined in this study were obtained from a 
population of 300 seedlings produced by pollinating 7,000 flow- 
ers of tetraploid breeding lines from the University of Florida 
blueberry breeding program with pollen from the diploid wild 
species V. elliottii. About 15 different tetraploid clones were 
used as seed parents. The three triploid hybrids were derived 
from three different tetraploid parents: Fla. 78-15, Fla. 65-12 
and Fla. 64-76. The three triploid clones were identified by 
counting chromosomes from somatic cells of 35 plants that 
appeared to have hybrid characteristics. 

Meiosis was studied in the three triploids. In order to es- 
timate the frequency of unreduced gametes in the three triploid 
clones, pollen diameter and stainability were determined by mi- 
croscopic examination after staining for 1 h with acetocarmine. 
Considering only the well-strained pollen, the frequency of un- 
reduced gametes was estimated using the equation 

A + 2 B + C  
T 

where A is the number of monads, B is the number of diads, C 
is the number of triads and T is the total number of pollen grains 
examined. Fertility of the three triploid clones was estimated by 
crossing them with hexaploid V. ashei cultivars and by inter- 
crossing and self-pollinating the triploids. Ft seeds were ex- 
tracted from mature berries, dried and refrigerated until late 
October, and then germinated on the surface of peat in the 
greenhouse. The following May seedlings were transferred to the 

field. Of the 165 seedlings obtained, 111 were selected as hybrids 
based on vegetative, flower and fruit characteristics. Flower 
buds from the hybrids plants were collected for chromosome 
counts. 

Results 

C h r o m o s o m e  associat ions at metaphase  I were similar 
for the three tr iploid clones and  included univalents ,  
bivalents,  t r ivalents and  quadr iva lents  (Fig. 1). Table 1 
shows the var ious  associat ions observed. A n a p h a s e  I fre- 
quent ly  showed 1 - 6  lagging chromosomes  that  were 
ma in t a ined  th rough  telophase I (Fig. 2). Very few lagging 
chromosomes  were evident  in anaphase  II  (Fig. 3). 

Less than  1.5% of  the pol len in each of  the three 
tr iploid clones was s ta inable  using acetocarmine.  Mos t  o f  
the pol len was small, i rregularly shaped and  apparen t ly  

Table l. Range and mean ofchromosome associations in PMCs 
of triploid blueberry at Metaphase I 

Clone No. of 
cells 

Chromosome associations at metaphase I 

Uni- Bi- Tri- Quadri- 
valents valents valents valents 

80-1 15 4-9  5-10 2-5 0-2  
(7.52) (8.00) (3.09) (0.80) 

81-19 11 5-9 4-10 3-6 0-2  
(7.59) (6.90) (3.02) (1.39) 

82-208 25 3-8 5-9 2-6  0 -2  
(6.00) (6.60) (3.64) (1.47) 

Fig. 1. Fig. 2. 

Fig. 1. Meiotic metaphase I in triploid 82-208 (2n = 3x = 36) with 5 I, 4 II, 5 III and 2 IV 

Fig. 2. Anaphase I in triploid 82-208 with 2 lagging chromosomes 

Fig. 3. Late Anaphase II in 82-208 with no lagging chromosomes 

Fig. 3 



Table 2. Frequency of sporad types and estimated unreduced gamete frequency for 3 triploid clones 
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Triploid clone Total 
examined 

No. of sporads ~ consisting of 

four spores one large two large one large 
stained spore stained spores stained spore 

plus two 
small spores 

Estimated 
unreduced 
gamete 
frequency 

Fla. 80-1 7,024 6,721 32 61 210 1.3% 
Fla. 81-19 2,170 2,070 4 15 61 1.1% 
Fla. 82-208 3,854 3,741 12 25 76 0.9% 

A sporad comprises the post-meiotic products of one pollen mother cell, which in Vaccinium are bound together as a unit 

Table 3. Fertility of blueberry triploids and viability of resulting seeds and progeny 

Seed parent Pollen parent Flowers Fruit set Mean plump No. of No. of 
pollinated (%) seed/fruit seedlings hybrids" 

V. ashei cultivars (6x) Fla. 82-208 (3x) 5,206 0.6 1.8 23 16 
V. ashei cultivars (6x) Fla. 81-19 (3x) 2,311 3.0 1.9 42 22 
V. ashei cultivars (6x) Fla. 80-1 (3x) 3,336 5.0 1.6 74 53 
Fla. 82-208 (3x) V. ashei (6x) 809 10.5 1.7 61 61 
Fla. 81-19 (3x) V. ashei (6x) 2,160 0.0 0.0 0 0 
Fla. 80-1 (3x) V. ashei (6x) 3,174 0.0 0.0 0 0 
Fla. 82-208 (3x) Fla. 81-19 (3x) 717 0.0 0.0 0 0 
Fla. 81-19 (3x) Fla. 82-208 (3x) 390 3.3 1.0 2 2 
Fla. 81-19 (3x) Fla. 80-1 (3x) 1,711 0.0 0.0 0 0 
Fla. 80-1 (3x) Fla. 82-208 (3x) 1,270 0.0 0.0 0 0 
Fla. 80-1 (3x) Fla. 81-19 (3x) 997 0.0 0.0 0 0 
Fla. 82-208 (3x) Self-pollinated 810 0.6 1.0 3 0 
Fla. 80-1 (3x) Self-pollinated 800 0.0 0.0 0 0 
Fla. 81-19 (3x) Self-pollinated 919 0.0 0.0 0 0 

a Showed elements of parent species morphology 

abortive.  Each of  the three tr iploid clones produced 
0 . 9 % -  1.1% large, well-stained microspores,  occurring 
as monads  and dyads (Table 2). These were assumed to 
contain  2n or  4n gametes. 

Fert i l i ty of  these triploids, measured as percent fruit 
set, number  of  large seeds per fruit  and percent seed 
germination,  was very low in all crosses a t tempted 
(Table 3). Hexaplo id  V. ashei cultivars pol l inated with 
pollen from the three triploids produced 0 . 6 % - 5 . 0 %  
fruit  set and averaged fewer than two full-size seeds per 
fruit (Table 3). Compared  to the average fruit  set percent- 
age (46) and the average number  of  seed per berry (9) in 
hexaploid x hexaploid  crosses (EI-Agamy et al. 1981), 
fertility of  hexaploid x t r iploid crosses was approximate-  
ly 1.2% as high. Only one tr iploid clone, Fla.  82-208, set 
fruit when poll inated by hexaploid V. ashei, whereas the 
other  two clones showed complete  female sterility re- 
gardless of  pollen source. Intercrosses among the three 
t r iploid clones and self-pollinations also failed to set 
seed, except Fla.  82-208. All  seedlings from V. ashei 
x tr iploids were hexaploid,  as determined by chromo-  

some counts, whereas t r i p lo idxhexap lo id ,  t r iploid 

x triploid, and self-poll ination of  tr iploids produced  pro-  
genies with chromosome numbers ranging from 60-72 
(Table 4). 

Discussion 

The fact that  few tr iploids have been repor ted  f rom large- 
scale 4 x - 2 x  crossing efforts in Vaccinium, despite the 
recovery of  the fairly large number  o f  4 x hybrids  (Sharpe 
and Dar row 1959; Sharpe and Sherman 1971), indicates 
that  the tr iploid block is well developed in Vaccinium. 

Selection pressure favoring the evolut ion of  such a block 
would p robab ly  be high in nature due to the frequent 
sympatr ic  occurrence of  diploid and te t raploid Vaccinium 
species (Camp 1945; Vander Kloet  1977; Lyrene and 
Sherman 1980), coupled with the high degree of  sterility 
observed in triploids. The recovery o f  t r iploid hybrids 
f rom tetraploid V. corymbosum x diploid V. elliottii 
crosses probably  does not  reflect a weakening of  the 
tr iploid block with this species combinat ion,  but  results 
instead from the very large number  of  flowers that  were 
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Table 4. Distribution of chromosome number in progeny from crosses using blueberry triploids as male and female parent 

Cross No. of Chromosome no. 
progeny 

Female parent Male parent 72 71 70 69 68 60 

V. ashei (6x) Fla. 80-1 (3x) 53 51 2 
V. ashei (6x) Fla. 81-19 (3x) 22 22 
V. ashei (6x) Fla. 82-208 (3x) 16 16 
Fla. 82-208 (3x) V. ashei (6x) 61 35 9 9 
Fla. 82-208 (3x) Fla. 80-1 (3x) 2 1 1 
Fla. 82-208 (3x)" Fla. 82-208 (3x) 3 2 1 

3 2 3 

a Manual self pollination 

poll inated,  along with the relatively low frequency of  
te t raploid  hybrids produced.  

The three tr iploids studied were similar in meiotic 
behavior,  a l though there was considerable variat ion in 
seed set. The high frequency of  trivalents (2 6 per meio- 
cyte) in the three tr iploids suggested close homology 
among the three sets of  chromosomes present. 

Chromosome  associat ion in quadrivalents  appeared 
to be common in the three triploids. It was not  certain 
whether these were loose secondary associations, re- 
por ted  previously in blueberry (Jelenkovic and Hough 
1970), or whether they were true multivalents resulting 
from translocat ion.  The possibili ty has been raised by 
Ahokas  (1971) and by Goldy  (1983) that  the basic chro- 
mosome number  in Vaccinium might be 6 rather  than 12 
as has generally been assumed. I f  x =  6 in Vaccinium, 
quadrivalents  and higher multivalents could be expected 
in a 36-chromosome plant  where normal  pair ing rela- 
t ionships had been disrupted by wide hybridity.  

The est imated unreduced gamete frequency for the 
three tr iploid clones was near 1%, and the very low 
fertility of  the tr iploids in crosses with hexaploids was 
surprising. Two of  the three tr iploids (Fla. 82-208 and 
Fla. 80-1) shed pollen rather  copiously,  and stigmas of  
the seed parents  were heavily coated with pollen. It is 
likely that  most  stigmas received at least one ( 3 x =  36) 
gamete. Therefore, it appears  that  3 x gametes from the 
tr iploids were not  very efficient at fertilizing 3 x eggs from 
the hexaploids or from the triploids. 

Because the number  of  flowers poll inated was great, 
a fairly large number  of  full-size seeds was obtained.  In 
Vaccinium, 6 x - 3 x  and 3 x - 3 x  crosses and 3x  self- 
pol l inat ions have not  been previously reported.  Chromo-  
some number  of  progeny from these crosses suggest that  
a selective advantage  exists for male gametophytes  hav- 
ing approximate ly  the same ploidy as the eggs. Most  of  
the aneuploids  from 3 x - 6 x  crosses had fewer than 
2 n = 6 x = 72 chromosomes.  Evidently, female gameto-  
phytes from triploids may function even they are defi- 
cient for more  than one chromosome,  whereas most  
aneuploid  male gametophytes  did not  function. 

It is hoped that by using these triploids to bridge 
diploid and tetraploid species, progeny can be selected 
that will combine the early fruit ripening of  V. elliottii 
and V. corymbosum with the large berry size of  
V. corymbosum and V. ashei, and the high vigor and heat 
tolerance of  V. elliottii and V. ashei. Studies on inher- 
itance of  these impor tant  characteristics are now under- 
way. 

References 

Ahokas H (1971) Notes on polyploidy and hybridity in Vaccini- 
um species. Ann Bot Fenn 8:254-256 

Ballington JR, Galletta GJ (1978) Comparative crossability of 4 
diploid Vaccinium species. J Am Soc Hortic Sci 103: 554-560 

Camp WH (1945) The north American blueberries with notes on 
other groups of Vacciniaceae. Brittonia 5:203-275 

Cockerham LE, Galletta GJ (1976) A survey of pollen charac- 
teristics in certain Vaccinium species. J Am Soc Hortic Sci 
101:671-676 

Darrow GM, Camp WH (1945) Vaccinium hybrids and the de- 
velopment of new horticultural material. Bull Torrey Bot 
Club 72: 1-21 

Darrow GM, Morrow EB, Scott DH (1952) An evaluation of 
interspecific blueberry crosses. Proc Am Soc Hortic Sci 
59:277-282 

E1-Agamy SZA, Sherman WB, Lyrene PM (1981) Fruit set and 
seed number from self- and cross-pollinated high bush (4 • ) 
and rabbiteye (6 • ) blueberries. J Am Soc Hortic Sci 106: 
443 -445 

Galletta GJ (1975) Blueberries and cranberries. In: Janick J, 
Moore JN (eds) Advances in fruit breeding. Purdue Univer- 
sity Press, West Lafayette, pp 154-196 

Goldy RG (1983) Heteroploid gene transfers in Vaccinium sec- 
tion Cyanococcus. PhD thesis. University of Florida, Gaines- 
ville/FL, USA 

Jelenkovic G, Draper AD (1973) Breeding value of pentaploid 
interspecific hybrids of Vaccinium. Jugosl Vocarstvo 7 
(25/26):237 244 

Jelenkovic G, Hough LF (1970) Chromosome associations in 
the first meiotic division in three tetraploid clones of Vaccini- 
um corymbosum L. Can J Genet Cytol 12:316-324 

Kloet SP Van der (1977) Potential and actual gene exchange 
among three sympatric species of Vaecinium Section Cyano- 
coccus in Highlands County, Florida. Can J Bot 
55:2668-2672 



559 

Kloet SP Van der (1983) The taxonomy of Vaccinium cyanococ- 
eus: a summation. Can J Bot 61:256-266 

Lyrene PM, Sherman WB (1980) Horticultural characteristics of 
native Vaceinium darrowi, II. elliottii, V.fuscatum, and 
V. myrsinites in Alachua County, Florida. J Am Soc Hortic 
Sci 105:393-396 

Lyrene PM, Sherman WB (1983) Mitotic instability and 2n 
gamete production in Vaecinium eorymbosum x V. elliottii 
hybrids. J Am Soc Hortic Sci 108:339-342 

Megalos BS, Ballington JR (1987) Pollen viability in five South- 
eastern United States diploid species of Vaceinium. J Am Soc 
Hortic Sci 112:1009-1012 

Moore JN, Scott DH, Dermen H (1964) Development of a 
decaploid blueberry by colchicine treatment. Proc Am Soc 
Hortic Sci 84:274-279 

Munoz CE, Lyrene PM (1985) In vitro attempts to overcome the 
cross-incompatibility between Vaccinium corymbosum L. 
and V. elliottii Chapm. Theor Appl Genet 69:591-596 

Sharpe RH, Darrow GM (1959) Breeding blueberries for the 
Florida climate. Proc Fla State Hortic Soc 72:308-311 

Sharpe RH, Sherman WB (1971) Breeding blueberries for low 
chilling requirement. HortScience 6:145-147 

Vorsa N, Jelenkovic G, Draper AD, Welker WV (1987) Fertility 
of 4x x 5x and 5x x 4x progenies derived from Vaccinium 
ashei/corymbosum pentaploid hybrids. J Am Soc Hortic Sci 
112:993-997 

WoodeU SRJ, Valentine DH (1961) Studies in British Primulas 
IX. Seed incompatibility in diploid-autotetraploid crosses. 
New Phytol 60:282-295 


