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Abstract: Ilex glabra (L. ) A. Gray (inkherry) is a native evergreen shrub with dark green foliage, which is of in-
terest to nursery growets in the northern landscapes in US. Inkberry was hyhridized with cold-hardy male Ilex ver-
ticillaza (L.) A. Gray (common winterbetry) and Ilex X meserveae 5. Y. Hu (meserve holly) to breed cold-har-
dy cultivars. Cross pollination of inkherry wild species and its five cultivars (*Chamzin’, ‘Compacta’, ‘Densa’,
‘Nigra’, and “Shamrock’) with both male plants was carried out in the greenhouses to test their compatibility.

Cross compatihility of common winterherry and meserve holly with inkberry significantly varied among inkhetry and
its cultivars. Inkberry ‘Chamzin’ and ‘Densa’ were more compatible with either common winterberry or meserve
holly, while the wild species and ‘Compacta’ wete less compatible; ‘Nigra’ and ‘Shamrock’ were almost incom-
patible with them. Pollen germination observed in situ with a fluorescence microscope supported the above results.

Pollen germination of common winterherry and meserve holly on the stigma of wild species “Chamzin’, ‘Compac-
ta’, and ‘Densa’ was greater than that on inkberry ‘Nigra” and ‘Shamrock’ stigma in both 2008 and 2008. Fol-
lowing the pollen tube growth, a dramatic reduction of developed pollen tubes was observed as they grew along the
style and into the ovary. The percentage of pollen tubes reaching the ovary of the wild species and ¢ Chamszin’,
‘Compacta’ » or ‘Densa’” was much higher than that of “Nigra’ or ‘Shamrock’ , which increased the probahility of
their tubes entering into the ovule and setting fruit. Most of their seeds were aborted. Less than 2 seeds per fruit
were developed when common wintetherry and meserve holly was the pollinator, while over 3 seeds per fruit were
produced when they pollinated with compatible pollen, Ilex glabra ‘Pretty Boy’. Reproduction harriers. including
the inhibition of pollen germination, pollen tube growth to the style and the ovary, and the lack of fertilization, re-
sulted in the cross incompatihility of inkberry with both cold hardy species. Future cross-pollination studies should
consider the incompatihility of cultivar variations.
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1 Introduction

Iiex L., (holly) comprises at least 500 decidu-
ous and evergreen shrubs or trees with economic
mportance as crops and ornamental plants (Galle,
1997y Loizwau and Spichiger, 2004), Ilex X
meserveae S, Y. Hu (meserve holly), a hybrid
between I. rugosa F. Schmidt { prostrate holly)
and I, aquifolium L. (english holly), is an ev-
ergreen tree or shrub that attains a maximum
height of 1. 8~3. 6 m and a maximum width of
2.4~3, 6 m, The leaves are glossy and bluish to
dark green with prominent spiny margins, Fruits
are showy red or yellow berries (Dirr, 1998).
Meserve holly is a cold-hardy broadleaf evergreen
shrub withstanding temperatures as low as —29
tc —34 T (Dirr, 1598 Rhodus, 2007). On
the other hand, Ilex verticillata (L. ) A. Gray
( common winterberry) is a deciduous multi-
stemmed shrub that grows to a height of 1. 8~
3.0 m. It bears bright red fruits which ripen in
the fall and persist through winter ( Dirr,
1998). The fruiting branches are often used con-
siderably as a Christmas decoration. Commen
winterberry is a very cold-hardy plant, tolerating
temperatures down to about —35 T (Jowa State
University Extension, 2007). Cappiello and Lit-
tlefield (1994) reported that little or no damage
was found on these two species when they were
planted in the Lyle E. Littlefield Ornamentals
Trial Garden at University of Maine in Orono, I-
lex glabra (1. ) A. Gray (Inkberry) is a native
evergreen shrub with glossy, evergreen foliage
and black berries. It grows to a mature height of
1.8 to 2.4 m and a width of 2.4 to 3.0 m
(Dirr, 1998). Tt is a desirable ornamental plant
for northern landscapes. However, inkberry is
less cold hardy than the above two species (Cap-
piello and Littlefield, 1994). It is of practical
mmportance to breed a cold hardy hybrid with
shiny and high quality evergreen foliage for north-
ern nursery growers and landscape specialists,

Inter-specific hybridization and introgression
could be used to tap genes of ornamental impor-
tance for horticulture improvement programs.
However, reproduction barriers that make intro-
gression difficult are common between divergent
relatives and ornamental species, These barriers,
such as genetic incompatibility, lack of fertiliza-
tion, endosperm failure, embryo abortion and
seedling lethality, play an important rele in any
part of the plant’s reproductive cycle ( Hodnett ez
al, , 2005), Although many Ilex hybrids re-
cently have been bred, patented, and marketed
(TS Patent and Trademark Office, 2008; US-
DA National Agricultural Library, 2007), the
biclogical nature of the incompatibility system(s)
that prevent hybridization and/or seed develop-
ment of Ilex species is yet to be understood. The
authors observed that fruit set of inkberry artifi-
clally cross-pollinated with meserve holly and
common winterberry varied among cultivars,
which suggested that some degree of incompati-
bility existed between them (unpublished data}.
Eisenbeiss (1990} reported that a wide range of
compatibility between Ilex species resulted in full
fruit set and fertile seed, to no fruit or seed at all,
He also summarized the compatible Ilex species
under garden conditions. However, there are no
reports in the literature characterizing reproduc-
tive barriers between inkberry, meserve holly and
common winterberry.,

The objectives of this research were to: 1)
investigate the cross-hybrid compatibility of ink-
berry cultivars with both cold hardy meserve hol-
ly and common winterberryy and 2) observe
meserve holly and common winterberry pollen
germination and tube growth in inkberry pistils to
determine if pistil-pollen interactions are repro-

duction barriers to production of inter-specific hy-

brids.
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2 Materials and Methods

2.1 Artificial Pollination

Female Ilex glabra (L.) A, Gray (inkber-
ry} wild species and its cultivars ¢ Chamzin?’,
‘Compacta’, ‘Densa’, ¢Nigra’, and * Sham-
rock? were used for pollination with male Ilex
verticillata (L.) A. Gray ( common winterber-
ry} and Ilex X meserveae S. Y. Hu (meserve
helly) in 2008 and 2009, Pollination was also
conducted among wild species and cultivars of
inkberry in 2009 with ® Pretty Boy’ as the polli-
nator {control; inkberry X inkberry cultivars).
All selected plants were grown in 3. 3 L plastic
pots with Metro-mix 560 (Scotts-sierra Horticul-
tural Products Company, Marysville, OH) and
fertilized with control released fertilizer (Peters
Professional 15 N-4. 4 P-24.9 K, Scotts-sierra
Horticultural Products Company, Marysville,
OH). By the end of November, they were
moved into cold storage at 3. 9 T for over-winte-
ring about 5 months. QOne group of plants was
then moved into a glass greenhouse at University
of Maine (QOronc, ME) on 14 May 2008 and 8
May 2009 to induce flowering for pollination with
meserve holly. Other plants stayed outside until
they were moved into the greenhouse on 24 June
2008 and 22 June 2009 for pellination with com-
mon winterberry or inkberry ¢ Pretty Boy’. Dur-
ing blocming (4 ~ 14 June and 25 June4 July
2008y 26 May6 June and 28 June8 July
2009), hand pollination was carried out as the
protecol described by Dafni (19%92). In brief,
the recently opened male flowers of potted plants
of common winterberry and meserve holly were
collected and stored in clear vials in a cooler at a-
bout 4 T untl use, To avoid dosage interfer-
ence, pollen was shaken onto clear micro-slides
and then brushed ontc the stigma surfaces of ink-
berry cultivars. To ensure active stigma receptivi-
ty, all pollinations were done between 0 ~ 8

hours. Four or less flowers were pollinated on
each branch to eliminate the influence of nutrient
competition on fruit development. After pollina-
ticn, all late opening flowers were removed using
tweezers, Plants were arranged in a randomized
complete bleck design in each of 3 glass green-
houses, Three blocks (three greenhouses) were
used for hand pollination. In each block (green-
house) , each treatment had 1 to 12 plants as
sub-samples based on the available plants. Plants
were randomly arranged in each greenhouse,
Two weeks after pollination, all pollinated plants

were moved outside the greenhouses,
2.2 Pollen-Pistil Interaction

To evaluate pollenpistil interaction for each
case, ten flowers were collected 24 hr after polli-
nation in 2008, and thirty flowers were collected
48 hr after pollination in 2009, Pistils were pro-
cessed using a modified protocol described by Kho
and Baer (1968). They were fixed in formalde-
hyde-acetic acid-alechol (FAA, 46. 3% ethyl al-
cohol, 5.5% formaldehyde, 3.5% methanol,
2.5% glacial acetic acid and 42.2% H;Q)
(Fisher Scientific, Chicage, IL) and stored at
—4 T until examined. Pistils were cleared and
softened in 0. 8 Mol NaOH overnight, stained
with 0. 04% (w/v) aniline blue in 0.1 Mol
KH;PQ, for approximately 30 min, and mounted
on microscope slides in 50 % 0.1 Mol KH; PO,
and 50% glycerol. The slides were kept in the
dark until observation under a Leitz flucrescence
Belmont,

Flucrescence was induced using 390 to

microscope (K. A, Dawson Co,,
MA),
420 nm light filtered from a mercury lamp with a
450 nm emission filter (Martin, 1959 Dumas
and Knox, 1983). Pollen germination on inkber-
ry pistils and pollen tube growth into the style
and ovary were noted. Pollen germination per-
centage and percentages of pollen tube growth to
the style and the ovary were then calculated.
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3  Fruit and Seed Set

On1 Qct. 2008 and 2009, the number of
developed fruits was counted. The percentage of
fruit set was then calculated using the following
equation; (number of fruit on plants <+ number
of flowers pollinated) X 100%. On 15 Oct.
2009, all fruits in each treatment were harvested
and pocled for seed collection. The number of de-
veloped seeds was recorded for each fruit, Devel-
oped seeds were plump and solid, while aborted
seeds were shriveled and papery.

4 Data Analysis

All data including the percentage of pollen
germination on stigma, pollen tube growth to
style and ovary, fruit set and the number seed per
fruit were included in the analysis of variance
(ANOVA). A two way ANOVA was performed
using Statistical Analysis Systems (SAS Version
9.1, SAS Institute, Inc. , Cary, NC). Student-
NewmanKeuls Test at P<C0. 05 was applied for

means separation,
5 Results and Discussion
5.1 Pollen-Pistil Interaction

A significant difference of pollen germination
percentage (P <C 0. 0001 for 2008 and 2009)
and the percentage of pellen tube growth inte the
style (P < 0.0001 and P = 0. 0039 for 2008
and 2009, respectively) was observed between
common winterberry and meserve holly as polli-
nators in both years, The percentage of their pol-
len tube growth into the ovary was also signifi-
cant between both pollinators in 2008 (P =
0.0094), butnotin 2009 (P = 0. 67). Pollen
germination percentage ( P = 0.13) and per-
centage of pollen tube growth into the style (P

= 0. 86) among inkberry cultivars were not sig-

nificant in 2008; however, they differed among
mkberry cultivars (P <C 0. 0001) in 2009. The
percentage of pollen tubes that grew into the ova-
ry differed among inkberry cultivars ( P<C
0.0001) in 2008, but not in 2009 (P =
0.12). A significant interaction between pollina-
tors and cultivars for pollen germination percent-
age (P < 0.0001) and percentage of its pollen
tube growth into the style (P < 0, 0001} and o
vary (P = 0. 0006) was found in 2009, but not
in 2008 (P > 0.11).

Compared with 2008 pollination, pollen ger-
mination of both common winterberry and
meserve holly were much lower in 2009 (Table 1
and 3). This might have resulted from higher
humidity during the 2009 blocom season since
higher relative humidity tends to decrease pollen
viability ( Dubay and Murdy, 1983; Perveen ez
al, , 2007). Tn both years, pollen germination
of common winterberry and the percentage of its
pollen tube growth intc the style were higher
than that of meserve holly regardless of the culti-
vars (See Table 1 and 3). Pollen germination on
inkberry stigma surface was 25.5% ~ 39.2%
for common winterberry and 9. 8% ~23. 9% for
meserve holly in 2008 (See Table 1), and
14. 6% ~21.1% for common winterberry and
6. 7% ~18.0% for meserve holly in 2009 (Ta-
ble 2). Tt is not surprising since an interspecific
hybrid such as meserve holly could have a high
degree of pollen sterility ( Fisenbeiss, 19%0),
Compared with pollen of inkberry °Pretty Boy?
on inkberry stigma surfaces ( control}, pollen
germination of common winterberry and meserve
holly were 3. 2%~33. 0% (common winterber-
ry) and 17. 4% ~69. 3% (meserve holly) less
(See Table 2), This reduced the opportunity of
their tubes growing into the ovule and then fruit

and seed setting,
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Tablel Pollen germination and tobe growth in Ilex giabra pistlls following polimation with Ifex <
meserveae aml Ilex verticillata In 2008

Femal Mal Pollen Gemminationz /% % Pollen Tube Growth to the:z

emale e en Lrerminatonz / o Style Ovary
Tiex glabra 21,5 +3.0 bedy 11,3 =+ 2,1 be 1,8+ 0.4 be
Tiex glabra ‘ Compacta’ 23,9 +1, 2 abed 12,8 = 1,5 be 0,5 +0.2¢
Tiex glabra “ Densa’ Hlex X meserveae 21,3 + 6.3 bed 11,2 + 4,9 be 0.6 £ 0,4¢
Tiex glabra “Nigra’ 9.8 +2,7d 5,9+ 2, 0¢c¢ 0,0 +0,0¢
Tiex glabra ° Shamrock’ 17,7+ 2,5 od 12,0 = 1,8 be 0,0 +0,0c¢
Tiex glabra 39,2+ 5,5a 21,7+ 3.4 ab 3.3+ 0.9a
Iiex glabra ‘ Compacta’ 28,2 + 2,5 abe 17,4+ 1,9 ab 0,9+ 0,.4bc
Tiex glabra “ Densa’ Tlex verticillata 25,5 + 2,4 abe 13,8 = 1,8 be 2,2+ 0,7 ab
Tiex glabra ‘ Nigra’ 35,5+ 3.5ab 23,7+ 3. 2a 0,2+ 0,2¢
Tiex glabra ° Shamrock’ 33,1+ 4,5 abe 20,1+ 3,2 ab 0,0 +0,0c¢

£ Values are mesns + standard error of 10 pistils,
y Different letters in colurnns indieate that they are signifieantly different ( P=<10.05) according to Student-Newman-Keuls mesn separation,

Table 2 Pollen germination and tobe growth in Ilex glabra pistlls following pollimation with Ifex <
meserveae and Ilex verticillata In 2005

Female Male Pollen Germinationz /% % Pollen Tubo Growth t the:

Style Ovary
Controly 21,8 +£1, 2 ax 5,5 +0.5a 1,3 +0,2a
llex glabra 14,8 +£1.2 b 0,9+0.2d 0,1+0.0b
Hiex glabra © Chamzin’ 8,8 +0,8¢ 1,54+0.5 d 0,4+0,1 ab
Hex glabra ‘Compacta’ 15,1 +1.5 b 3.0+0,5 be 0,740, 4 ab

Hlex X meserveae

Tiex giabra * Densa’ 18,0 +£1,0 ab 5,1+0.9 a 0,9+0.3a
Tiex glabra " Nigra’ 6,7+0,7¢c 0,8+0.2d 0,3+0,1ab
Tiex glabra © Shamrock’ 14,7 +£0,7b 0,8+0.2d 0,3+0,1ab
llex glabra 18,6 +£0,7 ab 2,740, 4 ed 0,640, 2 ab
Hiex glabra © Chamzin’ 17,9 +£1, 0 ab 4,5+0, 6 ab 1,0+0.2 a
Hex glabra ‘Compacta’ 15,8 +£1.1b 3,040, 4 be 0,5+0,1ab
Tiex giabra * Densa’ Tlex verticillata 21,1 +1,3a 2,940,5 be 0,1+0.1b
Tiex glabra " Nigra’ 14,6 +£0,8 b 2,440,3 od 0, 3+0, 1ab
Tiex glabra © Shamrock’ 14,9 +1,0 b 1,240, 4 ed 0,3+0,2 ab

£ Values are Tneans + standard error of 30 pistils, y Ilex glabra pollinated with compatible pollen of ¢ Pretty Boy® was used as control. = Inf-
ferent letters in each colurnn mdicate that they are signifieantly different { P=0.05) according to Student-Newman-Keuls mesn separation,

Table 3 Fruit set of Ilex glabra accesslons following pollination with Hex < meservece and Ilex verticillata on 1
Oct, 2008 and 2008

Fruit Set / Az
Taxa (Female) Iiex glabra ‘ Pretty Boy’ Tiex X meserveae (Male) Tiex verticillata (Male)
2009 2008 2009 2008 2009

llex glabra 96,3 + 1, 3 ay 47,8+ 3,0a 20,3+ 5,3ab 26,0+ 2,5b 11,7 + 3. 5b

Iiex glabra ‘Chamzin’ 97,2+ 1,0a 39,0+ 7.8ab 17,2 + 6,6ab 65,9+ 3, 2a 72,0 + 3,8a
Tiex giabra ‘Compacta’ 83.8 £ 5.2a 21,2+ 4,0bc 24,1+ 7.8ab 29,5+ 1,6b 14,4+ 2, 2b
Tiex giabra " Densa’ 96,3+ 0,.7a 56,6 + 6, 7a 57,8 £ 3.3a 72,3+ 1,9a 72,4 + 2,6a
Tiex glabra * Nigra’ 97,8+t 1. 1a 4,7+ 0, 8c 12,3 +4,4ab 13.1+ 1,1z 2,7+ 0,7b
Hex glabra ‘Shamrock’ 98,8+t 1,0a 2,0 £+ 0, 6c 56§+ 1,0b 1,7+ 0, 2¢ 0,2+ 0,1b

£ Values are mesns + standard error of three replications, y Different letters in each eolunn indieate that they are signifieantly different { P
0. 05) according to Student-Newman-Keuls eesn separation, x Data of preliminary experiment in 2007 are presented as a reference but were excluded

from the analyss,
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Following pollen tube growth, the number
of pollen tubes observed in the style was dramat-
ically reduced by 33. 2% ~45. 9% (2008) and
74.9% ~91.9% (2009) for common winter-
berry, and 32.2% ~ 47.4% (2008) and
71. 7% ~94. 6% (2009) for meserve holly (See
Table 1 and 3). This trend was cbserved in Sor-
ghum bicolor pistils following pollination with
other Sorghum species (Hodnett ez al. , 2005),
At this stage, the number of pellen tubes was
18.2% ~ 78.2% (common winterberry) and
7.3%~85.5% (meserve holly) less than that
of inkberry ¢ Pretty Boy” (contrcl). This stage
further decreased the possibility of their tubes en-
tering into ovule and thus reduced fruit setting,

Tn 2008, the percentage of pollen tube grow-
ing to the ovaries of inkberry wild species and its
cultivars  Compacta’ , *Densa’ and ® Nigra’ was
less than 3.3% and 1.8% when common win-
terberry and meserve holly were used as a pollina-
tor, respectively (See Table 1). However, pol-
len tubes were never observed in the ovaries of
the inkberry ¢ Shamrock? , which might be due to
a small sample size or short period after pollina-
tion. In 2009, less than 1.0% and 0.9% of
pellen tubes grew to the ovaries of inkberry when
pellinated with common winterberry and meserve
holly, respectively (See Table 2). These num-
bers only accounted for 76.9% and 69.2% of
that when inkberry ¢ Pretty Boy”? was used as a
pollinator. The probability of fruit setting was
further decreased at this stage,

5.2 Fruit Set

A significant difference in fruit set occurred
between pollen sources (2008: P = 0.005;
2009; P = 0.0047), among inkberry cultivars
(P <C 0. 0001 for both years) and interaction of
both factors (2008: P = 0.044, 2009 P <
0. 0001),

A large variation in fruit set occurred among

inkberry cultivars pellinated with common win-

terberry in both years (See Table 3). In 2008,
fruit set for inkberry ¢ Densa’ and ¢ Chamzin’
was 72. 3% and 65. 9%, respectively, while in
2009 fruit set was about 72%. Less fruit were
observed on the inkberry wild species and its cul-
tivars ¢ Compacta’ in both years. ¢ Nigra’ and
¢ Shamrock” had 13.1% and 1. 7% fruits set,
respectively, in 2008, while only 2.7% and
0.2% fruits was observed in 2009, Similarly,
fruit set varied to some degree among inkberry
cultivars when pollinated with meserve holly (See
Table 3), Inkberry ‘Densa’ had the highest fruit
set in both years, The fruit set of inkberry wild
species, ‘ Chamzin’, and ¢ Compacta’ ranged
from 21. 2% to 47. 8%, but fruit set on inkber-
ry ‘Nigra’ and ¢ Shamrock”’ in 2008 was only
4.7% and 2. 0%, respectively. In 2009, fruit
set for inkberry wild species, ¢ Chamzin’, *Com-
pacta’, and ¢Nigra’ ranged from 12.3% to
24. 1% , while fruit set for inkberry ¢ Shamrock’
was only 5. 6%. Inaddition, when inkberry wild
species, * Chamzin’, ‘Densa’, ‘Nigra’, and
¢ Shamrock ? pollinated with inkberry ¢ Pretty
Boy’, the fruit sets were 96. 3% or more. Even
on inkberry Compacta’, there still had 83. 8%
of fruit setting (See Table 3). These were much
higher than that pollinated with common winter-
berry and meserve holly.

Based on hand pellination for two years, the
fruit set of inkberry differed from one cultivar to
another when pollinated with common winterber-
ry or meserve holly., This was in agreement with
previous reports by Vargs ez al, (2002)., They
found that fruit set of Prunus dulcis (Mill, } D.
A. Webb (almond) differed considerably among
cultivars., Davies and Buchanan (1979) reported
the fruit set of Vaccinium ashei Reade (rabbiteye
blueberry) varied with its cultivars, Qur results
also indicated that most inkberry cultivars pro-
duced more fruits when pellinated with common
winterberry than with meserve holly. This was

reasonable since pollen germination of commeon
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winterberry on inkberry stigma was much higher
and a higher percentage of its pollen tubes grew
into inkberry ovaries. Similar results were found
in Prunus cerasus L. (sour cherry); cultivars
with higher pollen germination produced higher
fruit set ( Milutinovic ez al. , 1998). Tn addi-
tion, when highly-compatible intraspecific pollen
was used for pollination of inkberry cultivars,
there was over 83. 8% fruit set of inkberry culti-
vars with no significant difference among cultivars
(P = 0.06) (See Table 3), This suggested no
self sterility existed among cultivars. Thus, in-
ter-specific compatibility barriers among these
two Ilex species and one interspecific hybrid
might be responsible for the lower fruit set and

large variation among cultivars,
5.3 Seed Set

Seed sets were significant among pollen
sources (P < 0,0001). Inkberry and its culti-
vars produced more seeds per fruit when pollina-
ted with compatible pollen, inkberry ¢ Pretty

boy’. The number of seeds per fruit was over 3

when inkberry ¢ Pretty boy” was the pollinator,
while less than 2 when common winterberry and
meserve holly (See Table 4). The number of
seeds per fruit significantly varied with inkberry
cultivars (P < 0. 0001). When inkberry ¢ Pret-
ty boy’ was the pollen source, about 5 seeds per
fruit were observed for inkberry * Chamzin?,
‘Densa’ , and * Nigra’, 4 seeds per fruit for ink-
berry ¢ Shamrock” , while 3 for inkberry and ink-
berry ¢ Compacta’ (See Table 4),

when pollinated with common winterberry, ink-

However,
berry, inkberry ¢ Chamzin’, ¢ Densa’, and
“Nigra’ produced only one seed per fruit (See
Table 4). Some plants didn”’ t produce any seed.
Similarly, inkberry ¢ Chamzin’?, °Densa’, and
¢ Shamrock’ with meserve holly as pollen source
had about one seed per fruit, while 2 seeds per
fruit was recorded for inkberry *Nigra’ (See Ta-
ble 4). In addition, an interaction of both pollen
sources and inkberry cultivars was also observed
(P < 0.0001). These results implied that com-
mon winterberry and meserve holly had lower

prebability of fertilization,

Table 4 Seed sets of inkberry accesslons following pollination with Ilex < meservece and Ilex verticillata In 2005
Number of Seeds per Fruit
Accessions(Female)
Tiex glabra ‘Pretty Boy’ Tlex X meservene Ilex verticillata
llex glabra 3,0 = 0,1zey (1000 x 0,2+ 0,1c(36) 1.L1+0,2a29)

Tiex glabra * Chamzin’
Tiex glabra ‘ Compacta’
Tiex giabra “ Densa’
Tiex glabra ‘ Nigra®

52X 0,1a(71)
3.4 +0,2d (51>
4,7 £ 0,2 b (52)
4,6 = 0,2 b (557
3.9 £ 0,2 c (51

0.9+ 0,2 b(26)
0.3 = 0,1c (67
1.0 = 0,2 b (50
2,4 £ 0,3 a040)
0.8 = 0,4 bec (107

1,3 £ 0,2 a (86
0.4 £ 0,1c(62)
1,1 £ 0, 1a (125>
1,3+ 0,5ab (7
0,4+ 0,1bc (52

Hiex glabra ‘Shamrock’

£ Values are oems + standard error. y Different letters in each colrmnn indieate that they are sgnificantly different { P<20. 05) according to
Student-Newman-Keuls mean separation, x Data in parentheses are the numnber of seeds observed,

Other factors, such as ovule penetration,
endosperm failure and/or embryc abortion may
account for lower fruit and seed set. Therefore, a
histological study should be conducted to deter-
mine what results in low seed development after
pollination. Seed germination would provide evi-
dence as to whether or not fertilization is cccur-

ring and if the developing embryo aborts or the

endosperm deteriorates, Both histological study
and germination study are still under way.

In summary, cross compatibility of meserve
holly or commeon winterberry with inkberry varied
among inkberry wild species and its cultivars,
The inkberry wild species, its cultivars * Cham-
zin? and ‘Densa’ had greater compatibility with

either meserve holly or common winterberry,
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while ¢ Compacta’ and ° Nigra’ were less com-
patibile and ¢ Shamrock’ was almost incompatible
with either meserve holly or common winterber-
ry. Reproduction barriers, including the inhibi-
tion of pellen germination, pollen tube growth to
the style and the ovary, and lack of fertilization,
resulted in varying degrees of the cross incompati-
bility of inkberry with both cold hardy species,
Further cross pollination sheould consider should

consider the incompatibility of cultivar variations,
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W OE: HELFRFREE™ R BREAR, RO RS 3R 5% B0 B AR Ao
FHER. AETHOUCRNR, BEEFMET WAL RAELF RIFEF S 0 a0 S e fn
MAFRETH (BFREFRNRELF ST TATERER N HAR RN ET THE. 4RR
W ABEAFSHARAFTRNRBEA T RXF AR R BE . 4 F Chamzin M Densa 3 55 Fr 5 ¥
HRAFRAXRBELFHERNEES, A FAHF ARF R Compacta RIFEHMSHEHBRL FRAXRBLF R
ERNMERAG, WA H4LF Nigra Ml Shamrock R HTERHEXSHEFBRAFTFNRELEAHE. KrEM
BT 2008 4E R 2000 FERFEMHR W MBI L XX —4R. BHABRLAFNRBLFERERE
A ¥ H &%, Chamzin, Compacta I Densa 3% 35 2 Fkk % L85 R # W B8 T Nigra R Shamrock 38 35 255k
X EMERE, ERFEELTHERZIAFAEERWH, AARABLHERTEABTHD.
FHHRAFRRELHFENT IR E4AH A4 F . Chamzn, Compacta R Densa 3 55 250 7 5 i ] 9
B ¥ T 213X Nigra 81 Shamrock 3% 285 T 589 IS, KM T BB EE AR BILE, HBEZHE
. MREPHTEHBERIA, KABIFHTKE. SHARAFTARBLFTERSARAFTFENE 81
FRELPHARB 2FTFRI T2, MEARLFERSARATFERR SR L PAEM 3 M T5
SRR HIEB 6. Hik . MBERHRRERTEALDE TR PAR . ZERKZER 2ICLHE
AHHEBBRAT NRELF LA FN 755 04 FH R3ETH D, BE S5 2R 355 5 F 1) 2 36 R Rt
.
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