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Pollinator selection in kiwifruit (Actinidia deliciosa)
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SUMMARY
Pollinator performance was evaluated in kiwifruit to select pollinators for cv. Hayward
adapted to the cultural conditions of southern Europe. Flowering time was determined in
forty male seedlings. From, these, nine were selected for having a flowering period over-
lapping with ‘Hayward’. In these nine males, as well as in the commercial pollinators
‘Matua’ and ‘Tomuri’, the production of pollen was studied over two years, investigating
pollen quantity through flower density and pollen production per flower. Likewise, in vit-
ro pollen viability and its in vitro germination were recorded to study pollen quality.
Finally, in vivo pollen performance was studied through fruit set and fruit characteristics
in controlled hand pollinations. Two males have been selected with a flowering period
coincident with ‘Hayward’, which produce more than twice as much germinable pollen
than commercial pollinators. Whilst there were no significant differences in pollen quality
or in fruit production, clear differences existed for pollen quantity in terms of both flower
density and pollen production per flower. As pollen quantity, together with flowering
time, can be easily evaluated at an early stage, this is encouraging for future selection of

kiwifruit pollinators.

Kiwieruir (Actinidia deliciosa (Chev.) Liang
and Ferguson) is a dioecious vine; female plants
have pistillate flowers with stamens that con-
tain abortive pollen and male plants have stam-
inate flowers with rudimentary pistils (Polito
and Grant, 1984). Pollination appears to be a
prime factor in kiwifruit production since
inadequate  pollination leads to small
unmarketable fruits, because there is a close
correlation between fruit size and seed number
(Pyke and Alspach, 1986). Thus the production
of female plants requires the introduction of
staminate cultivars with enough pollen to
assure the formation of 700-1400 seeds per fruit
(Jansson and Warrington, 1988). Therefore, the
choice of efficient pollinators is essential for the
production of commercial fruit from kiwifruit
vines.

The main female cultivar is Hayward (Fer-
guson et al., 1990). Pollination of this cultivar
relies on two male clones ‘Matua’ and ‘“Tomuri’
selected in New Zealand (Zhang and Thorp,
1986). While these male clones appear to be

well suited to New Zealand conditions, in
Southern Europe, where kiwifruit culture is
increasingly developing, these male clones may
not perform as well as they do in other parts of
the world. Thus, in the north of Spain the
flowering period of ‘Matua’ and ‘Tomuri’ do
not fully coincide with that of the female culti-
var ‘Hayward’ (Coque and Fueyo, 1987). A
similar situation has been reported in France
(Blanchet and Guirbal, 1984) and Italy where,
in addition of a lack of coincidence of flowering,
reduced production of pollen by these male
cultivars has been reported (Testolin et al.,
1990).

This situation had led to a search for good
male pollinator clones. Thus a selection pro-
gramme has been initiated in Italy (Testolin et
al.,, 1990} and in China (Shunwang ez al., 1988).
However, no results are yet available. Here,
work is reported on the selection of male culti-
vars with a flowering period coincident with
‘Hayward’, which will produce a good quantity
of high quality pollen.
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Flowering umec of forty male seedlings in relation to
flowering time of ‘Hayward’.

MATERIALS AND METHODS

Plant material

In a population of seedlings originated from
open pollination in the north of Spain, 40 male
vines were selected as being well adapted to
these conditions. In these male vines, as well as
in the male cvs Matua and Tomuri, and in the
female cv. Hayward, flowering dates were
recorded over three years. Of this population,
on nine preselected staminate vines, flower
density, pollen quantity and quality were eval-
uated for two years and compared with these
variates in traditional pollinators. In addition,
in vivo behaviour was evaluated on eight of
those pollinators, but they were not compared
with traditional pollinators. Data were ana-
lyzed following Duncan’s Multiple Range Test
(Litell, 1989).

Flower density

In 1990 and 1991 five one-year old canes were
selected on each vine. These canes had a vari-
able number of shoots, each of which was
measured from its base to the last inflorescence.
The flowers and inflorescences were counted.
Flower density was expressed as number of
flowers or inflorescences per linear centimetre.

Pollen quantity

In each staminate vine, five batches of 15
flowers each were collected just before anther
dehiscence; the anthers were removed by com-
bing onto smooth paper, and allowed to dehisce
overnight at room temperature (20-25°C). Pol-
len from each batch was sieved, weighed and
stored over silica gel at —18°C (Hopping and
Jerram, 1980) for 3-4 months before being used
for in vitro tests.

To determine the number of pollen grains per
flower, counts of pollen grains per gram of dry
pollen were made. Five milligrams of pollen
from each male were suspended in 1 ml of veg-
etable oil and drops from each of these placed
on either side of a haemocytometer (Church
and Williams, 1983). Five examples were
counted for each male clone.

Pollen quality

Pollen viability was determined using the flu-
orochromatic reaction technique with fluores-
cein diacetate (Heslop-Harrison and Heslop-
Harrison, 1970) in 0.4 M sucrose.

Germination was tested using a modification
of the liquid medium method of Hopping and
Simpson (1982) using 0.4 M sucrose, 0.3 mM
boric acid and 1% agar.

In vivo behaviour

In two subsequent years, a hundred pistillate
flowers from four ‘Hayward’ vines were pol-
linated with fresh polien from each of the eight
staminate vines. Flowers were covered with
muslin bags to exclude honey bees and pollen
transport by wind. At harvest, final fruit set was
evaluated and the fruits were weighed and
measured. In the first year, seeds from these
fruits were also collected and counted.

RESULTS
Flowering time
Flowering time of ‘Hayward’ lasted about
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TaBLE ]
Flower density of stamnate vines. For each column values
followed by the same letter are not significantly different.

P<00/

Inflorescences Flowers per Flowers
Pollinator per cm inflorescence per cm
A 0.66 a 2.88 ab 1.68 ab
B 0.66 a 2.19 abe 1.37b
C 0.6l a 294 a 20la
D 0.52 abc 2.91 ab 1.49 ab
4 0.47 abc 1.42 cd 0.67 dc
30 029c¢ 2.15be 0.66 cd
40 0.36 be 1.15d 042d
42 0.55 ab 2.76 ab 1.50 ab
Aresti 0.71a 1.62 dc 1.14 be
‘Matua’ 0.65 a 1.93 ¢ 1.25 be
‘Tomuri’ 0.62 a 1.82 cd 1.09 bc

seven days. That of the 40 male clones studied
ranged from 5-12 d (Figure 1). Although in the
second year spring came early and flowering
time was earlier than normal, relative flowering
time was similar in both years. Seedlings 4, 30,
40,42, A, B, C, D and Aresti were selected for
having a flowering period close to ‘Hayward’.
The other males flowered earlier. In these
clones flower density and pollen quantity and
quality were evaluated.

Flower density

Differences were recorded between clones
for flower density (Table I), both in the number
of inflorescences per centimetre (from 0.29 to
0.71) and in the number of flowers per inflor-
escence (1.15 to 2.94). When these two variates
are expressed as the number of flowers per cen-
timetre, these differences were five-fold, rang-
ing from 0.42 to 2.01. The most profusely
flowering male was clone C (2.01 flowers per
cm), significantly better than the results
obtained for ‘Matua’ and “Tomuri’. These two

pollinators, in our culture conditions, had
similar flower densities (1.25 and 1.09 flowers
per cm).

Pollen quantity and quality

The quantity of pollen produced per flower
by the different clones (Table 11) was variable,
ranging from 1.81 to 9.01 mg per flower.
Expressed as pollen grain number per flower,
these values ranged from 451,039 to 2,775,957.
Clones A, B and Aresti performed significantly
better than the traditional pollinators. This
number is directly related to pollen weight per
flower since no differences were recorded in the
number of pollen grains per milligram of pol-
len, which averaged 290,748 (% 12,014) for all
the clones.

Pollen stored at -18°C for 3-4 months
retained high viability, as measured with the
fluorochromatic reaction. Clones averaged
73% with no significant differences between
clones. Likewise, the pollen used in this study
germinated well (Table II), ranging from 64%
for male 4 to 78% for male C. Similar results
were recorded for ‘Matua’ and ‘Tomuri’, with
no significant ditference between them.

To integrate pollen quantity and quality a
method proposed by Church and Williams
(1983) to evaluate apple pollinators was
followed. Thus, germinable pollen mg cm™
expresses the amount of germinable polien that
a pollinator is capable of producing by calculat-
ing pollen weight per flower x flowers per cm x
% germination. This yields big differences
between clones (Figure 2), ranging from 52 to
1064 mg of germinable polien. Males A and C
produced significant more germinable pollen
than ‘Matua’ and ‘Tomuri’.

TaBLE 1
Pollen quantity and quality in staminated vines For each column values followed by the same letter are not significantly different.
P<0.0!
Pollen weight Number of pollen Pollen Pollen

Pollinator per flower (mg) grains per flower viability (%) germination (%)
A 9.01 a 2675572a 73a 70 bed
B 7.50 ab 2449 092 a 74 a 69 bed
C 6.79b 1 529 067 bed 77 a 78a

D 3.67 cd 1156 483 d 73a 65 cd

4 426¢ 1 368 105 cd 73a 64 d

30 1.81d 451 039 ¢ 70 a 69 bed
40 1.83d 470 364 ¢ 72a 69 bed
4?2 7.71 ab 1979 881 b 72 a 73 abc
Arestl 8.44 ab 2775957 a 75a 76 a
‘Matua’ 423 ¢ 1 462 968 cd 70a 67 cd
“Tomurr’ 6.27b 1 727 319 be 73a 7t abed
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Germinable pollen (mg/cm) for the different male clones
studied. Valucs with the same letter are not significantly
different at P<0.01.

In vivo behaviour

Fruit set was high after hand pollination,
ranging from 88 to 96%. Pollen source had no
significant effect on fruit set, fruit weight and
major or minor fruit diameter after hand pol-
lination (Table I1I). However. there were
differences in fruit length and seed number
where some pollinators appeared to perform
better than others.

DISCUSSION

Most of the 40 studied males tended to flower
earlier than the female ‘Hayward’ vines. While
in New Zealand ‘Matua’ and ‘Tomuri’ showed a
significant overlap in flowering time with
‘Hayward’ (Thorp et al., 1990) under our cul-
ture conditions they flowered earlier than
‘Hayward’. Thus, “Tomuri’, while having a good
covering of the early flowers, finished flowering
when ‘Hayward’ was at about 60% flower

Kiwifruit pollinator selection

opening. Likewise, ‘Matua® was in full bloom
even before ‘Hayward™ started flowering. A
similar situation had been recorded in Italy
where ‘Matua’ flowers before (Testolin et al.,
1990). Perhaps climatic conditions in New Zea-
land and Southern Europe are sufficiently dif-
ferent to account for the different synchrony of
flowering between ‘Hayward’ and ‘Matua’ and
“Tomuri’ in both areas, since differences in the
time of flowering are not uncommon in temper-
ate woody perennials and can be explained by
the timing of the flowering period being regu-
lated by spring temperature (Reader, 1975;
Rathcke and Lacey, 1985) or specific stimuli
such as photoperiod or vernalization (Jackson
and Sweet, 1972).

Differences in flower density have been
recorded here between clones. Similar differ-
ences were reported by Ferguson (1984) who
observed that cultivars varied in the number
and distribution of flowers along a shoot. While
Martens (1985) described ‘Matua’ as a clone
with abundant flowering and “Tomuri’ with
sparse flowering, no significant differences
were obtained between ‘Matua’ and ‘Tomury’
under our conditions.

Pollen production per flower was very vari-
able between clones, some having had five
times the production of others. Results
obtained with ‘Matua’ (4.23 mg per flower)
were far lower than those (9.5 mg per flower)
reported by Ferguson (1984). This could be due
to a poor adaptation to our growing conditions.
However, there were no differences in the
number of pollen grains per milligram of pol-
len. This is not surprising, since there were no
differences in either pollen size or viability
between the males studied. Therefore, since the
number of pollen grains per flower is tedious to
calculate, for future work, providing that there

TasLe 111
Fruit set and friut characters obtained from *Hayward’ vines pollinated wuth different males. For each column values followed by
the same letter are not significantly different. P<0.01

Diameters (cm)

Fruit set Frut weight Length Number
Pollinator (%) (g) Major Minor (cm) of seeds
A 89 a 103 a SS5a 47 a 67b 1 141 abc
B 90 a 110 a 55a 48a 66b 901 ¢
C 94 a 119a 56a 48a 7.0 ab 1 142 abc
D 96 a 127 a 58a 49a 6.9 ab 967 be
4 88 a 120 a S56a 48a 7.0 ab 1 250 ab
30 94 a 124 a 57a 49a 7.0 ab 1 338 ab
40 91 a 116 a 5.6a 48 a 6.9 ab 1 183 abc
42 94 a 137 a 5.8a 49a 75a 1344 a
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are no differences in pollen size and pollen via-
bility, the amount of pollen is accurately
described by pollen weight.

Pollen viability and germination percentages
were high and similar for all pollinators. This
lack of differences between pollinators agrees
with data about pollen fertility of kiwifruit
staminate plants reported by Ford (1971) and
White (1990). While ‘Tomuri’ has been
reported to have poor pollen viability (Wilson
and Bennenbroek, 1988), in our conditions ger-
mination and viability were good.

Fruit set following hand pollination was high
and similar to that reported by Palmer-Jones
and Clinch (1974) for ‘Hayward’. While no
differences have been recorded between the
male clones, in their ability to set fruit or in the
weight of the fruits produced, differences have
been recorded in seed number. Others have
pointed out a correlation between fruit weight
and seed number (Ferguson, 1984; Pyke and
Alspach, 1986; Galimberti et al., 1988). In this
work these two factors appear not to be related;
this can be explained by the conditions of this
experiment where, in all cases, big fruits were
obtained because of hand pollination. On the
other hand, observed differences in seed
number are not easily understood, considering
that the flowers were hand pollinated, and that
there were no differences in the viability of pol-
len from any of the male clones. Snow and Spiro
(1991) have shown that in Hibiscus differences
exist in male competitive ability. A similar situ-
ation could exist in Actinidia but to evaluate
this hypothesis competition experiments would
have to be conducted.

The variable germinable pollen quantity per
centimetre of shoot, previously used by Church
and Williams (1983) to evaluate potential apple
pollinators, clearly distinguished between

clones and expressed the overall ability of a
staminate clone as a pollinator, since this vari-
able integrates quantity and quality of pollen.
Among the studied plant material clones A and
C produced over twice as much germinable pol-
len as traditional pollinators. Together with
their concurrent flowering time with
‘Hayward’, this gives them a considerable
advantage in our growing conditions.

It is still not clear what is the pollination
vector in Actinidia. While wind can probably
contribute as a pollination agent (Craig and
Stewart, 1988), the presence of bees increases
fruit set (Palmer-Jones and Clinch, 1974). To
evaluate the attractiveness of these clones to
insects requires an experimental approach, but
no differences have been observed, in this
work, in flower morphology. Likewise, the final
evaluation of these pollinators should include
an estimation of their pollination efficiency in
terms of marketable fruit set under natural field
conditions. However, the work reported here
shows clear differences in reproductive charac-
teristics of the clones examined. While some of
the variates analyzed, e.g. fruit set and pollen
viability, showed little variability between
clones, others, e.g. flowering time and pollen
quantity, were highly variable. The fact that
these two variates can be easily evaluated at an
early stage is encouraging for the future selec-
tion of kiwifruit pollinators.
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