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In the name of Allah NOTE

THE EFFECT OF SUPPLEMENTARY HAND
POLLINATION ON FRUIT SET AND
POLLEN TUBE GROWTH IN APPLE!

M. Rahem? and F.G. Dennis, Jr3

ABSTRACT

Hand-pollination of open-polli-
nated flowers of 'Deliciocus’
and 'McIntosh' apple ( Malus
domestica Borkh.) with 'Empire’
pollen at full bloom increased
initial and final fruit set in
'Delicious’ but not in '"McIntosh’
Bagged limbs set only 0.4 to 1
fruit per 100 flowers. Stain-
ing with aniline blue made pol-
len tubes visible in the entire
length of 'McIntosh® styles, but
none were observed at the base
of 'Delicious' styles. Pollen
tubes in open- and open- plus
hand-pollinated flowers reached
the base of 'McIntosh' styles
within 4 to 6 days, but almost
none reached the base in self-
pollinated (bagged) flowers,
and most were swollen and ter—
minated in callose Plugs.
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These results are discussed in ae byt Lyea ) S glaadyd; ! o laSan
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INTRODUCTION

The beneficial effect of cross-pollination on fruit set of
some fruits was recognized as early as 1824 (9). Most of
the apple cutivars in the eastern United States are self-
incompatible. A biochemical antagonism prevents pollen
grains from germinating on, or growing into the stigmasof
the same cultivar.

'Delicious' is totally self-unfruitful (3, 5, 6)and cross-
pollination is essential for consistent heavy production.
Howlett (3) found that limited fruit set in 'Delicious' was
due in large part to inadequate pollination,

Roberts (6) reported that the structure of 'Delicious'
blossoms permitted honey bees to remove nectar without
transferring pollen to the stigma: only about 20% of the
bees visiting the flowers crawled over the stigmata.
Robinson (7) reported similar "sideworking" of honey bees
on 'Delicious' blossoms asa result of "basal gaps" or spaces
between the stamens. The maximum width of the tongue (glossa)
of a honey bee is about 180 pym. Basal gaps greater than 180
um were found to be much more abundant in 'Delicious' sports
than in 11 other cultivars (7).

Supplementary pollination is a potential method for en-
hancing fruit set, but the cost would probably be prohib-
itive. Williams (11) compared the effects of supplementary
hand-pollination on fruit set of "Cox's Orange Fippin' apple
in England. The average number of fruits per 100 flower
clusters for 21 'Cox' orchards was 33.1 for those receiv-
ing supplementary pollination (one flower hand-pollinated
per 4 clusters) vs, 25.6 for controls (natural pollination




only) . Supplementary pollination increased

average of 29%,

yield by an
Increased fruit set may hhve been the re-
sult of a higher number of pollen grains per stigma as
well as more cross-pollinated flowers.

a few pollen grains per flower are requi
tion. However,

Theoretically only

red for fertiliza-
Forshey (2) suggested that
flowers must be saturated with

low bercentage of pollen tubes
sac.

'Delicious’
pollen because a relatively
actually reach the embryo

The purposes of this study were (a) to

evaluate the im-
portance of basal gaps in

'Delicious' flowers by compar-

ing the effects of Supplementary hand-
set in 'Delicious' vs. 'McIntosh'®
and (b) to compare the rates of po
Styles of these two cultivars,

pollination on fruit
(which lacks such gaps),
llen tube growth in the

. MATERIALS AND METHODS

Three uniform branches were selected on each of the three
'McIntosh' apple trees ap-
Proximately 40 yYears old in a commercial o
MI.

'Starking Delicious"’ and three

rchard at Leslie,
One limb on each tree was enclosed in a cheesecloth
cts. At full

injured flowers

bag prior to flower opening to exclude inse

bloom, all "king™" (terminal) and frost-

were removed from each branch and the r
flowers were counted.
plied

emaining lateral

The following treatments were ap-
s USing a randomized block desi

bagged to brevent pollination by ins
and open-pollinated

gn with trees as blocks:

ects,open—pollinated,
plus hand-pollinated.

the last treatment were hand-pollinated at
using pollen collected 48 hr pPreviously fro
flowers. The terminal 75 to 100

All flowers in
full bloom

m 'Empire' apple
flowers on the branch
were used to record fruit set and 30 to 50 flowers were
collected from each branch 2, 3

« 4, 5, and 6 days after
full bloom.

The flowers were fixed within half an hour of
acetic acid: 803 ethanol (Faa)

for evaluation of pollen tube growth (4).

collection in formalin:
(1:8:1 by volume),
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The styles were subsequently rinsed with tap w&terlr placed
in an aqueous solution of 3N NaOH overnight to clear and
soften the tissue, rinsed in tap water for one hour to re-
move the sodium hydroxide, then held for 18 to 24 hr in a
solution of 0.1% aniline dissolved in 0.1 N K3PO4 (1 g
aniline + 7.072 g K3P04 per liter)at room temperature.

The styles were placed on a slide in a few drops of gly-
ceriﬁe, covered with a cover slip, and squashed. The pre-
pared slides were viewed under a Nikon-AFM photomicroscope
with epi-fluorescence . Fktachrome 200 film was used to re-

cord pollen tube penetration into the style.

RESULTS

Effect of Supplementary Pollination on Fruit Set

Bagged flowers set very few fruits (Table 1). Supplemental
hand-pollination approximately tripled the initial set and
doubled the final set in comparison with open-pollination
in 'Delicious', but had no significant effect in 'McIntosh'.
The 'June' drop was considerably heavier in 'McIntosh' than
in 'Delicious' despite similar fruit loads on hand-polli-
nated limbs.

Germination of Pollen and Growth of Pollen Tubes in the Style

Pollen grains and pollen tubes fluoresced a brilliant yellow
under ultraviolet light following staining with aniline.
However, a marked difference between cultivars was evident
in the staining of tubes in the basal half of the style.
In 'Delicious', no pollen tube was observed in the base of
any style, even 5 days after full bloom, despite the fact
that fruit set was normal to heavy {(Table 1).

In open-pollinated and open- plus hand-pollinated
'McIntosh' flowers, many pollen tubes reached the base
of the style within 4 to 6 days of full bloom. Pollen
tube growth did not appear to differ in styles of open vs.

open- plus hand-pollinated flowers. Few pollen tubes were




Table 1. Effect of supplemental hand-pollination on- fruit set of

apole.
Fruits per 100
Treatmentt No-~of flowers
flowers Initial Final
'McIntosh'
—_—
Bagged s 58 3b 1b
Open-pollinated 81 60b 20a
Open + hand-pollinated’ 88 65a 2la
'Starking Delicious’
Bagged 109 1c 0.4c
Open pollinated 136 24h 17b
Open + hand-pollinated 106 68a 4la |

*cme limb on each of 3 trees per treatment,

*NEan separation within colums and cultivars by DMRT, 5% level.

YHand-pollination with "Empire’, pollen on May 6 (McIntosh) or May 8
(Delicious) .

evident in the styles of bagged flowers in either culti-
var and the few tubes present had highly callosed ter-
minal plugs. No pollen tube reached the base of the
style within 6 days after full bloom (Table 2).

DISCUSSION

If basal gaps 1imit the set in 'Delicious', set of open-
pollinated flowers should be lower and hand-pollination
should have a greater effect in thig cultivar than in
'McIntosh', which has fewer such gaps. Data for initial
set (Table 1) support thig hypothesis, for open-pollin-
ated 'Delicious' flowers set only one-third as many
fruits as 'McIntosh' flowers, and hand-pollination had
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Table 2. Effects of self- (Sf, open- (0), and open-plus hand- (0+f
pollination on pollen germination and tube growth in apple
flowers, 1981, as determined by staining with aniline.

% of flcxmaﬂin which:

Pollen tubes had
Days after Pollen had reached indicated
Treatment full blocm germinated % of style length

25 50 75 100

"McIntosh'

s 2 40 - - - =
0 91 81 33 12 2
O+H 73 53 33 13

s 5 86 8 86 86 -
o] 85 85 85 85 70
O+H 100 100 100 100 91
s 6 92 92 92 92 4
o] 87 87 87 87 87
O+H 89 89 89 89 89

'Delicious'

s 3 36 18 6 0 0
o] 50 37 6 0 0
O+ 88 76 36 0 0
s 4 67 17 4 0 0
0 90 90 61 0 0
O+ 100 100 36 0 0
s 6 68 68 0 0 0
o 100 100

O+H 96 9% 25 0 0

TLimbs bagged prior to flower opening.
EHarﬂ-poll_i.natim with 'Empire' pollen at full bloom on May.
“Appro:d.rrately 30 to 50 flowers per cbservation.




a dramatic effect in 'Delicious’ but no effect in 'McIntosh'.
Data for final set paralleled those for initial get, except
that the heavy 'June' drop in 'McIntosh!' caused final fruit
set on open-pollinated branches to be no greater than in
'Delicious', 1t might be concluded that the "June' drop reflected
the overall tree fruit-set rather than the set on the ex-
perimental branch mnits, This provides ap explanation for
the relatively heavier '"June! drop on 'McIntosh'than on
'Delicious’,

Comparison of pollen tube growth in self- VS. open-polli-
nated flowers supports previous observations on the growth
of incompatible and compatible pollen tubes in apple (8).
Swollen and highly callosed terminal plugs t
stoppage of growth in the upper portion of the style, in-
dicated self—incompatibility in bagged flowers. In con-
trast, pollen tubes in open-pollinated styles had no ter-
minal plugs, grew rapidly, and reached the base of the
style in 'McIntosh® flowers within 4 to 6 days. The fail-
ure to observe pollen tubes in the base of 'Delicious’
Styles following open-pollination isg difficult to explain
in view of the fact that some fruit set occurred,
bable explanation could be that
flowers which were too old, polilen tube callose in the
lower part of the styles failed to fluoresce.
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