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STELLINGEN

I

De rol die de wind speelt bij de overdracht van stuifmeel bij appel en peer is
groter dan algemeen wordt aangenomen.
WERTHEM, 8. J. Meded. Dir. Tuinb. 31, 1968: 438-446.

I1

Er is in de wereld plaats voor nog een tuinbouwkundig tijdschrift, speciaal
voor publicaties op het gebied van het teeltonderzoek van tuinbouwgewassen.,

I

Het verdient aanbeveling om het chemisch ontsmetten van voor fruitteelt be-
stemde gronden met chloorpicrine te vervangen door het planten van de bomen
in plantgaten, die met verse grond gevuld worden.

WESTERLAKEN, J, D¢ Fruitteelt 61, 197[; 100-102.

v

De vrees, dat vruchtbomen, vrij van de bekende virussen, wegens een sterkere
vegetatieve groei minder vruchtbaar zouden zijn dan virus-bevattende bomen,
lijkt ongegrond.

PeerBooms, H. De Fruitteelt 61, 1971: 94-96,

V

Met een gereorganiseerd afzetsysteem kan de Nederlandse fruitteelt een goede
concurrentiepositie opbouwen.

VI

De hoge kosten van plant- en steunmateriaal maken de aanlegkosten van in-
tensieve appelboomgaarden zo hoog, dat het aanbeveling verdient het verede-
lingsonderzoek te richten op het vervangen van de dure combinatie entras-on-
derstam en op het onnodig maken van elke ondersteuning van de bomen.

VI

De huidige criteria, die bepalen of een groeiregulator ontheffing krijgt voor
praktisch gebruik in land- en tuinbouw, dienen waar mogelijk te worden uitge-
breid met de eis dat de betreflende verbinding van nature in de plant moet voor-
komen.

VIII
De huidige verdeling van het tuinbouwkundig onderzoek in Nederland over
twee verschiflende directies binnen het Ministerie van Landbouw en Visserij is
ondoelmatig.

S. J. WERTHEIM
Wageningen, 10 december 1971



CONTENTS

1. INTRODUCTION . . . . . o v i o i e e e e e e e e e s e e e e e e 1
2. MATERIALS AND METHODS . . . . . . . . . o i v s e v e e s ey s 4
2.1, Experiments on the intensity of pollination . . . . . . . . .. ... .. 4
Experiments 1968.1,1969.1 . . . . . . . . . .. ... 0oL 4
2.2, Experiments on the effect of growthregulators . . . . . . . . . . . . .. s
2.2.1.  Application of growth regulators to individual fruitlets . . . . . . . . . . 5
Experiments 1968.2,1968.3, 1960.2,1969.3,1970.1 . . . . . . . . . . .. 5

2.2.2. Application of growth regulators to individual fruitlets, spur leaves or whole
SDUIS v & v = =« o v e b e e e e e e e e e e e e e 6
Experiment1970.2 . . . . . . . . . . 0 e e e e e e e e e 6
2.2.3. Application of growth regulators to whole branchesortrees . . . . . . . . 6
Experiments 1968.4,1969.4,1970.3. . . . . . . .. . .. .. ... .. 6
3. RESULTS . . . . . i i e e e e e e e e e e e e e e e 10

11 The effect of intensity of pollination, seed number, number of leaves per spur,
andthebourseshoot. . . . . . . . .« . o v i i i v e e e 10
0L Fruitdrop . - .« - v 0 0 o e e e e e e e e e e e e e 10
Experiment1968.1 . . . . . . . . . . .. .. Lo 10
Experiment 1969.1 . _ . . . . . . .. L 00 e e e 11
Experiments 1969.2,1969.3 . . . . . . . . . i 0 0 v e e e e e 14
3.1.2. Fruitsize,shape,andseedcontent . . . . . . . . e e e e e e e e 15
Experiment 1968.1 . . . . . .« & v i e e e e e e e e e e 15
Experiment1969.1 . . . . . . . .0 oL oL o s d e e e i7
13 Conclusions . . . v v v v e e e e e e e e e e e e e e e e 18
3.2 Theeflectof growthregulators . . . . . . . . . . . .+ « v v v v o 21
321, Fruitdrop .. . . ... .. N 21
3.2.1.1. Fruitdrop after treatment of individual fruitlets . . . . . . . . . . . . . 21
Experiment 19682 . . . . . . . i v vt e e e e e e e e e e 21
Experiment1968.3 . . . . . . . . i e e e e e e e e e 21
Experiment1969.2 . . . . . ... .. e e e e e e e e e e 22
Experiment1969.3 . . . . . . L L. L e e e e e e e 24
Experiment 1970.1 ., . . . _ e e e e e e e e e e e e e e e e e 24
3.2.1.2. Fruit drop after treatment of individual fruitlets, spur Jeaves or wholespurs. . 26
Experiment1970.2 . . . . . . . .. . ... e 26
3.2.1.3. Fruit drop after treatment of whole branchesortrees . . . . . . . . . . . 27
Experiment 19684 . . . . . . ., ... ... ... ... .. 27
Experiment1969.4 . . . . . . . . ... .. ... .. .. e e .. 27
Experiment 1970.3 . . . . . . . _ . ... ... 0. »8
3.2.2. Fruitsize,shape,andseedcontent . . . . . . . . . . . .. ... ... 31
3.2.2.1. Fruit size, shape, and seed content after treatment of individual fruitlets . . . 31
Experiment1968.2 . . . . . .. . .. e e e e e e e e e P ] |
Experiment1968.3 . . . . . . . . .. L. e e e e e 32
Experiment 1969.2 . . . . . . . L L L L e e e e e e e e e 32
Experiment 19693 . . . . . ¢ . . . o Lo Lo e 3
Experiment1970.1 . . . . . . . . . . L L e e e e e e as

3.2.2.2. Fruit size, shape, and sced content after treatment of individua! fruitlets, spur ,
leaves or whole spurs . . . . . . . . .« o o 0000, 37
Experiment I970.2 . . . . . . . & 0 - 0 e e e e e e e e e e e a7
3.2.2.3. Fruit size, shape, and seed content after treatment of whole branches or trees . 3%



Experiment1969.4 . . . . . . . . . . . .. ... ... e e e e 39

Experiment 19703 . . . . . . . . . . . . e e e e e e e e 39

323, Conclusions . . . . . v v v v v e e e e e e e e e e e e e 40

4. DISCUSSION . . . . @ . . i i et e e e e et e v s e e e e e 42
4.1. Firstdrop . . & . v 0 o i e e e e s e e e e e e e e e e e e 42
42, Juoedrop . . . ¢ . . L L o e e e e e e e e 46
4.3. Fruitgrowth . . . . . . . . . . . i s e e e e e e e e 52
44. Pre-harvestdrop . . . . . . . . e e e e e e e e e e e e e e 55
4.5, Comparison between leafdropand fruitdrop . . . . . . . . . . . . .. 56
4.6, Practical aspects of gibberellin treatments against Junedrop . . . . . . . . 58
SUMMARY . . . . . . o o e e s e e e e e e e e e e e e 59
ACKNOWLEDGEMENTS . . . . . . . . . e i e et e e e e e e e e e s 60
SAMENVATTING . . . . & . ¢ v v e v v e e e e s e e e e e e e e e e 6t

REFERENCES . . . . . . . 0 i v vt b e v e e e e e e e et e s 65



1. INTRODUCTION

The development of the ovary of the apple flower into a fruit is dependent on
the import of nutrients. HANSEN (1970) showed that photosynthesis of the apple
fruit is insufficient to cover its own carbohydrate requirements. Apparently the
apple fruit acts as a metabolic sink (HANSEN, 1967 a), which in all probability
is related to a high hormonal level in the fruit (DAvVIES and WAREING, 1965;
KRIEDEMANN, 1968a; WEAVER et al., 1969; LUCKwiLL et al,, 1969 ; CrANE, 1969;
BoLLaArD, 1970).

Pollen germination, pollen tube growth, fertilization, and subsequent seed
development, are thought to be accompanied by high levels of growth-promo-
ting substances (GUSTAFSON, 1939a, 1942; LuckwiLL, 1957a; LeoroLp, 1962,
1964 ; CrRaNE 1964, 1969; LUCKWILL et al., 1969; NiTscH, 1970), and may there-
fore be regarded as decisive for normal fruit development (CRANE, 1964, 1969),
When these processes do not occur or take place defectively, the production of
growth-promoting hormones may be too low for normal fruit development. As
a result, ovaries and {Tuits cease to grow and then abscise. At the reduced level,
too, the growth substances are no longer capable of inhibiting the breakdown
of the cell walls in the abscission zone, a process which is activated by ethylene
(BarLow, 1953), the gaseous hormone invariably present in the plant tissues.
An inadequate vascular connection of the fruit to the circulatory system of the
plant may also play a rcle, the formation of good vascular elements being con-
trolied by endogenous hormones (NiTscH, 1970).

In the apple, abscission is not restricted to one distinct pertod during devel-
opment, but can occur at widely differing times, i.e. shortly after flowering
{*first drop”), in June and July ("June drop'), and shortly before picking ("pre-
harvest drop’).

During the first drop, mainly non-poliinated and non-fertilized ovaries are
shed, together with fruitlets in which embryonic growth was arrested at an
early stage (VON VEH, 1933; BABALEANU, 1938 VyvyaN, 1946, 1949; MURNEEK,
1954). The cause of this drop is probably due to an excessive low level of growth-
promoting substances in the ovary. In the abscence of pollination the level of
these hormones may be low at anthesis, as found in the grape flower (ITo et al.,
1969). Stosser (1970a) has shown that fertilization greatly enhanced the
import of 2P in young cherry fruits. Parthenocarpic fruits form an exception
in this respect, since the unpollinated or unfertilized ovary itself contains suffi-
cient hormones to insure further development (GUSTAFSON, 1939b; BARLOW,
1953; LEoroLD, 1964; HayasH! et el., 196%; WAREING and PHILLIPS, 1970). In
addition, when competition from other sinks is eliminated (AssoTrT, 1960,
1965), the ovary does not have to be a strong sink to remain on the tree. Finally,
increasing abscisic acid levels might also be involved in abscission shertly
after flowering, as was found in cotton fruits (AppicoTT and LyoN, 1969).

During the June drop, varying numbers of fruitlets of various sizes fall from

Meded. Landbouwhogeschool Wageningen 71-17 (1971) 1



the tree. It has been suggested that June drop is restricted to fruitlets containing
an insufficient number of normally developing seeds for a given position on the
tree (HEINICKE, 1917), and consequently produce insufficient hormones to at-
tract nutrients for further development (see also MoSTAFAWI et al., 1970). The
variation in the hormone content of the seeds is also involved here; a peak in
auxin production is followed by a period of diminished fruit drop. The low
auxin level in the seeds, caused by the digestion of the endosperm by the rapidily
growing embryq, is thought to be the principal cause of the June drop in apple
{LuckwiLL, 1953a). When the embryo is full grown, the auxin production rises
again and this coincides with the end of the June drop. So the fluctuations in
hormone content throughout the season reflect the changes in the amount and
condition of the endosperm tissue, and these are reflected in the amount of
fruit drop.

Fruits that survive June drop may still fall from the tree during the pre-
harvest drop (Vyvyan, 1946). The cause of this drop may again be due to an
inadequate hormonal level in the fruit. The fully developed seeds no longer prod-
uce significant quantities of hormones (LuckwiLL, 1953a; GaasH and LAVEE,
1968) and there is also an increase in ethylene production by fruits when maturi-
ty is reached (LEOPOLD, 1964). Both these factors promote the premature sepa-
ration of cells within the abscission zone at the pedicle base,

With respect to the practical aspects for apple growing, the first drop is a
desirable phenomenon, because of the limited capactity of the tree to supply
fruits of a marketable size. For the same reason, June drop may be desirable
when initial fruit set is heavy; but when fruit sct is light or moderate this drop
should not be excessive. Finally, pre-harvest drop may be a serious problem,
but can often be adequately controlled with auxin sprays (GARDNER et al.,
1940; VyvyaN, 1946, 1949 ; Leororp, 1958).

When initial fruit set is sufficient, the June drop remains an uncertain factor
due to which the final yield may yet be too low. This applies, for example, to
Cox’s Orange Pippin. Because this cultivar is the second of importance in The
Netherlands (ANON., 1970), it seemed worth-while to gather more information
about its fruit set and June drop and to investigate the practical possibilities for
reduction of the latter. This is the more important because a reduction in June
drop would indirectly diminish the amount of ’bitter pit’ and *Cox’s disease’,
i.e. via an increase in the amount of fruit per tree: when the crop is light, the
majority of the fruits tend to be larger, and the occurrence of the bitter pit dis-
order is related to the size of the fruits, larger fruits being affected more than
smaller ones (FAust and SHEAR, 1968). The same holds for Cox’s disease,
which invariably is associated with low fruit numbers per tree (Oup, 1968).

The study on the control of June drop has concerned the application of
growth regulators, because, as already mentioned before, these substances have
proven to be successful in reducing pre-harvest drop as well as first drop. A
reduction of first drop or an increase in fruit set, can be achieved in apple with a
number of gibberellins (LUCKwILL, 1960; DavisoN, 1960; THomas, 1963;
Bukovac, 1963, VARGA, 1964, 1966: Bukovac and NAKAGAWA, 1967 ; DENNIS

¥
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1967; WiLLIaMS and LETHAM, 1969). These findings are consistent with the con-
ception that drop is caused by a shortage of certain hormones within the fruit.
June drop control has been investigated mainly for auxins (VYvyan and Bar-
Low, 1947, 1948a, b; Vyvyan 1949; Vyvyan and TrOweLL, 1951; HANSER,
1966). A few studies were made with gibberellic acid (SRIVASTAVA and AGAR-
waL, 1966, GROCHOWSKA, 1968). The results of these investigations have not
led to practical recommendations, however, because the results obtained with
auxins have been divergent. In addition, auxins may have an inhibitory effect on
apple fruit development, and the drop reduction may be only temporary.
(BarLow, 1953, HaNser, 1966). Therefore, not only auxins but also other
regulators were included in the present trials, especially those known to be
present in the apple fruit during development, i.e. cytokinins (GOLDACRE and
BoTTOMLEY, 1959; LETHAM and BoLLARD, 1961; LETHAM and WILLIAMS, 1969),
gibberellins (N1TscH, 1958; Dennis and Nitsci, 1966; HavasHi et al., 1968;
LuckwiLL et al., 1969), and dormins (MiLLBORROW, 1967; PIENIANZEK and
RUDNICKI, 1967). Because also auxins occur in developing apple fruits {(Luck-
wiLL, 1948, 1949, 1953a, b; VoN RAUSSENDORFF-BARGEN, 1962; LETHAM and
WILLIAMS, 1969), these hormones were included in the trials as well.

In this publication the experimental material is discussed first with respect to
first drop and June drop. First drop as influenced by the pollination intensity,
June drop also by pollination intensity and further by seed content of the fruits,
number of leaves per spur, and the presence of bourse shoots. The second part
mainly deals with the effect of growth regulators on June drop. A general dis- -
cussion follows, including also pre-harvest drop.
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2. MATERIJALS AND METHODS

Unless otherwise stated, all experiments were done on full-grown trees on
rootstock M IX in the experimental orchard at Wilhelminadorp.

2.1. EXPERIMENTS ON THE EFFECT OF INTENSITY OF POLLINATION

Experiments 1968.1, 1969.1. Experiments on the effect of intensity of pollina-
tion on fruit set and June drop were carried out on Golden Delicious trees in
1968 (experiment 1968.1) and on Cox’s Orange Pippin trees in 1969 (experiment
1969.1). A large number of two-year-old branch-parts distributed over the
available trees, were selected for uniformity. Five (Golden Delicious) or 4
(Cox’s Orange Pippin) flower buds on each branch-part were labelled. In the
balioon stage the flower clusters were thinned to 2 lateral flowers per cluster,
(29 April 1968, 9 May 1969). In this stage one of the 2 flowers was hand-pollin-
ated using James Grieve pollen for Golden Delicious and Golden Delicious
pollen for Cox's Qrange Pippin. Pollination was performed by carefully rubb-
ing open anthers against the stigmas. Regulating the intensity of pollination, the
number of stigmas was reduced to 0, 1, 2, 3, or 4, or not reduced. Reduction
was obtained by removing the appropriate number of free styles with a pair of
nail scissors, either before pollination (Golden Delicious} or immediately
thereafter (Cox’s Orange Pippin). Golden Delicious flowers without free styles
were not pollinated. The second flower was only used when the procedure
had failed with the first; otherwise, this second flower was removed. A number
of freely pollinated flowers with 5 styles served as controls; these were also
thinned to 1 flower per cluster. In all 7 treatments, 50 flowers were treated in
1968, divided over 10 branch-parts per treatment. In 1968, per treatment 48
flowers were involved, divided over 12 branch-parts. In total 70 and 84 branch-
parts were involved in these two years, spread over45and 13 trees, respectively.

Full bloom occurred on 3 May in 1968 and on 12 May in 1969. At regular
intervals, the diameter of 20 (1968) or 12 (1969) fruits per treatment was meas-
ured with a vernier callipers. Abscised fruitlets fell into plastic baskets attached
to the branches (Fig. 1}.

The baskets were inspected weekly from one to several times. In the abscised
fruits the diameter and the number of normal looking and aborted seeds were
determined, After harvest (4 October in 1968, 12 September in 1969), the dia-
meter (mm), height (mm), weight (g), and volume (cm?®) of the fruits were
determined, and all fruits were judged for symmetry. Volume was determined
by displacement of water. The numbers of good and deaf seeds were determined
per fruit, as well as the numbers of locules with seeds. For Golden Delicious the
number of locules with > 3 seeds were determined separately. On 29 July, in
both years, the number of spurleaves and the number, length, and leaf number of
possibly present bourse shoots (> 5 cm) oneach labelled spur were determined.
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Fig. 1. Basket used to catch abscised ovaries and fruitlets from labelled spurs.

2,2, EXPERIMENTS ON THE EFFECT OF GROWTH REGULATORS

2.2.1. Application of growth regulators to individual fruitlets

Experiments 1968.2 and 3, 1969.2 and 3, and 1970.1. Experiments concerning
the effect of growth regulators on June drop were done on Cox’s Orange Pippin
in 1968 to 1970. In 1970, trees on rootstock M II were used. In these experiments
various growth regulators were applied to individual fruitlets. The fruits were
obtained in the same way as described for experiments 1968.1 and 1969.1. In
1968, fruitlets arose from flowers with 5 styles per flower, in 1969 and 1970
from flowers with 2 styles per flower whose stigmas has been hand-pollinated.
The style number of 2 per flower was chosen in 1969 and 1970, because hand-
pollination of 5 per flower in 1968 only led to a negligible June drop. In the
following years, therefore, 3 styles per flower were cutt off directly after pollina-
tion in the balloon stage. The pollen sources were Golden Delicious (1968),
James Grieve (1969), and Benoni {1970). Hand-pollination was carried out
from 1 to 6 May in 1968, 9 to 13 May in 1969, and 13 to 16 May in 1970, depend-
ing on when the right stage of the flower was reached, i.e. shortly before opening.

Full bloom occurred on 3 May in 1968, 12 May in 1969, and 19 May in 1970,

" The growth regulators were applied to the fruitlets with a brush, both the
fruit and stalk being thoroughly wetted. In 1968, gibberellic acid (GA;), « -
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naphthylacetamide (NAAm), and benzyladenine (BA) were used. In 1969, GA,,
gibberellins Ay, 4 Ay (GA.4,q), z- naphthylacetic acid (NAA), BA and
abscisic acid (ABA). In 1970, only GA, ., was used. More details about the
regulators are mentioned under 2.2.3. (p.6). The various treatments are sum-
marized in Table 1 (p. 8). The fruits were picked on I, 12, and 3 September in
the three successive years, respectively, The measurements and observations
were essentially the same as mentioned for 1969.1. On 21 April 1971, the flower
buds and leaf buds were counted on all the bourses of experiment 1970.1, to
determine whether GA, | - had affected flower-bud formation,

2.2.2. Application of growth regulators to individual fruitlets, spur leaves, or

whole spurs

Experiment 1970.2. In experiment 1970.2, GA, , ; was applied to fruitlets with
a brush, but in addition spur leaves and whole spurs were sprayed with a hand
sprayer. For spur leaves the fruit on the spur was shielded against the spray
with a glass tube. The various treatments are given in Table 1 {p. 9). The same
data are given for this experiment as for experiment 1970.1. The same measure-
ments and observations were made as in experiment 1969.1. On 21 April 1971,
the flower buds and leaf buds were counted on all bourses, to determine whether
the treatments had affected flower-bud formation,

2.2.3. Application of growth regulators to whole branches or trees

Experiments 1968.4,1969.4, and 1970.3. In addition to the detailed trials as
described in the foregoing, whole branches or trees were sprayed on various
times after flowering with growth regulators. The branches (1968, 1969) or
trees (1970) were sprayed to point of dripping. The treatments of these three
experiments are also given in Table I (p. 9). Experiment 1970.3 was carried
out at Qudelande. Except in 1968, flower clusters were counted before treat-
ment, either per branch (1969} or also per tree (1970). Fruits were counted at
regular intervals throughout the season, for trees on 1 1o 3 scaffold limbs per
tree on which the flower clusters had been counted before. Full bloom occurred
on 3 May in 1968, 12 May in (969, and 17 May in 1970. In 1969 and 1970, -
fruits were counted and weighed at harvest (18 September 1969, 21-22 Septem-
ber 1970), in 1970 also per tree. In 1970, the height and diameter of 25 fruits per
tree were measured with a vernier callipers after picking, and the numbers of
good and deaf sceds were determined. On 20 and 21 October 1970, all fruits
were judged for the occurrence of bitter pit. In 1971, flower clusters were
counted on the same limbs as in 1970 in experiment 1970.3, to see whether the
flower-bud formation had been affected by the treatments. The number of
branches or trees per treatment is given in Table 1 (p. 9).

The growth regulators used, were:
ABA  abscisic acid (kindly put at my disposal by Dr. J. van Bragt, Depart-

‘ment of Horticulture of the Agricultural University at Wageningen).
BA benzyladenine, brand Verdan, 7.5 g a.i. per 1, obtained from Shell”
Nederland Chemie N.V., ’s Gravenhage.
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GA; gibberellic acid, brand Berelex, 909 a.i., obtained from I.C.I. (Hol-
land) N.V., Rotterdam.

GA, ;7 gibberellins A, + A,, brand Berelex AsfA,, 90Y% a.i., obtained from
I.C.I. (Holland) N.V., Rotterdam.

NAA  «a-naphthylacetic acid, wettable powder 109 a.i., obtained from Luxan
N.V. Chemical Industries, Arnhem. .

NAAm «-naphthylacetamide, brand Amid Thin, 8.33%, a.i,, obtained from
Luxan N.V. Chemical Industries, Arnhem.
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3. RESULTS

3.1. THE EFFECT OF INTENSITY OF POLLINATION, SEED NUMBER,
NUMBER OF LEAVES PER SPUR, AND THE BOURSE SHOOT

3.1.1. Fruit drop

Experiment 1968.1. Fig. 2 shows the drop patterns of the Golden Delicious
fruits. First drop occurred from 16 to 27 May, during which all ovaries *without
styles’ dropped, as did many of the free-pollinated ones. In all other treatments
first drop was light, indicating that these treatments promoted good fruit set.
With a decreasing number of styles per flower, an increase in first drop occurred.
Nevertheless, as Fig. 2 shows, only 1 style per flower may be sufficient to obtain
a very good fruit set.

A very light June drop occurred from 28 June to 8 July, and since only a few
fruits dropped, this experiment does not supply much information about the
effect of pollination intensity on June drop. Still, this drop may have been slight-
ly greater when only 1 or 2 styles per flower were present. Since almost all the
free-pollinated flowers dropped during first drop, June drop could hardly occur
in this treatment,

50}y NUMBER OF FRUITS
\‘-;—:o--a--o—w- —9- -0~ ~9—g--0--0- -n-c;:':_'._ T _.-_.-NBI.#_B_ER_EE STYLES
g\{‘v-- L L = I T S R T ety TIT PP EEEY ¥ ]
\\'\.-.n--a-—a—o--o—o--o---o-—o“
&0 ‘....‘_.-‘-.&M-ﬁu.\ Y
I ,‘H;o--.-........- D b i s+ BB e o el D
o., -
a0
20
10
0 STYLES
- FREE POLLEINATE 1]
T 27 51 ’ 14 Zﬁ t t 15 FY L] 7 12 27
NAY JUNE JULY August ° DATA 1968

Fig. 2. Experiment 1968.1. Drop patterns of Golden Delicious ovaries and fruitlets deriving
from hand-pollinated flowers with 0 to § styles per flower (50 flowers per treatment).
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Fig. 3. Experiment 19691, Drop patterns of Cox’s Orange Pippin ovaries and fruitlets
deriving from hand-pollinated flowers with 0 to 5 styles per flower (48 flowers per treatment).

Experiment 1969.1. The drop pattern of Cox’s Orange Pippin fruits in experi-
ment 1969.1 is given in Fig. 3. When all styles were removed, almost all ovaries
were shed during first drop, which lasted from 20 May to 3 June. Retention of
> 1 style per flower greatly reduced first drop. The first drop of free-pollinated
flowers was less than that of the flowers with 0 styles but greater than that of
hand-pollinated flowers with > 1 style.

The very conspicuous June drop lasted from about 17 June to about 1 July,
during which period ail remaining fruitlets "without styles’ were shed. June drop
was heaviest when | style per flower had been retained. In all other treatments
June drop was about equal.

Observations on the fruitlets shed during June drop and on the spurs loosing
their fruit, are mentioned in the upper part of Table 2. Because the number of
dropped fruitlets per treatment was too low for reliable averages, fruitlets of all
treatments were taken together. There were no clear differences between the
fruitlets of the various treatments. The figures in Table 2 show that the abscised
fruitlets of the first part of the June drop period were smaller and contained a
lower number of normal seeds as compared to those of the second part of the
June drop period. In the beginning and at the end of the June drop period,
fruitlets were shed from spurs with fewer leaves than in the middle part of the
June drop period.

Table 3 (upper part) shows the relation between first drop and June drop and
the effect of the bourse shoot on fruit drop. First drop was stronger from spurs

Meded. Landbouwhogeschool Wageningen 71-17 (1971} 11
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developing a shoot than from spurs without such a bourse shoot. June drop,
however, was slightly stronger from spurs without a bourse shoot. We shall
return to these subjects in the next section.

Experiments 1969.2 and 1969.3, Although these experiments were done in
order to elucidate the effect of the various growth regulators on June drop,
some general observations on first drop and especially June drop are worth
mentioning here. This does not include the experiments done in 1968 and 1970
on Cox’s Orange Pippin, in which June drop was too light.

The drop patterns of the Cox’s Orange Pippin fruitlets obtained from free-
pollinated flowers and from flowers with 2 hand-pollinated stigmas, are to be
found in Figs. 6 and 7 for the experiments 1969.2 and 3, respectively. Fruits
from free-pollinated flowers showed a considerable first drop and June drop.
The first drop was heavier than that of the hand-pollinated flowers with only 2
styles. The June drop was about equal in both treatments. First drop lasted
from about 20 May until 3 June, June drop from about 20 June until 11 to 15
July.

The observations on the fruitlets shed during June drop are given in the
middle and lower parts of Table 2 (p. 12). The fruitlets of all treatments were
taken together in both experiments to obtain more reliable averages. This was
permissible because there were no clear differences in the appearance of the
dropped fruitlets of the various treatments. The values in Table 2 indicate that
dropped fruitlets of the first part of the June drop period were smaller, con-
tained fewer seeds, and originated from spurs with a lower leaf number as
compared to those of the second part of the June drop period. The largest dia-
meter of the dropped Fruitlets was about 30 mm.

Table 3 (middle and lower rows) (p. 13) shows the relation between first drop
and June drop and the effect of the bourse shoot on fruit drop. The amount of
first drop had no effect on the degree of June drop. In experiment 1969.1, for
example, during first drop 27.1%, of the ovaries abscised, in the other two ex-
periments only 10.5% and 11.19. Stili, June drop was roughiy the same in all
three experiments; 55.89%;, 49.0% and 51.7%, respectively. In both trials the
first drop was heavier from spurs developing a bourse shoot than from spurs
without such a shoot. June drop, however, was slightly stronger from spurs
without a bourse shoot, although in experiment 1969.3 the difference was very
small. In experiment 1969.2 the bourse shoot had a mean ultimate length of 21.2
c¢m on spurs shedding their fruit during the first part of the June drop period,
and 25.1 cm on spurs which shed in the last part of this period. For experiment
1969.3, these figures were 16.4 anf 17.4 cm, respectively. Hence, the length of
the bourse shoot had no effect on the time at which the fruits were shed during
June drop. Shoot lengths up to 35 cm had no effect on the amount of fruit
dropped. Longer shoots showed a tendency to increase June drop. In experi-
ments 1969.1,2, and 3 the numbers of leaves per spur of spurs losing their fruit
in first drop or June drop were 8.6, 7.7, and 7.3, respectively. For spurs keeping
their fruit until picking, these figures were 9.7, 9.5, and 8.8, respectively. Spur
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leaves develop soon after leafing out, and are all present during flowering.
Hence, spurs shedding their fruit in one of the two drop periods had, on the
average, fewer leaves per spur than did spurs on which the fruit remained.

In Table 4 (p. 16), the abscised and picked fruits are classified according to
seed content. Although only 2 styles were present per flower, many fruits con-
tained more seeds than the expected maximum number of 4 per fruit. It is
~ striking that the great majority of the fruits did not contain more than 8 seeds
per fruit. Apparently, all 10 ovules could not be reached by the pollen tubes
under the prevailing conditions. Table 4 shows clearly the differences in seed
content between abscised fruitlets (upper part) and picked fruits (lower part). It
is also evident that there were abscised fruitlets with many seeds and picked
fruits with very few seeds or even no seeds at all. Over 507/ of the shed fruitlets
had no more than 4 seeds per fruit, whereas the majority of the picked fruits
had 4 to 8 seeds per fruit. ‘ '

3.1.2. Fruit size, shape, and seed content

Experiment 1968.1. Fig. 4 shows the growth rate of fruits of Golden Delicious
resulting from hand-pollination of 1 to 5 stigmas per flower. Fruits from free-
pollinated flowers were not available in sufficient numbers, and no fruits could
be measured during the greater part of the season for the treatment *0 styles’,
since they all abscised. In Fig. 4 a temporary difference can be seen in fruit
growth, favouring fruits from flowers with 5 styles per flower. Fruits of all other
treatments grew at the same rate throughout, except those of the 1 style per

80y
o

S0p

FRYITOIAMETER MM NUMBER CF ST\’LgS

-

50['
400

e

T A O 3 I LA ) EY % 1968

12 4 k) 17
MAY JUNE JuLy AUG. SEPT. ocT

Fig. 4. Experiment 1968.1. Growth curves of Golden Delicious fruits obtained from hand-
pollinated flowers with 1 to 5 styles per flower. (Means of 20 fruits per treatment).
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flower group, which stayed behind after the middle of July.

The upper part of Table 5 gives the results of the determinations made on
picked fruits. As could be expected from the divergent drop patterns in Fig. 2
{p. 10), the number of picked fruits varied between the various treatments. The
fewer the number of styles per flower, the more asymmetric fruits were picked.
The data on fruit size indicate that flowers with only 1 style gave the smallest
fruits. These fruits also contained the lowest number of seeds. Fruits of the
groups with 2 and 5 styles per flower were larger than those of the two remaining
treatments. The fewer styles retained, the lower the number of well-developed
seeds per fruit and also the more elongated the fruits, as indicated by the height:
diameter ratio. The fruits contained few aborted seeds. The number of seeds per
fruit decreased with decreasing numbers of styles per flower except when 3 or 4
styles were present.

It was expected that each style would correspond with seed formation in one
locule. However, the number of locules with seeds in fruits from flowers with 1
to 3 styles was higher than this expected value, and for 4- or 5-style flowers it
was lower. 1t was also expected that not more than 2 seeds could be formed per
locule, but a number of fruits proved to contain locules with 3 or occasionally
even more seeds. With fewer styles per flower this occurred less frequently.
Only a minority of the fruits had the expected seed number (= twice the num-
ber of styles) and the expected number of locules with seeds {= number of
styles present).

Although not mentioned in Table 5, the number of leaves per spur did not
vary between the treatments. Hence, the differences mentioned were not caused
by variations in the numbers of leaves per spur,

Experiment 1969.1. Fruit growth of Cox’s Orange Pippin fruits of the various
treatments of experiment 1969.1 is shown in Fig. 5. There were no great differ-
ences in fruit growth between the various treatments. Because so many (tuits
abscised in this experiment, new fruits often had to be taken for the measure-
ments. Therefore, the curves in Fig. 5 are less reliable. Fruits of the 1 and 2 styles
per flower treatments were ultimately slightly smaller than those of the other
treatments.

The lower part of Table 5 gives the results of the determinations on picked
fruits. The number of asymmetric fruits varied widely between the treatments
and lacked correlation with the treatments. The conclusion stated above, i.e.
that fruits of the treatments with 1 or 2 styles were the smallest, is not fully con-
firmed by the values in Table 5, since fruits of the treatment with 5 styles had
the same size as the |- and 2-style fruits. The height: diameter ratio increased
with a decreasing number of styles. However, the few fruits of the 1-style treat-
ment did not follow this trend. Possibly, the number of fruits of this treatment
was too low for reliable comparison. There were no clear differences in seed
content. It is remarkable that the fruits contained so many deaf seeds. The
number of locules with seeds was higher than expected, except for the fruits
from the treatment with 5 styles. When only [ style was left, an average of 3
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Fig. 5. Experiment 1969.1. Growth curves of Cox’s Qrange Pippin fruits obtained from
hand-pollinated flowers with 1 to 5 styles per flower. (Means of 12 fruits per treatment).

locules with seeds still occurred. The number of leaves per spur varied a little
between the treatments, but the differences in fruit characters between the
treatments could not be ascribed to these differences. Finally, it was striking
that free-pollinated flowers gave rise to the largest fruits, the highest number of
good seeds, and also the highest percentage of asymmetric fruits.

Experiments 1969.2 and 1969.3. 1t was observed that fruit size on spurs with a
long shoot was larger than that on spurs with a short shoot. For experiment
1969.2, the average fruit diamefer on spurs with a 5 to 15 cm shoot was 67.6
mm, with a 16 to 25 cm shoot 62.5 cm, with a 26 to 35 cm shoot 70.5 mm, and
with still longer shoots even 72.3 mm. For experiment 1969.3, this relation was
not so clear, fruit diameter for the first three classes of spurs being 65.5, 67.2,
and 66.5 mm, respectively. No spurs with shoots longer than 35 cm occurred in
this experiment.

3.1.3. Conclusions

— Flowers in which all styles were cut off in the balloon stage dropped during
first drop in almost all cases. This holds for Golden Delicious and for Cox’s
Orange Pippin. The few remaining fruits of the latter cultivar in this treatment
all dropped during June drop.

- Pollination of only 1 stigma per flower strongly suppressed the first drop, ie.
induced good fruit set, again for both cultivars involved.

— First drop after retention of 1 to § hand-pollinated styles per flower was about

18 Meded, Landbouwhogeschool Wageningen 71-17 (1971)
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equally light, with only a slight difference at the expense of 1 or 2 styles per
flower,

— First drop after free-pollination of flowers with an unreduced number of
styles was heavier than after retention of 2= 1 hand-pollinated styles per flower.
For Golden Delicious, first drop after free-pollination even equalled that of
the first drop of flowers without styles,

— The amount of June drop was very light for Golden Delicious, but condsider-
able for Cox’s Orange Pippin, Possibly, the June drop of the former cultivar
was slightly greater with 1 or 2 styles per flower than when == 3 styles per
flower were retained. For Cox’s Orange Pippin, June drop was the heaviest in
the 1 style per flower treatment and similar in all other treatments.

— June drop after free-pollination could not be judged for Golden Delicious,
since almost all the fruits had already dropped before that time. In Cox’s
Orange Pippin, June drop after free-pollination equalled that of the June drop
of hand-pollination treatments with > 2 styles per flower.

— Abscised fruitiets of Cox’s Orange Pippin shed during the first part of the
June drop period were smaller, contained fewer seeds and originated from spurs
with fewer leaves than those of the second part of the June drop period.

— For Cox’s QOrange Pippin, first drop was stronger from spurs developing a
shoot, but June drop was slightly lower on those spurs as compared to spurs
without a bourse shoot.

— No relationship existed between the amount of first drop and June drop in
Cox’s Orange Pippin.

— The length of the bourse shoot had no effect on the time at which the fruitlets
were shed during the June drop.

— The largest diameter of the abscised fruitlets shed during June drop was about
30 mm, ,

— On the average, abscised fruitlets contained fewer seeds than those remaining
to the tree.

— Fruit size of the fruits still on the trees at picking time was smallest when 1
style per flower was retained in Golden Delicious. Fruit size did not vary clearly
between the other treatments of either this cultivar or Cox’s Orange Pippin.

- The fewer the styles retained in Golden Delicious, the lower the number of
well-developed seeds per fruit, the taller the fruit, and also the more asymme-
tric the fruit shape. For Cox’s Qrange Pippin, no relationship could be esta-
blished between number of styles and seed content or asymmetry of the fruits.
Fruit length showed the same trend as in Golden Delicious, except for the few
fruits derived from flowers with only 1 style.

—~ Few fruits of both cultivars behaved as expected with respect to seed content,
i.e. the number of styles pollinated did not give certainty as to the number of
seeds in the fruit, With 1 to 3 (Golden Delicious) or 4 (Cox’s Orange Pippin)
styles per flower, the seed number was higher than expected; with more styles it
was lower,

—~ Golden Delicious fruits had very few aborted seeds, whereas Cox’s Orange
Pippin had many.
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3.2. THE EFFECT OF GROWTH REGULATORS

3.2.1. Fruit drop

3.2.1.1. Fruit drop after treatment of individual fruitlets

Experiment 1968.2. Table 6 gives the results of experiment 1968.2. June drop
was slight, and therefore it is difficult to draw any conclusions about the effect
of the growth regulators involved. The very small first drop (columns F of
Table 6) proves that the flowers had set very well, probably because all 5 styles
were retained and pollinated. Only two treatments might have reduced June
drop to some extent, viz. 10 ppm BA and 30 ppm GA; 4 30 ppm NAAm,
applied 21 days after full bloom. None of the treatments affected fruit drop

after the actual June drop.

TasLE 6. Experiment 1968.2. Number of dropped fruits of Cox’s Orange Pippin.
F = first drop, J = June drop, P = pre-harvest drop. Starting number 25 fruits per
treatment obtained from flowers of which 5 styles were hand-pollinated. Growth
regulator treatment on individual fruitlets.

Treatment Application time in days after full bloom

10 pa | 31
F I P F 1 P’ F ] P
0 (water) o 3 0 1 6 ¢ 1 4 1
30 ppm GA, 0 3 0 o 3 | 0o 1 2
30 ppm NAAm ¢ 0 1 ¢ &6 1 1 3 0
10 ppm BA o 1 o ¢ o 2 0o 2 o
30 ppm GA; + 30 ppm NAAmM o 2 0 0 0 1 0 1 0
30ppm GA; + 10 ppm BA 1 3¢ 0O 4 1 ¢ O 0
JOppm NAAm + 10 ppm BA 0 4 2 0 3 0 o 2 2

30ppm GA; + 30 ppm NAAm

-+ 10 ppm BA 0 3 1 0 4 0 0 3 o0

Experiment 1968.3. Table 7 shows the results of experiment 1968.3. As can be
seen from column F, fruit set was very high since hardly any first drop occurred.
As in the previous experiment, June drop was slight, Hence, conclusions about
the effect of the growth regulators used and about the various concentrations
cannot be drawn with certainty. GA, had little or no effect. NAAm did not
affect June drop when used in concentrations of 3 or 100 ppm, but 10 and 30
ppm may have increased June drop to some extent. Low concentrations of BA
had no effect, but 30 and 100 ppm may have enhanced June drop. Column P
shows that none of the treatments caused pre-harvest drop.
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TabLE 7. Experiment 1968.3. Number of dropped fruits of Cox’s Orange Pippin. F = first
drop, J = June drop, P = pre-harvest drop. Treatment 21 days after full bloom on
individual fruitlets, Starting number 25 fruits per treatment obtained from flowers of
which 5 styles were hand-pollinated.

Treatment

0 (water)

3ppm GA;
10 ppm GA,

300 ppm GA;
100 ppm GA;

I ppm NAAmM
10 ppm NAAm
10 ppm NAAmM

100 ppm NAAm

3 ppm BA
10 ppm BA
30 ppm BA

100 ppm BA

—ooo=moCcO0oOoo~o|m
OO0 SO W D =W =]
ER -l - k- - -k 0 I

Experiment 1969.2. Table 8 gives the principal results of experiment 1969.2,
which had the same treatments as experiment [968.2 except that NAAm was
replaced by NAA. Because of the light fruit drop obtained in 1968, fruits in
this and following experiments were obtained by hand-pollination of only 2
styles per flower. Table 8 shows that both first drop and June drop were much
heavier than in the 1968 experiments, possibly due to the pollination of fewer
styles, or to the different pollinator varicty used in 1969. ‘

Application of GA,, NAA, or BA, or their combinations did not reduce
June drop when applied 10 or 21 days after full bloom. On the contrary, several
treatmenis appeared to have enhanced June drop on both dates, for example
GA; + BA applied 10 days after full bloom and almost all the treatments
applied 21 days after full bloom. The two treatments of experiment 1968.2,
which might have reduced June drop, did not have the same effect in this
experiment.

It is very conspicuous that NAA reduced June drop when applied 30 days
after full bloom, whether or not in combination with both other compounds.
The effect of NAA alone appeared to be slightly stronger than that of NAA
with GA;, BA or both.

The drop patterns of the treatments applied 30 days after full bloom are
given in Fig. 6, which clearly shows that NAA reduced the amount of June
drop, whereas this was not the case with GA; or BA, whether used separately
or in combination. Both Table 8 and Fig. 6 indicate that the reduction in June
drop was not a transient effect.
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TasLE B. Experiment 1969.2. Number of dropped fruits of Cox’s Orange Pippin. F = first
drop, J = June drop, P = pre-harvest drop. Starting number 48 fruits per treatment
obtained from flowers of which 2 styles were hand-pollinated. Growth-regulator
treatment on individual fruitlets.

Treatment Application time in days after full bloom
10 21 30
F J P F I P F I P
0 (water) 9 2t 0 3 24 2 2 20 1
30 ppm GA; ¢ 27 ¢ 2 29 1 1 23 0
30 ppm NAA 1 23 1 4 29 0 0 4 0
10 ppm BA 6 24 4 2 33 2 3 18 2
30 ppm GA; + 30 ppm NAA 5 27 o0 2 30 3 9 0
30ppm GA; + 10ppm BA 0 34 0 1 24 0 3 15 1
30 ppm NAA + 10 ppm BA 7 23 1 2 28 1 3 8§ 3
30 ppm GA, + 30 ppm NAA +
10 ppm BA S5 20 1 4 26 1 2 6 1
50 NUMBER OF FRUITS
p— — 0. g8 -0 ae a0,
K&-\-&o*-}—‘ - ~o-a,
X h T T I L L L e-a-s NAA
40P oy 1 -.\.'--._.._4......-......_0........-..-..-.,-..-..- .._g__‘_‘u ' 8
G o v »—o—s GA*NAA

TP - Y P Y TP YPE PN PPN PR PPIT

“ere NAATBA
30p O-s—omt,

_.(BA

Wl mir O i @I =Gt—B —qim = =] bt e A 1t 8;13
20k
o g 0 —
10p FREE POLLINATED
5 STYLES/FLOWER
APPLICATION REGULATORS
ok T Po—— e P ra—t i " " n o V-
16 20 27303 6 10131720 Web 1 &4 8111518 25 31 & § 912 1989
May JUNE JULY AUG, SEPT.

Fig. 6. Experiment 1969.2. Drop patterns of Cox's Orange Pippin ovaries and fruits as affec-
ted by the application to the fruitlets of 30 ppm NAA, 30 ppm GA;, or 10 ppm BA, ot com-
binations of these, 30 days after full bloom. Fruits obtained from hand-pollinated flowers
with 2 styles (48 fruits followed per ireatment).
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Experiment 1969.3. Table 9 gives the results of experiment 1969.3. The
amount of first drop and June drop was considerable. GA, reduced June drop,
expecially in the two highest concentrations. GA, ., was the most effective
compound in reducing June drop in this experiment. With increasing concen-
trations, June drop was increasingly suppressed. After the use of 1000 ppm
GA,4 47, hardly any drop occurred. The interesting effect of this gibberellin
mixture on fruit drop is also given in Fig. 7.

g0} NUMBER OF FRUITS
PPM GAgayp
¢ ® Hﬂcﬁ'.‘.’.
*ve 1000
s 0= .. =B--0 [ S P S % 14 1
veae Qs @eranermens @en 9. P e ]
. . i TR PR P SOI SR YR FR e S Y|
20¢ ”*.\ et P BB - - mtee 10
\ ot 0
\
L
10
[ APPLICATION 64,4 \_____
D=,
»,
SR e e e ot T FOITI _°TT=.B ¢
§ STYLES//FLOWER
q e T KN FT N R S TR s 817 1989
MaY O unE JuLy AUG SEPT.

Fig. 7. Experiment 1969.3. Drop patterns of Cox’s Orange Pippin ovarics and fruits as af-
fected by the application to the fruitlets of various concentrations of GAg 44, 21 days after
full bioom. Fruits obtained from hand-pollinated flowers with 2 styles (48 fruits followed per
treatment).

To return to Table 9, NAA increased the amount of June drop when used in
concentrations <7 100 ppm, but higher concentrations reduced it. BA also en-
hanced the amount of June drop slightly, but here onty in concentrations > 00
ppm, lower concentrations having no effect. ABA had no clear effect.

None of the treatments had a significant effect on pre-harvest drop.

Experiment 1970.1. In experiment 1970.1 only GA,,, was applied to the
individual fruitlets in various concentrations 21 days after full bloom, The re-
sults of this experiment are given in Table 10 and Fig. 8. First drop and June
drop were slight. Fruit drop occurred more or less gradually throughout the
season, without sharply defined drop periods. However, GA,,, was defin-
itively effective in diminishing fruit drop.
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TaBLE 9. Experiment 1969.3. Number of dropped fruits of Cox’s Orange Pippin. F = first
drop, J = June drop, P = pre-harvest drop. Treatment 21 days after full bloom on
individual fruitlets. Starting number 48 fruits per treatment obtained from flowers
of which 2 styles were hand-pollinated.

Treatment F J P
0 (water) 4 28 0
10 ppm GA,; 4 21 2
30 ppm GA; 4 24 1
100 ppm GA; 6 23 2
300 ppm GA, 7 16 1
1000 ppm GA, 4 18 2
10 Ppm GA4 +7 5 22 1
30 ppm GA4 497 4 20 1
100 ppm GA, 4 5 13 0
300 ppm GA4 42 4 13 0
1000 ppm GA, +7 3 3 3
10 ppm NAA 2 34 0
30 ppm NAA 1 29 3
100 ppm NAA | 30 2
300 ppm NAA 3 23 1
1000 ppm NAA 3 21 3
10 ppm BA 1 24 1
30 ppm BA 4 28 1
100 ppm BA 2 33 5
300 ppm BA 3 32 . 1
1000 ppm BA 6 31 1
10 ppm ABA 3 27 2
30 ppm ABA 5 18 0
100 ppm ABA 3 25 2
300 ppm ABA 2 27 2

TagLe 10. Experiment 1970.1. Number of dropped fruits of Cox’s Orange Pippin. F = first
drop, J = June drop, P = pre-harvest drop. Treatment 21 days after full bloom on
individual fruitlets. Starting number 48 fryits per treatment obtained from flowers
of which 2 styles were hand-poliinated.

Treatment F J P

0 (water) 0 7 5

10 ppm GAL 43 0 3 5
30 pPpm GA,g +7 0 4 2
100 ppm GA4 47 0 2 3
300 ppm GAa s s 0 1 2
1000 ppmGA, +7 0 3 0
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Fig. 8 shows that higher concentrations were somewhat more effective than
lower ones. It also shows that the free-pollinated treatment showed a consider-
able first drop, which occurred later than normal. but was not followed by
further drop. As in the previous experiments, free-pollmatlon of flowers with 5
styles caused less fruit set than hand-pollination of only 2 styles per flower.

so} NUMBER OF FRUITS

40¢

30}

20}

\n— Dl e L bt Tt i e ettt * |

w0l FREE POLLINATED

§ STYLES /FLOWER
APPLICATION Ghy , 4
18 T8 22 T B 5 Iz 25 5 12 76 9 7970
MAY JUNE JULY AUG. SEPT.

Fig. 8. Experiment 1970.1. Drop patierns of Cox's Orange Pippin ovaries and fruits as affec-
ted by the application to the fruitlets of various concentrations of GAg4 .4, 21 days after full
bloom. Fruits obtained from hand-polhnatcd flowers with 2 styles (48 fruits followed per
treatment}

3.2.1.2. Fruit drop after treatment of fruitiets, spur leaves, or
whole spurs

Experiment 1970.2. The results of experiment 1970.2 are shown in Fig. 9.
Fruit drop was light, but GA, | ; did reduce it. Although the differences between
the various treatments were small, the application 20 days after full bloom was
somewhat more effective than that made 30 days after full bloom. Two applica-
tions carried out 20 and 30 days after full bloom were not more effective than a
single treatment 20 days after full bloom. Spraying whole spurs did not give
better results than treating fruitlets alone. The differences in actual June drop
between the treatments on spur leaves or fruits were negligible. However, when
total fruit drop is considered, application to the fruitlets might have been more
effective. Neither in this treatment nor in the ones mentioned before did the
growth regulators affect the time at which the fruits dropped. Only the amount
of drop was influenced.
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Fig. 9. Experiment 1970.2. Drop g5 NUMBER OF FRUITS
patterns of Cox’s QOrange Pippin
fruits as affected by the application 4
of 30 ppm GAg,s, 20 andjor 30
days after full bloom to the whole 30
spuss, the spur leaves, or the fruit-
lets. Fruits obtained from hand-pol- 20
linated flowers with 2 styles (48
fruits followed per treatment). 10
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3.2.1.3. Fruit drop after treatment of whole branches or trees

Experiment 1968.4. The results of experiment 1968.4 (first column of Table
11) show that NAAm reduced June drop considerably. This effect was not
enhanced by the addition of either GA; or BA, their combined addition gave
further reduction. This is also to be seen in Fig. 10. Neither GA; nor BA affec-
ted June drop. The chemicals had no detrimental effect upon the leaves. In this
experiment no further data were gathered after June drop.

Experiment 1969.4. Table 11 also gives the results of experiment 1969.4. All
substances tended to increase June drop slightly when applied 11 or 21 days
after full bloom. Thirty days after full bloom, GA; and BA possibly also en-
hanced June drop somewhat. NAA, however, clearly diminished June drop
when applied at that time. Later, i.e. 39 days after full bloom, NAA had the
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Fig. 10. Experiment 1968.4, Drop patterns of Cox’s Orange Pippin fruits as affected by the
spraying of 30 ppm NAAm, whether or not combined with 30 ppm GA; andfor 10 ppm BA,
42 days after full bloom on whole branches, (Means of 2 branches per treatment).

same effect, but now GA; and BA also had a slight reducing effect, though far
less than NAA.,

Table 11 also shows considerable percentages of fruit drop occurring after
the actual June drop was over. Several treatments affected this late drop, either
positively or negatively.

Conspicuous effects in this respect were caused by applications of all three
regulators; applications made 11 and especially 30 days after full bloom in-
creased the rate of fruit drop afier June drop, but applications made 21 or 39
days after full bloom reduced it. It is clear that all treatments carried out 39
after full bloom reduced this late fruit drop to some extent.

Experiment 1970.3. In this experiment whole trees were sprayed with various
concentrations of GA, .,y or, at various times after flowering, once or several
times with 30 ppm GA, ; ;. The first counting of the fruits was carried out on 25
June, i.e. 19 days after the first treatment and 9 days after the second one. On
this date the differences in numbers of fruits between the treatments observed at
picking time, were already present. Therefore, GA, . ; must have taken effect
rapidly. After 25 June, only a very slight fruit drop occurred; 29/ to 79, of the
fruits was dropped between this date and 22 September, the day of picking. The
results of these treatments are included in Table 12. Except for 30 ppm applied
20 or 40 days after full bloom, all treatments with GA, , ; increased the number
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of fruits per 100 flower clusters and the yield in kg per tree, in some cases {0 a
considerable extent. None of the treatments appeared to be phytotoxic. As can
be scen from the percentage of flower clusters in 1971 as compared to 1970,
some GA, ., treatments affected flower-bud formation negatively, especially
1000 ppm applied 20 days after full bloom. Two applications with 30 ppm did
not suppress flower-bud formation. The negative effect on amount of bloom
was, for a great part, caused by the abscence of flower clusters on the long one-
year-old twigs. The other data of Table 12 are dealt with on p. 39 and 40.

3.2.2. Fruit size, shape, and seed content

3.2.2.1. Fruit size, shape, and sced content after treatment of

individual fruitlets
Experiment 1968.2. The picked fruits of experiment 1968.2 showed great
variability in size (Table 13), possibly due in part to the small numbers of

Tanie 13, Experiment 1968.2. Determinations on picked fruits of Cox’s Orange Pippin concerning
fruit size, shape and seed content. Treatment of individual fruitiets with 30 ppm GA; or
NAAm or 10 ppm BA ot their combinations.

Treatment Days Num- Average fruit Height/ Seeds/fruit
aft:]clr ;?kzg weight volume diameter height diameter Normal deaf
bloom fruits ® (m?) (mm) (mm)

0 (water) 10 22 158 176 720 626 087 19 55
GA; 22 144 173 712 6L6 0.87 1.3 53
NAAm 24 177 211 755 630 0.86 1.4 60
BA 22 149 177 T3 615 0.85 1.2 60
GA; + NAAm 2 156 184 725 620 0.86 17 6.0
GA; + BA 21 177 209 759 660 0.87 13 52
NAAm + BA 18 146 166 704 617 0.87 L1 55
GA; 4+ NAAm + BA 20 164 183 743 640 0.86 14 54
0 (water) 2 17 143 169 700 56.5 0.81 1.5 53
GA; 20 158 181 712 583 0.83 16 356
NAAm 17 178 212 755 6L7 0.82 14 61
BA 2 177 207 753 620 0.82 16 55
GA; + NAAm 23 181 209 749 631 0.85 18 50
GA; + BA 20 149 189 728 605 0.83 1.1 67
NAAm + BA 20 133 153 677 594 0.84 11 58
GAj; + NAAm + BA 21 149 175 717 593 0.83 1.0 65
0 (water) 3119 196 202 748 63.5 0.85 1.9 St
GA, 22 170 199 747 643 0.86 20 54
NAAm 2 159 180 728 630 0.86 12 58
BA 22 176 208 759 662 0.87 18 57
GA; + NAAm 24 150 172 TI1 622 0.87 1.9 53
GA, + BA 25 156 180 T1.7 625 0.87 2.5 54
NAAm + BA 21 170 194 729 64.6 0.89 17 5.4
GA; + NAAm + BA 22 172 197 744 643 0.87 16 55
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fruits, In view of the differences in fruit size between the three control treat-
ments, it is clear that none of the growth regulators clearly affected fruit size.
The same holds for height: diameter ratio and seed content. It is remarkable
that the height: diameter ratio of all treatments carried out 21 days after full
bloom differed from those of the treatments 10 or 31 days after full bloom.
Further, it was noteworthy that so many deaf seeds occurred in the fruits,

Experiment 1968.3. Table 14 shows the determinations on the picked fruits of
experiment 1968.3. The average fruit size in most treatments was smaller than
that of the untreated material. On the average, GA, appeared to be least inhi-
biting. Neither GAs nor NAAm affected the height: diameter ratio of the
fruits, but high concentrations of BA (30 and 100) gave slightly flatter fruits.
Most treatments led to a lower number of good seeds as compared to the con-
trol, and in all treatments the fruits contained a high average number of aborted
seeds.

TasLe 14. Experiment 1968.3. Determinations on picked fruits of Cox’s Orange Pippin concerning
fruit size, shape and seed content. Treatment of individual fruitlets with various concen-
trations of growth regulators 21 days after full bloom.

Treatment Number Average fruit Height/ Seeds/fruit
of picked - - " diameter
fruits weight volume diameter height. Normal Deaf
(g) femy) (mmy) (mm)
0 (water) 20 163 193 740 655 0.89 1.7 5.5
3 ppm GA; 23 143 162 ¢89 594 0.87 1.0 6.3
10 ppm GA, 25 160 186 73.0 630 Q.87 1.6 5.8
30 ppm GA, 23 149 170 708 62.8 0.89 1.5 6.0
100 ppm GA, 24 150 182 710 627 0.89 14 6.1
I ppm NAAmM 22 142 161 703 576 0.85 0.7 59
10 ppm NAAm 18 118 131 652 563 0.86 0.8 56
30 ppm NAAM 14 140 161 68.6 59.3 0.86 16 58
100 ppm NAAm 22 140 159 685 60.1 0.88 1.0 57
3ppm BA 20 144 212 69.4 592 0.86 0.9 6.5
10 ppm BA n 140 172 694 59.0 0.85 1.8 58
30 ppm BA 17 147 177 712 604 0.80 0.9 57
100 ppm BA 18 131 156 685 584 0.81 0.8 6.1

Experiment 1969.2. Table 15 gives the results of all determinations on picked
fruits except for the very few fruits obtained from free-pollinated flowers, As the
values in Table 15 show, none of the treatments affected fruit size or shape.
Several treatments may have decreased the number of normal seeds, especially
the application of NAA 10 days after full bloom. For later application dates,
the picture is not so clear: sometimes a combination of growth regulators had a
detrimental effect, but this was not the case for the regulators separately, for
example, GA; -+ NAA applied 21 days after full bloom.
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TABLE 15, Experiment 1969.2, Determinations on picked fruits of Cox’s Orange Pippin concerning
fruit size, shape and seed content. Treatment of individual fruitlets with 30 ppm GA: or
NAAm or 10 ppm BA or their combinations.

Treatment Days Num- Average fruit Height/ Seeds/fruit
after ber of - - - diameter —_—
full picked weight volume diameter height Normal Deaf

bloom fruits. @ (em? (mm) (mm)
0 (water) 10 18 126 142 668 579 0.87 26 4.1
GA, 21 121 135 66.6 557 0.84 14 49
NAA 23 128 144 672 559 0.83 1.2 52
BA 14 119 132 654 559 0.85 25 4.1
GA; + NAA 16 117 130 656 557 0.85 1.8 49
GA; + BA 14 127 142 871 564 0.84 22 36
NAA 4 BA 17 113 127 639 53.6 0.84 1.8 43
GA, + NAA | BA 2 117 128 655 557 0.84 14 45
0 (water) 21 19 18 132 652 556 0.85 21 43
GA, 16 121 154 685 579 0.85 21 43
NAA 15 118 132 659 555 0.84 21 39
BA 11 118 132 654 552 0.84 1.9 42
GA; + NAA 15 121 134 652 564 0.86 1.1 5.2
GA; + BA 21 143 161 69.8 583 0.84 1.8 40
NAA + BA 17 1286 142 615 573 0.85 14 49
GA; + NAA + BA 17 129 143 671 569 0.85 19 53
0 (water) 30 25 134 149 683 582 0.85 24 36
GA, 24 138 156 689 590 0.86 26 33
NAA 44 134 151 680 582 0.86 20 23
BA 25 138 156 69.5 589 0.85 18 41
GA; + NAA 16 126 141 662 5§13 0.86 20 32
GA; + BA 20 132 147 613 577 0.86 31 33
NAA 4+ BA 34 133 148 6783 57.8 0.85 1.8 36
GA; + NAA +BA 39 130 145 669 57.2 0.85 16 40

Experiment 1969.3, Table 16 gives the results of the determinations done on
harvested fruits of experiment 1969.3. GA; had no effect on fruit size in concen-
trations < 300 ppm, but 1000 ppm clearly promoted fruit growth. GA, .-,
when used in concentrations > 100 ppm also had a positive effect on fruit
growth. NAA, on the contrary, had an inhibitory effect in the same concentra-
tions (Figs. 11 and 12).

Neither GA, , , nor NAA had any effect when used in concentrations of 10
and 30 ppm (Table 16). BA promoted fruit growth in concentrations > 100
ppm, but these results are less reliable, because of the low number of fruits. ABA
did not appear to affect fruit growth.

As can be seen from the height: diameter ratio in Table 16, high concentra-
tions of GA, (1000 ppm) and GA, .7 (> 30 ppm) gave more elongated fruits.
High concentrations of NAA (> 300 ppm), BA (> 100 ppm), or ABA (1000
ppm) caused flattening of the fruit shape.
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Fig. 1. Experiment 1969.3 Growth curves of Cox's Orange Pippin fruits as affected by the
application of various concentrations of NAA and GA, .+, 21 days after full bloom. (Means
of 12 fruits per treatment). Compare Fig. 12.

Fig. 12. Experiment 1969.3. Picked fruits of Cox’s Orange Pippin. Notice differences in fruit
size, The four fruits on the left had been treated with 1000 ppm GA4 44, 21 days after full
bloom, the four on the right with 1000 ppm NAA on the same date. The four fruits in the
middle had been treated with water only. Compare Fig. 11.

The data on seed content in Table 16 indicate that all treatments except
1000 ppm GA,,, affected normal seed development negatively. Especially
1000 ppm BA appeared to have been detrimental in this respect,
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TABLE 16. Experiment 1969.3. Determinations on picked fruits of Cox's Orange Pippin conceming
fruit size, shape and seed content. Treatment of individual fruitlets with various concen-
trations of growth regulators 21 days after full bloom.

Treatment Number Average fruit Height/ Seeds/fruit
of picked . - - diameter
fruits weight volume diameter height Normal Deaf
(8 {em?) (mm) (mm)
0 (water) 16 116 127 654 550 0.84 2.8 38
10 ppm GAs 21 110 118 632 531 0.84 23 39
30 ppm GA, 19 111 123 643 536 0.34 1.4 4.6
100 ppm GA» 17 117 132 653 3551 0.85 1.9 4.4
300 ppm GA3s 23 111 125 643 545 0.85 23 3.7
1000 ppm GAs 23 138 159 691 60.1 0.87 20 3.6
10 ppm GAsrr 20 114 129 649 550 0.35 1.0 53
30ppm GAysr 23 121 138 653 573 0.88 1.6 3.6
100 ppm GA4sr 30 138 155 68.1 59.5 0.38 1.7 3.6
300 ppm GAL4 31 145 161 68.6 60.8 0.89 1.9 28
1000 ppm GA44 7 39 143 164 693 614 0.89 27 22
10 ppm NAA 11 119 133 656 552 0.84 1.9 4.2
30 ppm NAA 15 112 126 646 55.6 0.86 1.1 5.0
100 ppm NAA 15 9% 111 611 51.2 0.85 1.5 4.2
300 ppm NAA 21 92 94 585 413 0.81 1.2 4.4
1000 ppm NAA 21 60 62 518 424 0.82 1.9 22
10 ppm BA 21 112 125 644 3540 0.84 1.9 44
30 ppm BA 15 118 132 654 543 0.83 1.8 4.5
100 ppm BA 7 141 160 699 546 0.81 1.5 3.2
300 ppm BA 12 129 144 688 548 0.80 1.3 3.7
1000 ppm BA 10 142 156 702 557 0.79 0.8 5.3
10 ppm ABA 16 108 122 634 547 0.86 2.1 4.1
30 ppm ABA 25 110 124 636 540 0.85 1.4 5.1
100 ppm ABA 18 114 127 645 548 0.85 1.7 4.5
300 ppm ABA 17 114 121 637 527 0.82 1.8 4.4

Experiment 1970.1. Table 17 contains the results of the determinations on
picked fruits for experiment 1970.1. It is clear that GA, ., promoted fruit
growth, Except with 300 ppm, an increase in concentration had an increasingly
strong effect. In this experiment GA, .+ did not induce a more elongated fruit
shape as in experiment 1969.3. The fruits were rather small because, standing
close to a windscreen of poplars, the experimental trees suffered temporarily
from drought, due to little rainfall in the first part of the growing season.
Nevertheless, fruit growth was promoted. The effect of this gibberellin mixture
on fruit development is also shown in Fig. 13.

The drought led to some cracking in untreated fruits, viz. in 7 of the 36
picked fruits. GA,,; apparently prevented the formation of drought cracks,
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Fig. 13. Experiment 1970.1. Growth curves of Cox’s Orange Pippin fruits as affected by the
applications to the fruitlets of various concentrations of GAg 47, 21 days after full bioom,
(Means of 12 fruits per ireatment).

because not a single GA, , ;-treated fruit showed them. The 13 picked fruits of
the free-pollinated treatment (not mentioned in Table 17) included 3 with
cracks. Cracking also occurred on fruits not included in the experiment.

The data on seed content in Table 17 clearly indicate that GA, 4+ promoted
normal seed development. This effect was greater, the higher the concentration,
except with 300 ppm. Table 17 shows that GA, ., in concentrations > 100
ppm affected flower-bud formation negatively, and the more severly the higher
the concentration. Between 300 and 1000 ppm, however, the differences were

TanLE 17. Experiment 1970.1. Determinations on picked fruits of Cox’s Orange Pippin concerning
fruit size, shape and seed content. Treatment of individual fruitlets with various concen-
trations of GAg4 47, 21 days after full bloom.

Treatment Num- Average fruit Height/  Seeds/fruit ${ bourses
ber of - - - diameter T with
picked weight volume diameter height Normal Deaf flower
fruits @® (em’) (mm) (mm) bud(s) in

1971

0 (water) 36 84 92 581 494 (.86 1.4 4.7 84.6

10 ppm GA, 47 40 103 115 628 537 0.86 1.9 3.9 91.5
0ppm GA, .~ 42 115 129 653 3560 0.86 26 36 85.1
100 ppm GA4 47 43 121 138 678 3568 0.86 29 3.1 67.4
300 ppm GA, 49 45 111 126 64.7 54.7 0.85 2.4 3.8 550
1000 ppm GA4 47 45 129 147 68.0 583 0.86 i6 2.3 51.2
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small. Treatments with 10 or 30 ppm had no effect on flower-bud formation.
The negative effect of high concentrations may be due not solely to the GA,, ;,
since there were more spurs with [ruits after treatment than without treatment;
the fruits may therefore have also played a role.

3.2.2.2. Fruit size, shape, and seed content after treatment of fruit-
lets, spurleaves,orwholespurs

Experiment 1970.2. The results of experiment 1970.2 are summarized in
Table 18. In this experiment, as in the previous one, the trees suffered from
drought. Again, GA, ., prevented the occurrence of drought cracks in the
fruits when applied to fruitlets or whole spurs. Table 18 also shows that when
applied to the fruitlets GA, , ; had a greater effect on fruit growth than when
brought onto the leaves. When whole spurs were treated, the effect on fruit
growth was similar to that of treating the fruits, The growth curves of all treat-
ments are given in Fig. 14,
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In Table 18 the height: diameter ratio is not varying much between the treat-
ments. Hence, the shape of the fruits was not altered. The data on seeds indicate
that GA, ., supported normal seed development, since the treated fruits had
fewer deaf seeds, and especially after treatment of fruitlets, whether or not
together with the spur leaves. The only two treatments that affected flower-bud
formation negatively were those in which the fruitlets were treated with GA, , ;
30 days after full bloom. Strangely enough, this was not the case when fruits
and leaves were treated at the same time. Since GA-treated spurs had more
fruits than the untreated ones, the reduction in flower-bud formation may also
have been caused by the extra number of fruits.

3.2.2.3. Fruitsize, shape, and seed content after treatment of whole
branches or trees
Experiment 1969.4. Table 19 gives the mean fruit weights of the picked fruits
of experiment 1969.4. Untreated fruits were among the largest, except in the
last series treated 39 days after full bloom. Furthermore, on the average all
regulators slightly decreased fruit weight, NAA most of all, although the ef-
fects were not large.

TABLE 19. Experiment 1969.4. Mean fruit weight () of picked Cox’s Orange Pippin fruits.
Treatment of whole branches with 30 ppm GA; or NAA or 10 ppm BA, or their
combinations at various times after full bloom.

Treatment Application in days after full bloom
11 21 30 39 Average
0 (water) 120 108 109 96 109
GA, 96 96 99 109 100
NAA 107 105 86 94 98
BA 107 100 98 100 10t
GA, + NAA 97 109 89 96 97
GA, + BA 96 109 103 97 101
NAA + BA 98 104 92 104 99
GA; + NAA 4+ BA 98 105 86 89 94

Experiment 1970.3. The results of experiment 1970.3 are shown in five
columns at the right in Table 12 (p. 30). As indicated by a higher mean fruit
weight, some of the GA, , » treatments gave larger fruits, viz. 300 and 1000 ppm
applied 20 days after full bloom, 30 ppm applied 40 days after full bloom, and
also 30 ppm sprayed three times, 20, 30, and 40 days after full bloom. It is not
clear why the other two treatments, in which applications were made 40 days
after full bloom, had smaller fruits than the control treatment, but the fruit-size
variability occurring on the experimental trees may be responsible. Therefore,
it is difficult to draw any definite conclusions about the effect of GA,,; on
fruit size in this experiment.
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The height: diameter ratios in Table 12 indicate that GA, ,; may have in-
duced taller fruits, especially after the use of 300 and 1000 ppm. There was no
clear effect on seed content. Compared to the trials at Wilhelminadorp, fruits
of this experiment at Qudelande had a low total seed content. This was perhaps
caused by the triploid cultivar Schone van Boskoop, which was the pollinator
at Oudelande. Trees in this experiment did not suffer from drought.

The data on bitter pit in Table 12 show that two of the treatments induced
more bitter pit, viz. 300 and 1000 ppm. Most of the treatments with 30 ppm
may, however, have slightly suppressed this disorder.

3.2.3. Conclusions

— Application of various growth regulators, viz. NAA, NAAm, GA;, GA,, -,
BA, and ABA, applied at various times after flowering showed that various
concentrations of NAA or NAAm and GA, ,; were effective in reducing June
drop of Cox’s Orange Pippin fruits.

- NAA or NAAm reduced June drop when applied 30 to 42 days after full
bloom, whereas GA, ,~ gave this effect when used as early as 20 to 30 days
after full bloom, and 20 days actually appeared to be slightly more effective.
GA, .7 was already active in low concentrations (30 ppm).

-~ When NAA or NAAm were applied 10 or 21 days after full bloom, June
drop was enhanced after the use of low concentrations, but diminished after
use of high concentrations (Z= 300 ppm).

— GA, only reduced June drop when used in high concentrations (= 300 ppm)
21 days after full bloom. Low concentrations sometimes increased June drop
after application up to 30 days after full bloom.

- BA increased June drop when used in high concentrations (= 100 ppm)
21 days after full bloom and sometimes also when used in lower concentrations
up to 30 days after full bloom. Still later, i.e. 3% days after full bloom, BA may
have diminished June drop.

— ABA had no clear effect on June drop when used 21 days after full bloom in
concentrations of up to 300 ppm.

— NAA(m), GA,, and BA were not more active in combination than separately
except in one case, in which NAAm + GA; + BA used 42 days after full
bloom reduced June drop more effectively than the regulators used separately
or two of them combined.

- Application of GA, , 5 to the fruitlets or to whole spurs was more effective in
reducing fruit drop than spraying the spur leaves only.

— None of the chemicals affected the time of June drop; only the amount of
June drop was influenced.

- When June drop was reduced by a growth regulator or a combination of
regulators, no extra fruit drop occurred later in the season except in one case,
viz. when NAA + GA,; + BA were used 30 days after full bloom on whole
branches.

~ The fruit-drop reducing effect of 2 or 3 sprays with 30 ppm GA, ., applied
20, 30, and/or 40 days after full bloom to whole trees was equal to or even higher
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than that of one application with > 100 ppm.

— Fruit size was affected positively by high concentrations of GA; (1000 ppm),
GA, ;7 (> 100 ppm), and BA (> 100 ppm), and negatively after the use of
NAAm or NAA, especially after the treatment with > 100 ppm on the fruitlets.
ABA showed no effect on fruit size,

- Fruit shape also was affected by some treatments. Flatter fruits were induced
by NAA (Z= 300 ppm), BA (> 100 ppm), and ABA (300 ppm}. More elongated
fruits were caused by applications of GA, (1000 ppm) and GA, 5 (> 30 ppm
in 1969, 2> 300 ppm in 1970).

— Most of the treatments affected seed development negatively when used up to
21 days after full bloom, the only exception being 1000 ppm GA,,,. Later
applications were less detrimental. Under conditions of water stress, GA, .+
promoted normal seed development in all concentrations used (> 10 ppm), and
prevented the occurrence of drought cracks in the fruits.

— After spraying of whole spurs, branches, or trees, no phytotoxicity was ob-
served for 30 ppm NAA (m}), 30 ppin GA;, 10 ppm BA, combinations of these,
or =30ppm GA, ;4.
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4. DISCUSSION

4.1, FIRST DROP

As mentioned in Chapter 1, first drop is ascribed to lack of sufficient pollina-
tton and/or fertilization or to early seed abortion.

Pollination. Lack of pollination indeed causes a heavy first drop as can be
inferred from experiments 1968.1 and 1969.1, in which virtually all the ovaries
*without styles’ dropped soon after flowering (Figs. 2 and 3). SCHANDERL (1949)
similarly observed that preventing pollination of apple flowers led to drop of
undeveloped flowers. Theoretically, the style-stumps left after excision of the
free styles could have been pollinated. NaMikawa (1923) found that after
hand-pollination of style-stumps, pollen germination, pollen tube growth and
fertilization are possible. Hand-pollination was not carried out in the present
experiments in these particular treatments, however, and it is not likely that
pollination of the flowers without styles occurred, since even open pollination of
intact flowers failed to induce a reasonable fruit set (Fig. 2). Since hand-pollina-
tion caused a high fruit set of the same kind of flowers, fiower sterility could not
have been the cause of the heavy flower abscission following free-pollination.
Therefore, pollen transfer must have been the limiting factor. The same defect
was observed by WiLL1ams (1970a). It is likely that in experiment 1968.1 only a
few flowers were pollinated by free-pollination and probably also only a few
stigmas per flower. The former can be deduced from the similarity in first -drop
pattern between free-pollinated flowers and flowers without styles (also open-
pollinated) (Fig. 2). The latter is probable because first drop following free-
pollination was heavier than that of flowers from which only 1 or 2 stigmas
were hand-pollinated. This also held for Cox’s Orange Pippin (Figs. 3, 6, and 7).
Pollen density on the stigmatic surface may, however, have been involved for it
is known that 1his affects fruit set (LEoPOLD, 1964). It is likely that hand-pollina-
tion of one stigma brought more pollen to the flower than free-pollination of
five stigmas. This may also be the reason why there was slightly more first drop
after hand-pollination of one or two stigmas than after hand-pollination of
three or more styles per flower (Figs. 2 and 3).

Because open pollination may fail to give good fruit set — although to achieve
this it is only necessary for one stigma to be well pollinated (Figs. 2 and 3) — poor
polien transfer should be considered one of the first causes of poor set. Im-
provement of pollen transfer can be achieved by increasing the number of honey-
bees, the main pollinating insect for apple, by placing bee hives in the orchard
{SmiTH, 1970). Increasing the possibilities for air-borne pollen should also be
considered, since bee activity is low under adverse weather conditions (SMITH,
1970; LANGRIDGE and JENKINS, 1970) and considerable quantities of air-borne
pollen are present in apple orchards (BURcHILL, 1963; WERTHEIM, 1968;
LANGRIDGE, 1969). 'Making wind’ with the spray equipment several times
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during blossoming has therefore been recommended (SAURE, 1967; WERTHEIM,
1968).

Fertilization. The presence of pollen grains on the stigmas gives no cer-
tainty as to whether the flower will set. In spite of thorough hand-poilination in
the present trials, a few of the flowers still dropped. Lack of fertilization may
have been involved here. Pollen tubes could have come too late in these flowers
to reach the egg apparatus in a viable state. WILLIAMS (1970b) found that the
egg cell has a limited life-span and therefore the time of pollination or the
rapidity of pollen tube growth can be critical for fertilization. However, since
hand-pollination was carried out as early as in the balloon stage, the time of
pollination could hardly have been limiting. Another possibility to explain
flower drop after hand-pollination is to assume that fertifization did occur,
but that the embryo or some other essential seed tissue degenerated very soon
afterward. This might be caused by a short in food supply, which is one of the
reasons for poor set {TAYLOR, 1969). But in any case, since OSTERWALDER
{1909) found embryos in dropped pear *flowers’, fertilization dogs not give
complete certainty about retention of the ovary.

Nutrient supply. Concerning the nutrient supply, ABeoTT (1960) even
stated that it is not pollination that is crucial for fruit set, but rather the nutrient
supply from the reserves present in the branches and/or roots. POSSINGHAM
(1970) similarly postulated that in grape carbohydrate nutrition of the inflores-
cence is of primary importance for fruit set. Fruit set may be limited by the
ability of the developing cluster to command organic foods. Therefore, bark
ringing may increase fruit set (HEmNICKE, 1923) because it raises the level of
assimilates above the ring. Bark ringing may, however, involve more changes,
for instance the gibbereilin metabolism, as found in grape (SAcHs and WEAVER,
1968), which may also affect fruit set. HowLETT (1926) showed that set apple
flowers withdraw nitrogen to such an extent that despite their rapid growth
there is no change in total nitrogen content on the basis of percentage of dry
weight; set flowers also accumulated carbohydrates. Fruit set therefore depends
to a considerable extent on the presence of nutrients.

In the present trials a few fruits indeed reached maturity without any sign of
seed development (Table 4), which points to the possibility of fruit growth with-
out stimuli from fertilization and seed development. Apparently, these fruits
survived all drops only on the basis of a good supply of nutrients, although a
stimulus from pollination alone cannot be ruled out. Thinning of the flowers to
one per cluster may have contributed to a good nutritional status of the flowers,

Competition. At anthesis, flowers generally do not appear to be strong
sinks, although there may be exceptions like the lemon flower (KRIEDEMANN,
1969). During anthesis development stops abruptly in apple flower, There is no
cell multiplication or cell enlargement (SMitH, 1950), and the fruitlet also grows
slowly the first few days after pollination (DENNE, 1960), prabably because the
most important stimulus for growth, which comes from fertilization is still
lacking. A real strong sink is only created after fertilization (HALE and WEAVER,
1962; KRIEDEMANN, 1968b; WEAVER et al., 1969 ; STOSSER, 1970a). Because the
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flower itself is such a weak sink, the presence of other sinks will decrease the
chances of fruit set, especially those closely situated to the flower cluster. In the
1969 experiments first drop was heavier from spurs with a developing shoot
than from spurs without such a shoot (Table 3). The tips of growing shoots
form sinks (HANSEN, 1967b). Assot1T (1965) also observed that fruit set on a
bourse without a shoot was higher than on a bourse with a shoot. Similarly,
Tromp (1968} found that fruit set on apple trees with weak growth was higher
than on more vigourously growing trees. QUINLAN and PresToN (1968) ob-
tained an increase in the number of shoots — also bourse shoots — after earty
thinning of fruitlets. They concluded that the competition for substrates between
above ground parts is most severe during the time of blossoming. Early removal
of shoot tips can therefore increase fruit set, probably because the fruitlets no
longer compete with the demanding young leaves, as found in grape (SKENE,
1969) and pear (WERTHEIM, 1971). Treatment of grape inflorescences with the
growth retardant CCC (chloromequat) before anthesis increases fruit set,
probably by retarding shoot growth so that more organic foods can go to the
developing ovaries (CooMsE, 1970).

Probably also the competition between the ovaries plays a role in fruit set. A
slight start in fruit development of one fruit may check fruit set of an adjacent
flower — as found in pear (WaucHoOPE, 1968), cucumber (DE STIGTER, 1969),
and citrus (KRIEDEMANN, 1969) — probably because the flow of substrates from
the leaves is stimulated by rapidly growing fruits (HALE and WEAVER, 1962) at
the expense of the fruits that have not yet started to grow. That such competi-
tion also occurs in apple can be deduced from the fact that early thinning, i.e.
in the pink bud stage or one week after full bloom, increases the ultimate size of
the remaining fruits (QUINLAN and PrRESTON, 1968). It is conceivable that besides
the rate of inter-fruit competition in first drop, rapidly growing fruits may pro-
duce substances leading to the acceleration of abscission tendencies of later
flowers, as found in lupines (VAN STEVENINCK, [959). It will be clear that
because there is a heavy competition between the above ground parts of the
tree for all kinds of nutrients, the nutritional status of the tree is of extreme
importance for fruit set (TAYLOR, 1969).

Role of hormones. The capacity of the fertilized flower to command
nutrients is thought to be governed in particular by a raised auxin level (JACK-
SON, 1968), just as has been supposed for growing shoot tips by LUCKWILL
(1968, 1970). Indeed, the auxin content of ovaries, which is low at anthesis,
rises after pollination or fruit set, as found in tobacco (MuUIR, 1942; Lunp,
1956), Fritillaria (KALDEWEY, in LEcpoLD, 1964), and grape (ITo et al., 1969),
The import capacities of flowers of parthenocarpic cultivars is thus probably
attributable to their higher auxin content as compared with non-parthenocarpic
cultivars.

The increased auxin content after pollination and fertilization may at the
same time be responsible for the prevention of abscission of the pedicle of the
flower. Removal of tobacco ovaries accelerates the abscission of the flower
pedicle, which can be counteracted by application of auxin indoleacetic acid
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on the cut surface (YAGER, 1960). These phenomena may clarify why applica-
tion of auxin raises fruit set in various plant species. For fruit crops this has
- been found, for instance, in pear (OSBORNE, 1949; DETAR et al., 1950; DECOUR-
TYE, 1963; LIEBSTER, 1968), grape (WEAVER et al., 1969), fig and avocado
{(LeoroLD, 1958), orange (STEWART and Krotz, 1947), strawberry (THOMPSON,
1967) and peach (HiegarD and MuUrNEek, 1950). LuckwiLL (1953 a, b) also
attributed first drop of apple to a shortage of auxin in the developing seeds;
therefore first drop ends when the auxin content in the seeds rises at the time
that the endosperm passes from the free nuclear to the cellular state.

Although all these facts point to auxin as the decisive factor in fruit set, it is
highly probable that this hormone is not solely responsible, since not all plant
specigs can be forced to set fruit with auxin applications (LEoPoLD, 1964).
Moreover, other hormones such as gibberellins, and cytokinins, may enhan-
ce fruit set as well. Gibberellins for example, are known to have this effect
in apple (see Chapter 1), pear (VARGA, 1964, 1965, 1968; UIiTTERLINDEN,
1966; MopLiBowska, 1966), grape (WEAVER et al., 1969), cherry (REBEIZ and
CRrANE, 1961), peach (CRANE et al., 1961), plum (Jackson, 1968), and blueberry
{MamLaND and Eck, 1969). Cytokinins may induce fruit set in apples (LETHAM
and WILLIAMS, [969; VARGA, 1969), pear (VARGA, 1969), and grape (WEAVER
et al., 1969). Jones (1965) stated that application of a cytokinin to young melon
fruits enhanced their competitive power with respect to other plant parts.
LETHAM (1967) mentioned that developing fruits of various species, including
apple, are rich sources of cytokinins, their presence being not dependent on
fertilization. They may play an important role in the regulation of cell division
in these fruits and appear, for example, to be important in the morphogenesis of
the embryo.

It is, however, quite possible that gibberellins and cytokinins exert their
effect on fruit set via auxin, for example, by enhancing auxin production or
transport (JACKSON, 1968). Sastry and Muir {1963) found that gibberellin A;
can augment the amount of diffusible auxin by young tomato fruits. They even
postulated that the stimulus of pollination in fruit growth arises from gibberel-
lin in the pollen, which results in the production of diffusible auxin in the
ovary tissue. I70 et al. (1969) found that a pre-bloom dip of grape clusters in a
gibberellin solution increases the auxin level at bloom. A raise in diffusible
auxin after gibberellin treatment is not restricted to flowers or fruits (VaLDOVI-
Nos and ERNEST, 1967 ; SKYTT ANDERsSON and MuUIR, 1969), and seems therefore
to be a fairly general reaction to gibberellin treatment (see also CLELAND, 1969:
p. 71-77). According to HARRIS et al. {1969), gibberellins together with auxins
have a function in the control of carnation flower development up to anthesis
and in the distribution of assimilates between flower and shoot. In bean, auxin
induces transport of labelled P and C assimilates towards the region of applica-
tion, whereas gibberellin and cytokinin do not (SETH and WAREING, 1967). They
found, however, that combinations of these hormones were more active than
auxin alone. Similarly, KOTOB and ScHwase (1971) found that fruit set could be
induced in Cox’s Orange Pippin apple only when a combination of an auxin, a

Meded. Landbouwhogeschool Wageningen 71-17 (1971) 45



gibberellin, and a cytokinin was applied to emasculated and effeminated
flowers. A synergism of auxin and gibberellin has also been observed in cherry
fruit set {(REBEIZ and CRANE, 1961 ; CrRaNE and Hicks, 1968), and the same holds
for the strawberry (THomPsON, 1967) and for the tomato (WITTWER and ToL-
BERT, 1960).

In the present trials the growth regulators were used to affect not fruit set but
June drop, and were therefore applied rather late, i.e. 10 days after full bloom
at the earliest. With respect to fruit set the results of these early treatments were
inconclusive. In one trial the growth regulators applied at that time had no
effect (Table 6), in another trial all regulators decreased first drop slightly
(Table 8), but in a third experiment the same treatments increased first drop
(Table 11). It therefore seems difficult to affect fruit set reliably with the treat-
ments involved.

Conclusion. In conclusion, fruit set is probably controlled by the combined
action of several growth-promoting hormones, emanating in all likelihood
from the seeds, these hormones, in an unknown way, directing the supply of
nutrients to the fruit and thus enabling their growth. At the same time, the
auxin component prevents the start of abscission processes. Only when all com-
petition from other sinks is eliminated, can fruit set be obtained without any
stimulus. Fruit set can only be improved artificiallty by application of growth
regulators if the limiting hormone(s) can be supplied, whether directly or in-
directly, at the right moment in the complex interplay of the endogenous hot-
mones.

4.2. JUNE DROP

Apple fruits that have set continue to grow but some of them only tempora-
tily. About 14 days before June drop the fruitiets that wiil drop suddenly show
diminished growth (SCHUMACHER, 1962). So, although June-drop fruitlets are
clearly more than simply ovaries and reach diameters up to 30 mm (Table 2, see
also HEINICKE, 1917), they are on the average smaller than the remaining fruit-
lets (compare Table 2 with Fig. 5 for the same dates), This difference was also
found by TyDemaN (1938), VON RAUSSENDORFF-BARGEN (1963) and SiMONs
(1965). o

Seed number. Fruitlets of various fruit crops shed during June drop have
been fertilized, since many of them contain embryos in the seeds {SRIVASTAVA,
1938; BRADLEY, 1962; VON RAUSSENDORFF-BARGEN, 1963}, Seced formation
occurred in most of the shed fruitlets of the present trials. Still, a number of
these fruitlets did not show even a single sign of ‘seed development (Table 4,
upper part). These have survived first drop and such fruits can even survive
June drop, since some of the picked fruits too contained no seeds at all (Table 4,
lower part). On the average, June drop fruitlets contained fewer seeds per fruit
than the remaining ones {Table 4}, as has long been known (HEINICKE, 1917;
LUckwiILL, 1948; VON RAUSSENDORFF-BARGEN, 1962). Thus although they are
apparently not indispensable it is justified to suppose that seeds can help the
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fruit through a critical period. This is supported by the observation that abs-
cised fruitlets of the first part of the June-drop period contained fewer seeds as
compared to the fruits shed during the second part of this period (Table 2). The
higher the number of seeds, the longer the fruits can be retained.

Seed quality. It is higly probable that not only seed number is involved in
June drop but alse seed quality. In dropped cherry fruits it was observed by
BrADBURY (in: BRINK and COOPER, 1947) that the endosperm was less well
developed than in retained ones. DORSEY (in: Brink and CooPER, 1947) found
that in plum the cross Compass x Yellow Egg gave little endosperm develop-
ment and only a few fruits reached maturity, in spite of good fruit set. Similarly,
peach fruits about to abscise and those considered potential drop fruits have
seeds without endosperm or with degenerating endosperm and/or no embryo or
an aborting one (LEUTY and Bukovac, 1968a). Non-functinal endosperm might
be the reason why TyDeEmAN (1944) found more drop in certain apple crosses
than in others. This might also be true for the differences in June drop of Cox’s
Orange Pippin in 1969 (Tables 8 and 9) and 1970 (Table 10, Fig. 9), since in
1969 James Grieve pollen was used and in 1970 Benoni pollen. The differences
in amount of drop between a cultivar like Golden Delicious (Fig. 2) and Cox’s
Orange Pippin (Fig. 3) may also be due to differences in endosperm develop-
ment. It would be interesting to investigate this further. Since the endosperm
tissue is so important for the embryo, embryo abortion is a secondary phenome-
non, one¢ of several factors originating in abnormal endosperm development
(BrinK and CooPer, 1947). Varieties that drop easily should show more signs of
embryo abortion than varieties less inclined to drop. Indeed, in the heavily
dropping pear cultivar Doyenné du Comice much embryo abortion occurs
(JAUMIEN, 1968). In apple VON RAUSSENDORFE-BARGEN (1963) also found fewer
and smaller embryos in the seeds of dropped fruitlets than in remaining ones,
The importance of the endosperm in fruit retention may also be derived from
the fact that chemical thinning of certain peach cultivars is only achieved when
auxin or an ethylene-delivering compound like Ethrel (2-chloroethylphospho-
nic acid} is applied during the transition from the free nuclear to the cellular
stage of the endosperm (BucHANAN et al., 1970). From the work of CrANE and
NELsoN (1970) with apricot it is clear that embryo abortion does not necessarily
lead to fruit abscission. When all competition exerted by growing shoots is
eliminated by a spray with a growth retardant, no abscission occurs, Abscission
is delayed until regrowth occurs. If shoot growth induces fruit abscission, it
appeared to be progressively worse the higher the percentage of fruits with
aborted seeds. Therefore, in the normal compettive relations of a fruit tree
normal seeds are important for fruit retention, For apple this was shown to be
the case by ABBOTT (1959), who found that seeds are essential for fruit retention
up to the end of the June-drop period and that the stimulus from the seeds
could be replaced by synthetic auxin, Thus, seeds probably act via auxin in this
respect. The work of LUCKWILL (1948, 1949, 1953a, b) supports this view. He
found that when the embryo enters a phase of rapid growth at the expense of
the endosperm, the auxin level decreases and the June drop begins. When the
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embryo has reached its ultimate size, the auxin level rises again and June drop
ends. Hence, June drop is caused by the periodicity in auxin content of the
seeds. It seems logical to conclude that in periods with a decreasing auxin level,
fruits with few seeds have a greater chance to drop than those with many seeds.
Total hormone content will be lower in the former case.

It is also understandable that induction of seed abortion will cause extra fruit
drop. Chemical thinning of apples with auxins shortly after flowering has such
an effect (MURNEEK and TEUBNER, 1953; NiTscH, 1953; HarTMAN and How-
LETT, 1962). Other authors believe, however, that induction of seed abortion by
auxins or other chemical thinners and extra fruit drop are independent pheno-
mena (WILLIAMS and BATIER, 1964; BATIER, 1965; CrOWE, 1965; TESKEY and
Kung, 1967). They think that interference with the endogenous hormone
metabolism or transport in the fruit causes fruit abscission. Seed abortion,
namely, does not always occur when extra fruit drop is achieved. In peach,
where NAA causes fruit abscission, no embryo nor endosperm degeneration
due to NAA is observed, although this degeneration is the cause of natural
abscission (LEUTY and Bukovac, 1968a). Still, sced metabolism, including
hormone synthesis, may have been modified by the auxin application, leading
in turn to fruit abscission (LEUTY and BUKoOvAc, 1968b).

In the present experiments Cox's Orane Pippin fruits contained many more
aborted seeds than did Golden Delicious fruits (Table 5), which may be one of
the reasons for their divergent June-drop behaviour (Figs. 2 and 3). The differ-
ences in amount of June drop after application of the various regulators to the
fruitiets could not, however, be related 1o differences in seed abortion. Tables 9
and [6 show that a decrease and an increase in June drop can both be accompa-
nied by an increase in seed abortion (compare for example the effect of GA, , 4
concentrations = 300 ppm with BA concentrations >» 100 ppm). It is remark-
able that so many growth-regulator treatments caused seed abortion (Tables 13
to 16). Apparently application of the compounds involved readily disturbed
early seed development. It is also remarkable that when a regulator favours
seed development, as in the case of GA, , ; in some of the present trials (Tables
17 and 18), June drop is diminished (Figs. 8 and 9). It is inexplicable that in
1969, GA, ,, induced seed abortion (Table 16), at least in concentrations «
300 ppm, whereas in 1970 all concentrations favoured seed development (Tables
17 and 18). The latter effect might have been caused by the fact that in 1970,
under the conditions of temporary drought, the leaves and fruits competed for
water, leading to increased seed abortion. GA, , ; application may have lessened
this competition for water by enabling the fruitlets to become a more active
sink for water, possibly by enhancing starch hydrolysis — a gibberellin effect
according to vAN OVERBEEK (1966) — which increases the osmotic value of the
fruit. As a result the fruits would have suffered less from the competition for
water, and more seeds could maintain their development normally. The gibbe-
rellin effect is then indirect .

Rele of hormones. In the present trials, both gibberellins and auxins
were able to diminish June drop. Among the gibberellins, GA,4, was far
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more active than GA, (Table 9). GA, was also found to decrease June drop in
apple by Srivastava and AGARWAL ([966) and GrocHOWSKA (1968). VArRGa
(1969), however, found GA, to increase June drop in apple when used in a low
concentration (25 ppm). Such a treatment (30 ppm) also increased June drop in
some of the present experiments (Tables 8 and 11). For GA, ,, this drop re-
ducing effect has been, as far as known, not reported previously. VARGA (1969),
namely, obtained no reduction after use of 25 ppmand other reports are lacking.
The marked effect of GA, . 5 on June drop, especially when applied to the fruit-
Tets (Fig.9), might be explained by assuming that the applied gibberellins replen-
ish the amount of ¢endogenous GA, , , occurring naturally in the seeds. These
endogenous gibberellins first appear four to five weeks after flowering, when the
embryo is full grown (LuckwiLL et al., 1969; LuckwiLL, 1970). Because the
applied GA,,, was already active after application 20 to 30 days after full
bloom, it must apparently be supplied well before or at the same time as its first
natural occurrence. In plum, JacksoN (1968) also found GA,,, effective in
reducing drop of non-pollinated and hence non-fertilized ovaries. He stated
that the gibberellin produced by the nucellus, which is formed irrespective of
fertilization, is responsible for ovarian growth during and immediately after
flowering, and the supplied gibberellin partially replaces the effect normally
exerted by the gibberellin formed in the endosperm and embryo of fertilized
fruits. Fruit growth then proceeds and abscission is prevented. With respect to
the effect of gibberellins on fruit drop, it might be that the applied gibberellin
plus the endogenous auxin sustain the movement of growth factors to the fruit,
the endogenous auxin level quite possibly also being raised by the gibberellin
application. This would lead to an extra growth stimulus, because both growth-
promoting hormones occur in higher concentrations than normal. Fruit size
would therefore be positively affected, as will be discussed below (p. 52). The
increased auxin level might then be responsible for the reduced fruit abscission,
since gibberellins are not active in inhibiting abscission processes, at least not in
leaf abscission (BOTTCHER, 1970a). For cotton, VAN OVERBEEK (1961) mentioned
that young fruits could also be prevenied from dropping after use of gibberellin,
whereas auxin promoted drop. He therefore thought that in apple the anti-drop
hormone, called auxin by LuckwiLL (1957b), might also be a gibberellin. He
argued that when June drop is brought about by a drop in this gibberellin, it
becomes clear why auxin-induced fruit thinning can occur, because gibberellin-
controlled processes are antagonized by auxin. If this hypothesis is true, it
could explain the effect of GA, ,y on June drop in the present trials. Thus, there
are two explanations for the activity of gibberellins in reducing fruit drop. The
first of these — gibberellin diminishing fruit drop via an increased auxin level ~
appears more probable, since it allows for the well-known abscission retarding
effect of auxin.

As for auxins, the effect on fruit drop is a complex one: auxin sometimes
reduces drop and sometimes enhances it (see, for example Tables 7, 8, 9, and 11).
This has been explained by supposing that auxin supplied at certain stages
causes seed abortion, which in turn leads to more fruit abscission. At the same
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time, however, auxin retards abscission processes. What will happen depends
on the degree of both effects (MURNEEK and TEUBNER, 1953). Therefore, an
auxin application can also temporarily reduce drop but later on enhance it
(STRUCKMEYER and RoBERTS, 1950; HARTMAN and HowLETT, 1962). In the
apple cultivar Delicious, early NAA applications cause seed abortion, but the
fruitlets arrested in growth remain attached to the tree (HOFFMANN et al., 1955).
Here, apparently, the effect on abscission dominates.

Time of application and concentration of auxin are also clearly involved.
Late applications do not thin, for example, 35 days after petal fall (HARTMAN
and HOwLET, 1962), probably because they can no longer disturb seed develop-
ment. In the present trials auxins even reduced drop when used 30 days or more
after full bloom (Tables 8 and 11; Figs. 6 and 10). Here, the auxin apparently
only prevented abscission. Still later applications such as are used against pre-
harvest drop, also work only against abscission. Tables 7 and 9 show that con-
centration may be involved. Low concentrations can increase June drop, high
concentrations can decrease it when applied on the same dates. With high con-
centrations the effect on abscission apparently dominates. That low auxin con-
centrations applied at certain stages can increase fruit drop, may be due, apart
from an abortive action on the seeds, to enhanced ethylene production by the
fruit (MAXie and CRrANE, 1967; BUCHANAN et al., 1970}, the ethylene acceler-
ating the: abscission. With high concentrations of auxin, ethylene production
would also be increased, but the greater amount of auxin can better counteract
the abscission-accelerating effect of ethylene (see also Section 4.5, p. 56).

The role of other hormones in fruit retention is obscure. OHKUMA et al.
{1963) found that maximum quantities of abscisic acid occur in young cotton
fruits about to drop. Since abscission is induced by ABA in many plant species
{SmiTh et al., 1968), this hormone could well be involved in fruit abscission,
although the data of RubnNicx: and PiENIAZEX (1970) do not suggest that its
role in apple June drop is important. BOTTCHER (1970b) postulated that in leaf
abscission the increase in ABA output in the senescent leaves and the decrease
in auxin content induce leaf abscission. ABA might be active via an increase in
ethylene production (ScoTT and LeoroLp, 1966; CRACKER and ABELES, 1969) or
by raising the sensitivity to ethylene (LEw1s et al., 1968). Besides acceleration of
ethylene production CRACKER and ABELEs (1969} mentioned an increase in cel-
lulase activity and this enzyme is important in abscission (ABELES, 1969). In the
present trials ABA was ineffective with respect to June drop (Table 9), perhaps
because the hormone is easily inactivated in certain tissues (SMITH et al., 1968),

Cytokinins may also be involved in fruit drop, because they counteract
degradation processes by preventing the formation of degradative enzymes
(ABELES et al., 1968) and by maintaining gradients for nutrients. Rather unex-
pectedly, therefore, BA promoted Yune drop in several treatments (Table 7:
> 30 ppm; Table 8: applied 21 days after full bloom; Table 9: > 100 ppm;
Table 11 applied 11, 21, or 30 days after full bloom). Other cytokinin treatments
either did not show any effect or slightly decreased June drop. The only ex-
planation that can be offered for the promotive effect of BA is that it counter-
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acted the effect of other hormones necessary for fruit retention.

Combination of auxins with either GA;, BA, or both, did not give consistent
results. According to Fig. 6, NAA alone gave the best reduction in June drop,
whereas according to Fig. 10 the triple combination with GA; and BA was
most successful. It is difficult to explain these discrepancies. A decrease in auxin
effect might be the result of counteraction of auxin by GA; and BA. An increase
in the auxin effect could be due to a situation in the fruit such that auxin is not
the only limiting factor for retention.

Competition. It is known that mobile elements are drawn back into the
tree from the fruitlets predestined to drop (QuUINLAN, 1969). When elements
leave the fruit, this can no longer be considered a metabolic sink, In all likeli-
hood, this inability to serve as a sink must be ascribed to an inadequate hor-
mone content. It will be clear that the availability of nutrients required for
growth will have a strong influence on fruits that are weak sinks or not sinks at
all. This nutrient availability is determined by the sink-source relations within
the tree. Competing bourse shoots were found to increase June drop in apple
{ABBOTT, 1960, 1965). In the present trials, however, the opposite effect occurred
{Table 3). Possibly, when shoot growth is moderate, as in the present experi-
ments, shoots may even contribute to fruit growth by drawing more nutrients
to the spur where both fruit and shoot are situated. Indeed, when the shoots
were vigourous, they tended to increase drop in the present trials too (p.14).
That bourse shoots are more harmful for fruit set than for later fruit retention,
may be explained by the fact that during fruit set shoots consist mainly of
demanding young leaves, whereas later on mature exporting leaves are present
as well.

That shoots and fruits compete can be deduced from the increase in shoot
growth after deblossoming or defruiting (MAGGs, 1963; QUINLAN, 1969). Con-
versely, a heavy crop leads to a weak shoot growth (HANSEN, 1967a), notwith-
standing the fact that the leaves show greater photosynthetic activity when
fruits are present (MAGGs, 1963; HanseN, 1967a). The finding that growth
retardants sometimes decrease June drop in apple and pear (VARGA, 1969), can
also be considered an indication of the competition between shoots and fruits,

Not only shoot-fruit but also inter-fruit competition is invoived in June drop.
More June drop can be expected after a heavy fruit set than after a light set or
after early thinning (HeiniCcke, 1917; HowLETT, 1931). Table 3 shows that after
a varying degree of first drop, an equally heavy June drop may still occur.
Thinning of the flowers to one per cluster may have changed the competitive
relationship here, leaving June drop only dependent on other factors. The
existence of inter-fruit competition is also reflected in the greater fruit size due
to more and larger cells with a decreasing number of fruits per tree (DENNE,
1961).

Of course, vegetative growth is not only competitive, but also contributive
for fruit growth, because leaves form the necessary assimilates (MAGNESs et al.,
1931). Indeed, on the average fruits on spurs with a long shoot were slightly
greater at harvest than those of spurs with a short shoot (p. 18). After premature
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leaf drop (ROBERTS, 1946) or early removal of spur leaves {(LLEWELYN, 1968),
more June drop occurs, which is in accordance with a contributive effect of
the leaves. The same holds for the data of MURNEEK and SCHOWENGERDT
(1936), showing good correlation between fruit weight and the weight of spur
leaves. In the present trials, June drop occurred first on the spurs with the
fewest Jeaves (Table 2), certainly due to shortage of assimilates. Therefore,
increasing this level of assimilates, by bark ringing, decreases June drop
(Dennis and EDGERTON, 1966).

Conclusion, It may be concluded that many factors are involved in June
drop, i.e. the number and ’quality’ of seeds, the level and periodicity of their
hormones, and the competitive relations between the various growing organs.
HEINICKE (1917) summarized the situation when he stated that both the number
of seeds and the position of the fruit on the tree, determine the chance on June
drop. Theoretically a fruit without sceds favourably positioned, may survive
June drop and another fruit with many seeds in an unfavourable situation may
still abscise. The promising ability of GA,,, to reduce June drop may be
regarded as artificially raising the competitive power of the fruit, exerted by
the seeds, via supplementing hormones normally produced by the seeds during
a certain developmental stage.

4.3, FRUIT GROWTH

The seeds play not only 2 hormonal role in fruit retention but also in fruit
growth.

Fruit size and shape. Developing seeds determine the rate of early fruit
growth (TYDEMAN, 1944; MURNEEK, 1952; DENNE, 1963). Table 5 shows that
when there are great differences in seed content, Golden Delicious fruits differ
in size. When there are small differences in seed numbers, fruit size does not
vary markedly (Golden Delicious, Cox’s Orange Pippin).

Asymmetric fruits are caused by uneven seed distribution in the fruit, growth
being most pronounced on the side where the seeds are situated (HEINICKE,
1917), probably because the conducting vessels are less well developed on the
seedless side (Mc ALPINE, 1911}, This points to a shortage of endogenous hor-
mones, since the development of a good vascular system is under control of
hormones (N1TscH, 1970). Golden Delicious fruits were more asymmetric, the
fewer seeds they contained, Cox’s Orange Pippin fruits showed no differences in
symmetry, but here all fruits had equally few normal seeds (Table 5). KoBeL
(1954) stated that uneven seed distribution in the fruit does not always show up
in the fruit shape, perhaps because asymmetric fruits, with their locale ovule
abortion (Simons, 1965), preferentially drop during the June drop (HemickeE,
1917). Support for a relationship between presence of seeds and growth of
adiacent fruit tissue was also provided by Bukovac and NAKAGAWA’s (1968)
discovery that asymmetry in apple can be induced by local application of gibbe-
rellins A, -+ A, to the fruit. Both these gibberellins occur naturally in apple
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seeds, as already mentioned (DENNIS and NITSCH, 1966). The same gibberellins
promoted sced development in some of the present trials and also stimulated
fruit growth (Tables 17 and 18, Figs. 13 and 14). These are strong indications
that the seeds play a role in fruit growth via these gibberellins. The enhanced
growth after application of gibberellins A, + A, can be explained by assuming
that these hormones, together with an increased auxin level, cause the fruit to
become a more active metabolic sink. This assumption is strenthened by the
observation that GA,4 ., suppressed the occurrence of drought cracks in the
fruits (Tables 17 and 18). Apparently, the fruits supplied with extra GA4, 4
could better withstand the competition for water under dry conditions. This
effect is perhaps to be traced to an enhanced starch hydrolysis by the gibber-
ellins, thus increasing the osmotic value of the fruit {(vaNn OVERBEEK, 1966). In
addition, this enhanced conversion of starch into sugars also gives more sub-
strates for respiration, the process which delivers the energy necessary for
growth (NiTscH, 1953).

THomPsON (1969) stated that for strawberry the actual growth promotion
throughout the second developmental phase might be a function of the gibbe-
rellin component of the hormone complex, whereas the transport of the meta-
bolities to support the growth is dependent on the presence of auxin. In view of
the results obtained by SETH and WAREING {1967) with bean and by KoTos and
ScHWABE (1971) with apple, however, the latter activity can also be attributed
to a combined action of auxin plus gibberellin and/or cytokinin. A role of
cytokinin in increasing the import abilities of the fruit can be derived from
work of KriepeMANN (1968a). The fact that LuckwiLL (1957b) found no
’auxin no. 2’ in chat’ fruit apples, which do not grow beyond a certain small
size, and considerable ¢uantities in normal apples, points to the importance of
auxin, unless this auxin actually is a gibberellin, as vaN OvERBEEK (1961) sug-
gested. CraNE et al. (1961) made it plausible that in unfertilized and hence
under-developed peach fruits, the so-called ‘buttons’, gibberellins are the
missing hormones. GA-treated branches did not bear a singie button, whereas
these were abundantly present on untreated branches. GrocHOWsKA (1968)
also obtained promotion of fruit growth in apple after application of 1000 ppm
GA, in May, and inhibition of fruit growth with some auxin treatments, which
was also the case in some of the present trials (Table 16, Figs 11 and 12). LAvEE
(1960) found in grape berries that a GA, application can replace the effect of
seeds. The fewer seeds the greater the effect of GA; on fruit size, All these facts
suggest that gibberellin is the main promotor of fruit development, although it
is certainly not gibberellin alone that is involved.

In the present trials GA; was only promotive in a high concentration (1000
ppm), GA, , 7, however, promoted fruit growth in some cases in doses as low as
10 or 30 ppm (Tables 16, 17 and 18)). In other cases only high concentrations of
GA, .7 were active (> 300 ppm, Table 12). If the applied gibberellins take
effect by supplementing natural endogenous gibberellins, this difference between
GA, ., and GA; may be due to the greater natural role of the former in the
apple fruit.
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The negative effect of high auxin concentrations on fruit growth is difficult to
explain. High auxin concentrations appear to inhibit may plant growth pro-
cesses (LEOPOLD, 1964: p. 104-106), which has been ascribed to auxin-stimul-
ated ethylene production (GaLsTON and Davies, 1969), ethylene being the
actual growth inhibitor.

During the growth seasons of 1969 and 1970 it became apparent that GA,
and GA, ,, also affected fruit shape. In some experiments GA-treated fruits
were more elongated (Tables 12 and 16). This phenomenon, which was also
observed by VarGa (1966), WiLLIaMS and STAHLY (1969), NAKAGAWA et al.
(1969), and WeBsTER and CrOWE (1969), is not restricted to apple, since a
greater length-to-width ratio has also been found in grape (WEAVER et al.,
1966; SacHs and WEAVER, 196R), peach (CRANE et al., 1961) and pear (KEIPERT,
1970). The effects of gibberellins on fruit size and shape possibly are to be
attributed to the well-known promotive effect of these hormones on cell elon-
gation. The several reasons for this latter effect of gibberellins are discussed by
vaN OverBEeex (1966, p. 728).

Auxins, BA and ABA sometimes caused flattening of the fruits (Table 16).
For BA this is in agreement with work of LETHAM (1965), who obtained flat
Cox’s Orange Pippin fruits as well after use of zeatin, another cytokinin. In
Delicious, however, cytokinin induced a taller fruit (WiLLiams and STAHLY,
1969), hence varietal differences exist. The effect of ABA may be explained by
its general counteraction effect on gibberellins (WAREING et al., 1969), and the
same might be true for auxin.

The effect of external conditions on fruit shape is perhaps also caused by an
effect on hormone metabolism. Apple fruits are more elongated when temper-
atures are low daring the carly developmental period and flattened when higher
temperatures prevail (RoeMmeRr, 1966; WiLLIAMS and STAHLY, 1969). A light
crop and a vigourous roatstock also lead to a more elongated fruit shape
(WesTwooD and BLANEY, 1969), and top fruits are more elongated than lateral
ones (DENNE, 1963). All this might be explainable in terms of gibberellins, for
example by assuming that these hormones enter the fruit more abundantly
under low temperatures and vigourous growth and further the top fruits more
easily than lateral fruits, thanks to the better vascular connections of the former.
The gibberellins might have their origin in the roots (Jones and LAcey, 1968),
although the occurrence of gibberellins in the xylem sap coming from apple
roots is disputed {LuckwiLL and WHYTE, 1968). It is also possible that the gib-
berellins involved come from the shoots. It is not likely that the gibberellins
determining fruit length are seed-borne, since Table 5 shows that fruits with
few seeds were more elongated than those with more seeds. This is in accordance
with measurements of WESTPHAL-STEVELS (1970). RoBerTs (1946), however,
observed that seedless Wealthy apples flatter than seeded ones. Therefore, it is
difficult to decide for the origin of the gibberellins determining fruit length. The
data from RoeerTs plead for seed-borne gibberellins, the data in Table 5
suggest that gibberellin enters the fruit from elsewhere, which led to the assump-
tion that in the latter case the fruits with few seeds were more dependent on
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imported gibberellin for growth than were fruits with many seeds.

Flower bud formation. Another factor which makes it likely that glbbe-
rellin is normally an important hormone in apple fruit development, is the
detrimental influence of the seeds on flower-bud formation (CHAN and CaIN,
1967). This effect is in all probability caused by the gibberellins coming from
the seeds (LuckwiLL, 1970). When in the present trials extra GA,,, was
brought onto the fruits, this treatment gave a further reduction of flower-bud
formation (Tables 17 and 18), which is in agreement with LUCKWILL’S hypo-
thesis. The effect of the fruits on flower-bud formation was not very marked in
the present trials, probably because only one fruit per cluster was allowed and
the seed content was not high due to the limited pollination of only two stigmas
per flower. GROCHOWSKA (1968) too found an inhibiting action of GA; on
flower-bud formation, but only with 1000 ppm and not with 500 ppm. Appa-
rently, GA,,, is also more active in this respect, because even 100 ppm
exerts an effect. This argues that GA, .5 and not GA; is normally involved in
the suppression of the flower-bud formation by apple seeds. The promising
effect on yield of two sprayings of 30 ppm GA, , ; (Table 12) and the fact that
these low concentrations do not (Table 8) affect flower-bud formation, orto a
limited extent only (Table 12) mean that such applications may be used without
any danger and may become of practical value, at least if the favourable effects
prove to be consistent in future experiments.

Conclusion. Fruit size and shape are determined to a large extent by hor-
mones in all likelihood principally orginating in the seeds. The data on fruit
shape, however, indicate that hormones formed elsewhere and transported into
the fruit may be involved in fruit development as well. Applications of the gib-
berellins A, and A, — naturally occurring during certain stages of seed develop-
ment - appear to be effective in promoting fruit growth. These hormones also
induce a more elongated fruit shape. The two gibberellins mentioned are in all
probability alse responsible for the well-known reduction in flower-bud forma-
tion exerted by the fruits.

4.4, PRE-HARVEST DROP

Pre-harvest drop was not important in the present trials {Tables 6-9). In
cases where fruit drop was pronounced after the actual June drop (Tables 10
and 11), this was not due solely to a real pre-harvest drop but also to a more or
less gradual fruit drop from the end of the June drop onward (Figs. 8 and 9).
Only in one case was a chemically reduced June drop followed by marked late
drop, i.e. after treatment with 30 ppm GA; + 30 ppm NAA 4 10 ppm BA, 30
days after full bloom (Table 11). Most often, however, there was no compensa-
tory late drop. Some treatments, for example with GA, .4, not only reduced
June drop but this late drop as well (Table 11, last two columns, Figs. 8 and 9).

Role of hormones. Pre-harvest is ascribed to both a reduced auxin level in
the fruit and an increased ethylene production by the fruit (Chapter 1). The
pre-harvest drop reduction attained with various auxins {(MURNEEK, 1950;

Meded. Landbouwhogeschool Wageningen 71-17 (1971) 55



BATIER et al., 1954; HAaTTON, 1955) may be regarded as dipping the auxine-
ethylene balance (section 4.5.) to the auxin side, i.e. the side of abscission pre-
vention. Possibly auxin also limits ethylene production of apple fruits {(ABELES
and RUBINSTEIN, 1964), although auxin sprays generally appear to increase
ethylene production (MaxIEand CRANE, 1967; HALLAWAY and OSBORNE, 1969).
Cooprer et al. (1968) put forward the following hypothesis: auxins promote the
enzymatically regulated ethylene formation and at the same time retard abscis-
sion through their effect on the cells of the abscission layer. The latter rapid
effect initially masks any abscission-promoting ¢ffect of the ethylene. Therefore,
it is possible that in apple, pear, and citrus fruit drop can be checked with
synthetic auxin sprays, whereas the extra ethylene production is expressed in the
accelerated fruit coloration. That ethylene indeed accelerates fruit abscission is
proved by the results of applications of 2-chloroethanephosphonic acid
(Ethrel) an ethylene-delivering compound (Buxovac et al., 1969; EDGERTON
and Hatch, 1969; SCHUMACHER, 1969; WERTHEIM, 1970). Ethrel can even in-
duce formation of complete abscission layers in places where these normally do
not occur, i.e. in the transition zone of pedicle and fruit of the sweet cherry
{Stosser, 1970b). Combined sprays of Ethrel and auxin admit the promotive
effect on ripening, but the stimulation in abscission is suppressed to a large
extent (EDGERTON and BLANPIED, 1968, 1970). All this goes far to prove that
abscission is regulated by an auxin-ethylene balance,

4.5, COMPARISON OF FRUIT AND LEAF ABSCISSION

Fruit abscission. In considering the abscission phenomenon, BarLow
(1953) may have been right when he stated that cells able to separate always
tend to do so, enforced by het ever present ethylene, which stimulates the for-
mation of the enzymes necessary for the separation processes. This tendency,
however, is countered by a continuous stream of auxin from the distal organ.
When the auxin level, for whatever reason, drops below a critical level, abscis-
sion occurs. Therefore it must be an auxin-ethylene balance that determines
whether abscission is going to occur.,

Ethylene can indeed induce fruit abscission in apple at quite different devel-
opmental stages, e.g. such as shortly after fertilization (EDGERTON and GREEN-
GALGH, 1969) and shortly before picking (Section 4.4.). Combined treatments of
ethylene-delivering compounds and auxins do indeed give much less or no abs-
cission (Section 4.4.), This was also found in grape, where ethylene has a thin-
ning effect in the fruit set stage but not after an auxin treatment has been given
(WEAVER and PooL, 1969). Fruit abscission would then not only be set in motion
by a drop in the auxin level in the fruit but also by enhanced ethylene produc-
tion. It is known that in parallel with the respiration climacterium, more ethy-
lene is produced (RHODES et al., 1970), so that this, together with a low auxin
level in mature fruits, may cause fruit drop. In early fruit drop the same may
be true, but exact data about ethylene production in these stages are not avail-
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able. PoLLARD and BiGGs (1970) found that in citrus species an increase in
cellulase activity is associated with both natural and chemically accelerated
abscission, and that cthylene shortened the time, required for attaintment of
measurable increases in cellulase activity prior to separation. Ethylene also
shortened the time between the onset of detectable increases in cellulase acti-
vity and attaintment of high celiulase activity. When cellulase activity is inhi-
bited (by cycloheximide), abscission is also inhibited. Similary, acceleration of
citrus fruit abscission by aquous solutions of CuCl, and FeCl; is accompanied
by promotion of ethylene production, whereas these ions also seem to inactivate
auxin, The abscission acceleration can therefore be attributed to enhancement
of ethylene production or direct auxin inactivation, or both (BEN-YEHOSHUA
and BiGas, 1970). It is also known that enhancement of ethylene formation
itself can reduce auxin levels (Burg, 1968). Consequently it is highly probably
that ethylene and auxin determine whether or not abscission of fruits occurs, as
suggested by BarLow (1953).

Leaf abscission. For leaf abscission a similar course of events has been
proposed (ABELES et al., [968; AseLEs, 1968). Ethylene is thought to be respon-
sible for the formation of cell-wall degrading enzymes, such as cellulase (ABELES,
1969). The action of ethylene depends on the sensivity of the cells of the abscis-
sion layer to the gas. These cells are not sensitive to endogenous ethylene as
long as there is a supply from distal adjacent cells of ’juvenility factors’ or
‘aging retardants’, such as auxins and cytokinins. These aging retardants
repress the synthesis of catabolic enzymes as well as the sensitivity of the separa-
tion layer to the ethylene. When these factors drop below a certain level, cata-
bolic enzymes are formed and the tissue becomes sensitive to ethylene, Cell-
separation enzymes are then formed. When the threshold between insensitivity
and sensitivity is crossed, every increase in ethylene causes an acceleration in
abscission. Both ethylene and auxin have a mutiplicity of effects, all of which
may be involved in abscission (ABELES, 1969). Ethylene, for example, may help
degrade enzymes necessary for maintaining the cel! walls and it can accelerate
auxin-inactivation. The latter causes a drop in the level of diffusible auxin,
which may alse be caused by an inhibition of auxin synthesis or transport
(Burg, 1968). Auxin, in its turn, besides retarding aging, may maintain mem-
brance integrity, through which the cells remain intact, and it prevents the
formation of a cell-division layer. JACKSON and QsBornNE (1970 stated that
large quantities of ethylene are produced shortly before leaf fall in tissues
adjacent to the separation zone. This is only the case in a particular stage of
senescence; which may be induced by abscisic acid {VEEN, 1970). The ethylene
sets in motion the biochemical sequential processes responsible for separation.
Therefore, ethylene must be the triggering substance in abscission (ABELES et al.,
1971).

Conclusion. The data concerning leaf drop and fruit drop are in agree-
ment. A drop inaging retardants (such as auxin) in flowers and fruits may occur,
either because such processes as pollination, fertilization, and normal seed
development remain in abeyance, or if they occur, a drop in auxin content may
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be caused by a varying amount of endosperm tissue. This may allow aging and
abscission processes to occur, because the continuously produced ethylene is no
longer counteracted. Gibberellins, which reduced fruit drop in the present ex-
periments, in all probability did so through their effect on auxin metabolism,
i.e. by raising the endogenous auxin level. Increased levels of both gibberellins
and auxin may cause an extra growth stimulus; the increased auxin level may
prevent the initiation of aging and absmss:on processes.

4.6. THE PRACTICAL ASPECTS OF GIBBERELLIN TREATMENTS
AGAINST JUNE DROP

The results with GA, . 5 applications to diminish June drop were promising.
With fairly low concentrations June drop was reduced and yield was increased,
phytotoxicity did not occur, fruit size was not reduced or promoted and flower-
bud formation was only negatively affected to a limited extent. Whether the
use of these gibberellin applications have any value for practical fruit growing,
will depend on the possibilities for predicting the amount of June drop and on
the cost of such applications. June drop reduction, is of course not always
necessary and before the amount of June drop can be predicted, more studies
will have to be done to determine whether correlations prove to exist between
the average seed content shortly after flowering and the amount of June drop.
If such correlations prove to exist, i.c. a low average seed content invariably
leads to a heavy drop of fruits and vice versa, and GA, .- sprays prove to give
consistent results in future experiments, application of GA, , ; could be recom-
mend when seed content is fow and fruit set light or moderate.
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SUMMARY

To study possibilities for increases of yield of the apple cultivar Cox’s Orange
Pippin, relevant information was gathered about fruit set and fruit drop, in
particular about June drop. The information concerned pollination intensity,
amount of fruit set, seed content of the fruit, number of leaves per spur, and the
influence of the bourse shoots. Several growth regulators were tested to see
whether these can reduce June drop.

The main conclusions drawn from the results of these observations are given
in Section 3.1.3. (p. 18). The growth regulators examined were NAA, NAAm,
GA,, GA, .4, BA and ABA. The experimental results are given in Section 3.2.3
{p. 40). The most interesting finding in the latter part of this work was the
promising ability of GA, . 5 to reduce June drop.

The factors underlying fruit set, fruit drop, and fruit growth and the possible
role of the applied regulators under study are discussed, whereby fruit drop was
related with leaf abscission.
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SAMENVATTING

De vruchtopbrengst van de appelcultivar Cox’s Orange Pippin kan teleur-
stellend zijn als gevolg van onvoldoende vruchtzetting, maar ook door een te
sterke vruchtval enkele weken na de bloei; de zogenaamde junirui. Om meer in-
zicht te krijgen in de vruchtzetting maar vooral in de junirui van deze voor
Nederland belangrijke cultivar, werden in de jaren 1968 tot en met 1970 ter-
zake waarnemingen verricht. Tevens werd nagegaan of de junirui op eenvou-
dige wijze is tegen te gaan met behulp van groeiregulatoren, Opbrengstverho-
ging bij Cox’s Orange Pippin - hetzij door ecn hogere vruchtzetting, hetzij door
een verminderde junirui - is te meer welkom omdat dit kan bijdragen tot ver-
mindering van de zogenaamde Cox’s ziekte en van kurkstip. Beide afwijkingen
treden namelijk vooral op bij geringe aantallen vruchten per boom.

De waarnemingen en behandelingen werden gedeeltelijk verricht aan indivi-
duele vruchten aan gemerkte kortloten — verkregen uit handbestoven of vrij
bestoven bloemen - en gedeeltelijk aan vruchten aan hele takken of bomen. De
voornaamste resultaten van de waarnemingen inzake de vruchtzetting en juni-
rui volgen eerst. Daarna worden de resultaten van de behandelingen met de
groeiregulatoren samengevat.

Bloemen waarvan alle stijlen in het ballonstadium werden weggeknipt, vielen
bijna allen kort na de bloei af, de resterende tijdens de junirui. Dit gold zowel
voor de cultivar Cox Orange Pippin als voor Golden Delicious, hetgeen wijst op
de noodzaak van bestuiving ter verkrijging van de vruchtzetting bij appel. Werd
slechts één met de hand bestoven stijl per bloem aangehouden, dan bleek de
vruchizetting zeer goed te zijn. De vruchtzetting van bloemen met één tot vijf
handbestoven stijlen per bloem was ongeveer gelijk met slechts een iets sterkere
nabloeival van bloemen met één of twee handbestoven stijlen. Vrije bestuiving
van normale bloemen had een geringere vruchtzetting tot gevolg dan wanneer
slechts één handbestoven stijl per bloem werd gehandhaafd. Dit wijst op een
grote mate van ondoeltreffendheid bij de vrije bestuiving hetgeen hoogstwaar-
schijnlijk moet worden toegeschreven aan een onvoldoende stuifmeeloverdracht.

De mate van junirui van Cox’s Orange Pippin bleek per jaar zeer verschillend.
De invloed van bestuivingsintensiteit op de rui bleek het meest uitgesproken
bij vruchtjes ontstaan uit bloemen met één handbestoven stiji per bloem. Hand-
having van twee of meer handbestoven stijlen veroorzaakt een ongeveer even
sterke junirui, welke ook gelijk was aan de rui na vrije bestuiving.

Het bleek dat vruchtjes, die tijdens het eerste deel van de juniruiperiode afvie-
len, kleiner waren, minder zaden bevatten en afkomstig waren van kortloten
met minder bladeren dan later afvallende vruchtjes. In tegenstelling tot de na-
bloeival bleek de junirui iets minder sterk aan kortloten met scheutontwikkeling,
dit laatste uitgezonderd bij zeer lange beursscheuten, die de rui in de hand werk-
ten,

De grootste diameter van tijdens de rui afgevallen vruchtjes bedroeg ongeveer
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30 mm. De afgevallen vruchtjes waren gemiddeld kleiner dan de blijvende ge-
meten op hetzellde tijdstip, en bevatten gemiddeld ook minder zaden.

De grootte van geplukte vruchten was bij Golden Delicious het kleinst wan-
neer de vrucht ontstaan was uit een bloem met slechts één handbestoven stijl; na
handhaving van twee of meer stijlen per bloem was er geen onderscheid in
vruchtgrootte meer. Bij Cox’s Orange Pippin was er in het geheel geen verschil
in grootte van vruchten ontstaan uit bloemen met één tot vijf handbestoven stij-
len per bloem.

Bij een afnemend aantal stijlen per bloem was er bij Golden Delicious een af-
nemend aantal goed ontwikkelde zaden per vrucht, een steeds wat meer langere
vruchtvorm en een vaker voorkomen van asymmetrie in de vruchtvorm. Bij
Cox’s Orange Pippin echter was er geen verband tussen het aantal stijlen en de
hoeveelheid zaad of de symmetrie van de vruchtvorm. De vruchtlengte vertoon-
de echter globaal eenzelfde beeld ais bij Golden Delicious.

Er waren bij beide cultivars maar weinig vruchten met een zaadinhoud, die
aan de verwachting voldeed, dat wil zeggen dat het aantal bestoven stempels
geen zekerheid gaf omtrent het aantal gevormde zaden. Verwacht werd dat be-
stuiving van één stempel zaadvorming in één hokje zou veroorzaken. Dit was
echter niet het geval. Evenmin bleek dat slechts 2 zaden per hokje voorkwamen.
Hierdoor kwam het, dat méér zaden voorkwamen dan verwacht werd bij
Golden Delicious na handhaving van één tot drie stijlen, en bij Cox’s Orange
Pippin bij handhaving van één tot vier handbestoven stijlen. Werden meer
handbestoven stijien per bloem aangehouden dan was de zaadhoeveelheid per
vrucht juist ager dan verwacht kon worden. Opvallend was tensiotte dat
Golden Delicious vruchten weinig geaborteerde zaden bevatten, terwijl deze bij
Cox’s Orange Pippin veelvuldig voorkwamen, Mogelijk is dit de reden waarom
eerstgenoemde cultivar een veel geringere rui kent dan laatstgenoemde.

Wat betrelt de toetsing van groeiregulatoren op hun werking tegen de junirui
kan het volgende opgemerkt worden, Onderzocht werden de auxinen « — naftyl-
azijnzuur (NAA) en & — naftylaceetamide (NAAm); de gibberellinen gibberella-
zuur (GA,) en het gibberellinemengsel A, + A, (GA, ,,); de cytokinine ben-
zyladenine (BA) en tenslotte abscisinezuur (ABA). Deze regulatoren werden
daarom onderzocht, omdat zij, al of niet synthetische, vertegenwoordigers ziin
van groepen hormonen die van nature in de appelvrucht voorkomen. De regula-
toren werden in uiteenlopende doseringen op verschillende tijdstippen na de
bloei vaak ook gecombineerd getoetst op de cultivar Cox’s Orange Pippin. Van
alle gebruikte regulatoren bleken alleen NAA, NAAm en GA, ,; de rui doel-
treffend te kunnen tegengaan. NAA en NAAm deden dit na toepassing 30 tot 42
dagen na de volle bloei; GA, , ;20 tot 30 dagen na volle bloei. Bij het laatste
middel bleek eerstgenoemd tijdstip wat betere resuliaten te geven. De drie ge-
noemde regulatoren bleken al werkzaam in lage doseringen (30 dpm). He mid-
del GA, , , was het meesthelovend; na gebruik van 1000 dpm werd de junirui
bijna geheel onderdrukt. De werking van dit gibberelline-mengsel tegen de val
van gedeeltelijk ontwikkelde vruchtjes wordt toegeschreven aan het aanvullen
van de natuurlijke gibberellen A, en A, die in bepaalde stadia van de zaadont-

62 Meded. Landbouwhogeschool Wageningen 71-17 { 1971)



wikkeling in de zaden voorkomen. Dit aanvullen van natuurlijk voorkomende
gibberellinen zou indirekt ook de auxinehoeveelheid in de vrucht kunnen op-
voeren. Beide verhoogde niveaux aan groeibevorderende hormonen zouden de
vrucht dan tot een meer actief verbruikscentrum van allerlei groeifaktoren ma-
ken, beter bestand tegen concurrentie uitgeoefend door andere groeiende delen
van de boom, zoals scheuten. Inderdaad bleken met GA, , 5 behandelde vruch-
ten dan ook vaak groter te ziin. De verhoogde auxine-component van het hor-
monencomplex wordt verantwoordelijk geacht voor het tegenhouden van de
reeks processen die vruchtval tot gevolg hebben. Dit laatste dreigt altijd te ge-
beuren onder invloed van het altijd aanwezig gasvormige hormoon ethyleen.

Werden NAA of NAAm vroeg toegepast, namelijk 10 of 2t dagen na de volle
bloei dan trad een versterking van de junirui op na gebruik van lage concentra-
tie, maar juist een vermindering na gebruik van hoge doseringen (Z> 300 dpm),
Dit tweedledige effekt wordt toegeschreven aan het feit dat toediening van lage
concentraties van synthetische auxinen mogelijk via een opgewekte zaadabor-
tie en een verhoogde ethyleenproduktie vruchtrui in de hand werkt. Bij hoge
concentraties van dergelijke auxinen worden deze effekten echter overvlieugeld
door het bekende abscissievertragende effekt van auxinen. Combinaties van re-
gulatoren waren niet werkzamer dan de regulatoren alleen, met uitzondering
van één duidelijk geval, waarin de drievoudige combinatie; GA; + NAAm +
BA gebruikt werd 42 dagen na de volle bloei en waardoaor de rui meer werd be-
perkt dan na gebruik van de regulatoren apart of de tweevoudige combinaties.

Uit het onderzoek met GA,,, bleek verder dat toediening aan de vrucht
meer effekt had dan wanneer alleen het blad werd behandeld. Behandeling van
vrucht &n blad had evenveel resultaat als behandeling van de vruchten alleen.

Geen van de gebruikte verbindingen beinvloedde de tijd waarop de junirui
plaats had, alleen de mate van rui werd beinvioed. Extra vruchtval na een aan-
vankelijjk beperkte val trad slechts in één geval duidelijk op, namelijk na ge-
bruik van GA; + NAA 4 BA 30 dagen na de volle bloei op gehele takken.

Twee of drie bespuitingen met 30 dpm GA, , 5, vitgevoerd 20, 30 en/of 40
dagen na de volle bloei op gehele bomen, bieken de rui te beperken en wel even-
veel of meer als één bespuiting met concentraties van 100 tot 1000 dpm op 20
dagen na de volle bloci.

De vruchtgrootte werd behalve door GA,,; ook positief beinvloed door
hoge concentraties GA ; (1000 dpm) en BA (> 100 dpm). Een negaticve invloed
hadden NAAm en NAA, vooral na gebruik van > 100 dpm NAA op de vruch-
ten. ABA had geen effekt op de vruchtgrootte. Gezien het verschil in invloed op
de vruchtgrootte tussen de auxinen en GA, ,, is de laatste interessanter voor
gebruik tegen de rui.

De vruchtvorm werd door enkele behandelingen eveneens beinvloed. Een
meer afgeplatte vrucht werd verkregen na gebruik van NAA (> 300 dpm), BA
(= 100 dpm} en ABA (300 dpm). Een langere vruchtvorm was het gevolg van
toediening van GA, (1000 dpm) en GA, 47 (> 30 dpm in 1969, > 300 dpm in
1970).

De zaadontwikkeling werd door de meeste behandelingen negatief beinvioed
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en wel na gebruik tot 20 dagen na de volle bloei; uitgezonderd door 1000 dpm
GA, , -. Latere toepassingen waren in dit opzicht minder nadelig.

In geval van tijdelijke droogte bleken concentraties vanaf 10 dpm GA, ., de
zaadontwikkeling te stimuleren en het voorkomen van droogtescheuren in de
vrucht te voorkomen. Dit zijn sterke aanwijzingen dat deze gibberellinen de
vrucht inderdaad tot een krachtiger verbruikscentrum maken.

Schade aan het gewas werd in geen enkel geval waargenomen. De bloem-
knopvorming - alleen nagegaan voor GA, , ; — bleek nadelig beinvloed te wor-
den na gebruik van 30 dpm of hogere doseringen. Het gebruik van 30 dpm, één
maal of meerdere malen toegepast, bleek echter niet erg schadelijk. Duidelijke
vermindering van de bloemknopvorming trad op na gebruik van 1000 dpm
GAsir

De rol van de gebruikte regulatoren en van de van nature voorkomende hor-
monen bij de bloem- en vruchtval en bij de vruchtgroei werd besproken, als-
mede de concurrentieverschijnselen die zowel bij de vruchtzetting als bij de
junirui een rol spelen. De achtergronden van de bioem- en vruchtval werden in
verband gebracht met literatuurgegevens inzake bladval,

Alles overziende kan gesteld worden dat GA4 ., het meest veelbelovende
middel tegen de junirui bleek van de onderzochte regulatoren. GA, ., bleek
namelijk niet alleen de rui te beperken maar ook geen nadelige invioed te heb-
ben op de vruchtgrootte — wat bij auxinen vaak wel het geval kan zijn ~ soms
bleek GA, ., zelfs de vruchtgrootte te bevorderen. Bovendien bleek GA, .+
niet fytotoxisch — wat auxinen wel kunnen zijn - en ontstond pas bij hoge do-
seringen een sterk nadelige invloed op de bloemknopvorming. Het lijkt nuttig
dit middel op grotere schaal te toctsen, om na te gaan in hoeverre het hier ge-
vondene voldoende betrouwbaar is onder verschillende omstandigheden. Bjj
gebleken geschiktheid zouden enkele bespuitingen met een lage dosering (bii-
voorbeeld 30 dpm) 20 tot 30 dagen na de volle bloei voor de cultivar Cox’s
Orange Pippin aanbevolen kunnen worden, echter alléén in die gevallen waar,
bij een lichte tot matige vruchtzetting verwacht wordt, dat de vruchtdracht
door junirui nog verder zou worden verminderd. Nader onderzoek over de kan-
sen op junirui is gewenst.
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