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ABSTRACT

The effects of nitrogen application (Urea, 46% N), fruit thinning and ringing on flower
bud formation of “Golden Delicious” apple trees were studied in two independent ex-
periments in 1992 and 1993. In the first experiment, the effects of nitrogen application
and fruit thinning at levels of 0, 25, 50 and 75% on flower bud formation were studied in
full-bearing trees. In the second experiment, the effects of nitrogen application and ring-
ing on flower bud formation were studied in poor-bearing trees. The results showed that
full-bearing fertilized and unfertilized apple trees produced almost the same flower buds,
but the thinning treatments at levels of 50 and 75% produced higher flower bud forma-
tion as compared with controls ( P< 0. 0 1). For poor-bearing trees, both ringing and ap-
plication of nitrogen together or alone showed an increase in flower bud formation in the
following year compared to the controls (P<0.05).
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INTRODUCTION

Alternate bearing is a common phenome-
non to many fruit trees, with varying inten-
sity. But this phenomenon emerges at high
intensity in some apple cultivars especially
in ‘Golden Delicious’ (5). The vyield de-
creases dramatically in the subsequently
year as a result of this phenomenon which in
turn is caused by the lack of meristem dif-
ferentiation in the full-bearing year (5, 9).

Organogenesis and regular differentiation
of meristems depend on the genetic nature of
the cultivar, climatic conditions, carbohy-
drate reserves and the growth vigour of the
tree (12,14,17). Although nitrogen applica-
tion in spring is essential for tree growth, the
plant obtains the necessary nitrogen from the
nitrogen stores available in the roots and
woody limbs in the early growth stages.
Early nitrogen application recompenses for
the use of nitrogen reserves (8,10) and, con-
sequently, a balance needed for organogene-

sis is brought about between carbohydrate
reserves and nitrogen in the course of grad-
ual growth. One essential factor for organo-
genesis and bud-break completion is ampli-
fied and mature foliage, since the fruits are
consumers of photosynthetic materials, there
should exist enough foliage in the form of
mature leaves on trees for the satisfactory
growth of every fruit. Studies indicate that
25 to 42 mature leaves are needed for the
satisfactory nutrition of every apple fruit on
‘Golden Delicious’ trees under normal cli-
matic conditions (10). This amount of foli-
age per fruit is created via suitable vegeta-
tive growth and especially punctual nitrogen
application and also indirectly trough prun-
ing, thinning and reduction of the number of
fruits (6,17,22). Synthesis of chemicals out
of indigene hormones (GA) has a negative
effect on the following year's organogenesis
through seeds whereas the production of a
sensible amount of these chemicals together
with other hormones bears a positive impact
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on organogenesis and particularly on meris-
tem mitosis (2). The amount of hormonal
substances extracted from the seeds of culti-
vars with alternate bearing is 60% more than
the level of hormones extracted from the
seeds of constant-bearing cultivars, and this
high density acts definitively as an effective
inhibitor to organogenesis.

In apple trees, flower induction occurs 4 to
6 weeks after full bloom (4). This phenome-
non will be decreased when the amount of
gibberellin in the pre-June drop phase is
high. In cultivars susceptible to alternate
bearing, the conveyance of gibberellin
through growing seeds in the third and
fourth weeks following full bloom contracts
of the auxins and interrupts organogenesis,
leading finally to a decline in fruit produc-
tion (7). Maximum gibberellin production
has been observed 45 to 60 days after full
bloom (16,18,19). Therefore, high gibberel-
lin synthesis and its proinhibitive effects
caused by high bearing should be prevented.
The maintenance of the carbon/nitrogen
(C/N) relationship in the tree, early and
timely fruit thinning (3,11) and interventions
for the increase of carbohydrate reserves in
trees are all very effective in this respect
(20).

Trunk or branch girdling and different cuts
on trees are effective in adjusting of vegeta-
tive growth and increasing crop yield. Ring-
ing at the beginning stages of growth pre-
cipitates growth and increases flowering for
the next year (1). Despite its satisfactory
storage capability the prevailing cultivar in
Iran, the ‘Golden Delicious’ is very prone
to alternate bearing (13). The objective of
this work was to study nitrogen application
together with fruit thinning in full-bearing
trees and nitrogen application and ringing on
poor-bearing trees on this cultivar, in order
to reduce alternate bearing.

MATERIALS AND METHODS

Experiment 1: Nitrogen Application and
Fruit Thinning Effects on Flower Bud
Formation in Full- Bearing Trees.

32

The experiment was conducted in spring
1992 using split plot design in a randomized
complete block design with three replicates.
Nitrogen applications were considered as
main plots and thinning treatments as sub-
plots. A total of 24 trees used in this experi-
ment were 19 year-old ‘Golden Delicious’
trees, grafted on the seedling rootstock,
planted in alternate lines with ‘Red Deli-
cious’ trees. They were trained in an espalier
at a spacing of 2x5 m. in a sandy-loam soil
at the Research Orchard in Khalat Pooshan
Station, College of Agriculture, Tabriz Uni-

versity, Tabriz. (latitudes 46°17” E and lon-

gitude 38°5" N, altitude 1567 m., from 7 km.
E. North of Tabriz, Iran).

Urea-type Nitrogen (46% N) was added to
the soil, 70 cm. from the tree trunks in both
planting lines, on the basis of tree age (19
years-old), planting density (1000 trees / ha
with ‘Golden’and ‘Red Delicious’ cvs.) and
crop yield (50 tones in “On” year)of two
levels: 0 g. for control and 500 g. for every
treated tree (200 g. before bud-break , 200
g. after bud-break and 100 g. after setting).
Hand fruit thinning was completed 30 to 40
days after full bloom and consisted of four
levels of 0, 25, 50 and 75% of the total
fruits.

In 1993, at anthesis, the total number of
mixed buds on treated trees and controls
were counted and their number was deter-
mined by multiplying the number of mixed
buds number by 5 (average flowers in every
inflorescence). The data were analyzed and
examined by analysis of variance, using
MSTATC software and the means compared
using Duncan’s Multiple Range Test.

Experiment 2: Nitrogen Application and
Ringing Effects on Flower Buds Forma-
tion in Poor-Bearing Trees.

The experiment was conducted in 1992, in
a randomized complete block design with
three replicates in order to study the effects
of nitrogen application and ringing on or-
ganogenesis in the poor-bearing trees for
next year (1993). The twelve ‘Golden Deli-
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Table 1. Analysis of variance for nitrogen application and fruit thinning in full-bearing trees

organogenesis via espalier training.

Sources of variation df MS F
Fertilization 1 205.6761 2.2.8™
Replicate (Block) 2 2540.9028 28.32%
Error 1 2 90.0243
Fruit thinning 3 717.4972 10.79°
Fertilizing x fruit thinning 3 60.2409 0.90™
Error 2 12 66.7346

2 significant at 5% and 1% probability levels.

cious’ apple trees were 24 years-old and all
uniformly spaced (6x6 m.) and were pruned
using an open center method. They were
grown in sandy-loam soil at the Research
Orchard at Khalat-Pooshan Station, as de-
scribed in the first experiment.

Urea-type Nitrogen (46% N), was mixed
the soil, shaded by a crown of trees, on the
basis of tree age (24 years-old), planting
density (270 trees/ ha with ‘Golden’ and
‘Red Delicious’ cvs.) and crop yield (25
tones in “On” year) at two levels: 0 g. for
controls and 2500 g. for every treated tree
(1kg. before bud-break, 1 kg. after bud-
break and 500 g. after fruit setting). A two
mm. ringing of the main branches also was
performed uniformly in the trees. In 1993,
all the flower buds on the treated and control
trees were counted. Finally, data from the
number of flower bud formations in treated
and control trees were compared by analysis
of variance using MSTATC software and
the means compared using Duncan’s multi-
ple range test.

RESULTS

Experiment 1: Nitrogen Application and
Thinning Effects on Flower Buds Forma-
tion in Full-Bearing Trees.

There were no significant differences be-
tween fertilized and unfertilized full-bearing
trees (Table 1). Nevertheless the compari-
son of the means of flower bud formation of
thinned trees with that of the control indi-
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cated that thinning applications increased
flower formation in full-bearing trees (Table
1).

Higher thinning levels (50 and 75%)
showed to be significantly different in com-
parison with lower flower thinning (25%)
and the control (Table 2). The lowest num-
ber of flowers were produced by no thinning
or low thinning and no fertilization (control)
at full- bearing trees of 1992. The higher
flower bud formations were produced by
nitrogen application with thinning at 50 and
75% levels, and a statistically significant
increase in flowering was observed (Figure
1). These results may have benefits in con-
trolling alternate bearing.

Experiment 2: Nitrogen Application and
Ringing Effects on Flower Bud Formation
in Poor-Bearing Trees.

The mean of flower bud formation in 1993
as affected significantly by ringing and fer-
tilization in poor-bearing year (1992) is

Table 2. Comparison of mean of flower buds
formation by fruit thinning levels in espalier
trained full-bearing trees in 1993.

Fruit thinning Means flower buds formation

levels (%) (number)

75 54.07% a
50 49.11 a
25 32.15 b
Control 33.87 b

& Different letters show significant at 5% levels
probability, according to DMRT.
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Figure 1. Nitrogen application and fruit thining effects on flower bud formation. Col-
umns with similar letters are not significant at 5% level of probability (DMRT).

given in Tables 3 and 4. Both ringing and DISCUSSION
fertilization together or alone showed an
increase in flower bud formation in the fol-
lowing year as compared with the control
(Figure 2).

Results from the first experiment showed
that early fruit thinning at levels of 50 and
75% in full-bearing trees increased flower
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Number of flowers in open center trained trees, 1993

Treatment
Figure 2. Fertilizing, ringing and fertilizing + ringing effects on poor bearing-year
flower bud formation. Columns with similar letters are not significant at 5% level of
probability (DMRT).
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Table 3. Comparison of means of flower bud formation by different treatments in

poor-bearing trees in 1993.

Sources of variation df MS F
Block 3 1228.566 5.573%
Treatment (Fertilizing + Ringing) 3 2585.090 11.720°
Error 6 220.397 --

a:b gjgnificant at 5% and 1% probability levels.

Table 4. Analysis of variance for ringing and fertilizing in poor-bearing trees organo-

genesis in 1993.

Treatments Mean flower buds formation
(%) (number)
Ringing + Fertilizing 188.32% a
Ringing 167.20 a
Fertilizing 160.12 a
Control 118.29 b

2 Different letters show significant difference at 5% levels probability, to DMRT.

bud formation in the next year (P< 0.01).
Comparison of the number axillary mixed
buds formed in treated and control trees in
1992 with 1993, confirmed that flower bud
formation was affected by more than 20%,
by the earlier fruit thinning. Conseavently
the fruit thinning strategies were effective in
regulating alternate bearing with cultivar
‘Golden Delicious’, which tend to occur
every second year and are difficult to regu-
late.

No positive effects of fertilization on the
flower bud formation of full-bearing trees
occurred in the next year. It was not possible
to avoid alternate bearing by fertilization.
This findings confirm those found by others
(6,17, 22). However, fertilization is neces-
sary for following vegetative growth and
increase growing points and is therefore rec-
ommended. (6). On the other hand, thinning
at the end of June on apple trees in our ex-
periment reduced alternate bearing. The
early thinning always gave the best results in
terms of regularity of cropping yield and
marketable fruit (15,17, 20). Therefore, it is
highly recommended that flower and fruit
thinning help to avoid alternate bearing and
improved fruit quality (3).

It seems that the lack of nitrogen may
cause the inhibition of organogenesis in
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poor- bearing apple trees. It is possible that
the increase total nitrogen in tissues may
alter the C/N ratio which in turn increases
vegetative growth in poor-bearing apple
trees. In 1993, the capability of trees to pro-
duce higher flower bud formation caused
less alternate bearing. In fact, ringing and
fertilization caused more meristem differen-
tiation in the poor-bearing year (P< 0.05).
This supports the theories of Gosh, (12);
Heink, (14), and Rome and Ferre (21) while
the availability of nitrogen in plant tissues in
1993 as shown in our experiments could
change some important physiological con-
straints. These relationships imply that, in
general, the sink strength as mentioned by L.
C. Ho (15), and 1AA exported out of fruit
and shoot tips through an increase of vegeta-
tive growth as mentioned by Callegas and
Bangerth (4), also play a very important role
in organogenesis, tissue differentiation and
other phenomena that resulted in fruit pro-
duction in our experiment. On the other
hand, the sink strength of trees (shoots and
fruits) related to sink size which was in-
creased by nitrogen application and the sink
activity in height bearing trees, that in-
creased the transport of IAA, was involved
in flower initiation (4) of apple trees in
1992. In fact, nitrogen fertilization and ring-
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ing and even thinning treatment could effect
apoplastic unloading or hydrolysis of su-
crose or uptake of sugars, all of which in-
crease the tree activity (15). Finally, plant
growth substances play an important role in
these experiments and we look forward and
invite applied research in this regard.

REFERENCES

1. Bender, D. and Byers, E. 1981. Controlling
Apple Trees Growth with Girdles, Hort. Sci.
17(3), June 1982.

2. Bernier, G., Kinet, G. M., and Sachs, M. R.
1981. The Physiology of Flowering. Vols. |
and Il. CRC Press. INC.

3. Bertschinger, Stadler, L.W., Weibel, P. F.,
and Schumacher, R. 1998. New Methods of
Environmentally Safe Regulation of Flower
and Fruit Set and of Alternate Bearing of the
Apple Crop. Acta Hort. No. 466: 65-70: Il
Workshop on Pome Fruit.

4. Callejas, R., and Bangerth, F. 1998. Is Auxin
Export of Apple Fruit an Alternative Signal
for Inhibition of Flower Bud Induction. Acta
Hort. No0.463: 271-278: VII International
Symposium on Plant Bioregulation in Fruit
Production.

5. Davis, A. L. D. 1957. Flowering and Alter-
nate Bearing. J. Amer. Soc. Hort. Sci. 70:
545-556.

6. Dolega, E., and Link, H. 1998. Fruit Quality
in Relation to Fertigation of Apple Trees.
Acta Hort. No. 466: 109-114: 11 Workshop
on Pome Fruit.

7. Ebert, A. and Bangerth, F. 1981. Relation
Between the Concentration of Diffusible and
Extractable Gibbrellin-like Substance and
the Alternate- bearing in Apple. Scientia
Horticulturae. 15(1): 45-52.

8. Edgerton, L. J., and Urath, R.1982. Flower-
ing, Pollination, Fruit Set in Apple. Fruit Sci.
V1. 78-88.

9. Forshey, Y. C. G., and Elfving, D. C. 1976.
Fruit Numbers, Fruit Size and Yield Rela-
tionships in Mc Intosh Apple. J. Amer. Soc.
Hort. Sci. 102(4): 399-402.

36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Forshy, Y. C. G., and Elfving, D. C. 1988.
The Relationship Between Vegetative
Growth and Fruit in Apple Trees. New York
State Agriculture Experiment Station and
Horticultural Research Institute of Ontario-
simco, Ontario Canada, N. Y. N.

Gautier, M. 1984. L’eclaiecissage du pom-
mier. Arbor. Fruit. 362: 33-41.

Gosh, P. 1973. Internal Structure and Photo-
synthetic Activity of Different Leaves of
Apple. J. Amer. Soc. Hort. Sci. 48: 1-9.
Grigorian, V. 1995. Yield Study of Two Ap-
ple Cultivars, ‘Red Delicious’ and ‘Golden
Delicious’, in Semi- intensive Planting. Agri.
Sci.Vol. 5 (1-2): 19-29 (In Persian).

Heink. W. K. 1981. Results of 3 Years Ex-
periment on Breaking Biennial Bearing with
Regulators in the Apple Cultivar Melrose.
Hort. Abst. 57(11).

Ho, L. C. 1992. Fruit Growth and Sink
Strength: "Fruit and Seed Production. As-
pects of Development, Environmental Physi-
ology and Ecology". (Eds.) C. Marshal and J.
Groce, England. pp. 101-117.

Hoad, G. V., and Ramiraz, H. 1980. The
Role of Gibbrellin Synthesized in Seed in the
Control of Flowering in Apple. Turrialba.
30(3): 284-288.

Link, H. 1998. Effects of Thinning in a Long
-term Trial with Six Apple Cultivars on
Yield and Fruit Size. Acta Hort. No. 466: 59-
64 11 Workshop on Pome Fruit.

Lukwill. L. C. 1970. The Control of Growth
and Fruitfulness of Apple Trees. Academic
Press. New York. pp. 237 - 254.

Marino, F. and Green, D. W. 1978. Invol-
ment of Gibberellin in the Biennial Bearing
of Early Mc Intosh Apple. J. Amer. Soc.
Hort. Sci. 106(5): 593-596.

Post, J. J. and Stam, Jc. 1983. Research on
Biennial Bearing at Experimental Garden in
Wer Khova. Fruitteelet. 73(12): 281-282.
Rom, R. and Ferree, P. 1986. Influence of
Fruit on Leaf Photosynthesis and Transpira-
tion of Golden Delicious Apple. Hort. Sci.
21: 1022- 1026.

Weber, H. J. 1998. Fruit Thinning of cv.
Elstar. Acta Hort. No. 466: 143-148. Il
Workshop on Pome Fruit.


https://dorl.net/dor/20.1001.1.16807073.2003.5.1.8.5
https://jast.modares.ac.ir/article-23-12213-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.16807073.2003.5.1.8.5 ]

Effective Methods for Reducing Alternate Bearing in Apple

pby ouw 3 ad by ogliS gals o sS40 slgdgy w)y
nw :‘“IJ (,ll/S nw

ool gt Lw o9 L2y eSsS L

]

oL el ) O3 aun LS ol 51 gled T gl o
00 U8 slaasl g JoShs yo SHy4add> g s g0 S (B
sldlw b o J8we Lwyss g5 o "pdody 8" ) oow
Jal UIHLAJT B .Cx_é_)j B 9_«’!—“’))‘ d)ygo YYVYYq YYV)
Ji5 5 20048 pdegs 23045 xhw g0 HO OJayu ol 45
Josis Ho 0 BYo o c0 <YYo ¢t ahw  Hlex )0 0440
Sl oS5 g goledT o o sl sy gUS, Lo JS sladsl g
=) A g ey 04 S ple g 20095 ahw g0 Ho (s
cd wy oy oo aS GLESE)0 Ho dS sl a0l s> JuSAS o
oo o gLy yo 4SS deo 0 lad Lagioloy T Lo
G 1) SleSy e U5 "Ly dS 20055 ple g 2304S
Iy eodu »ddS coguo iS5 SYo g 0t palhw lg 40,8
paS gLiFy0 Ho L ( P<00L) Loty i deld Lo dwslio o
Lo s pled Oogany 20 258 5 Siadle slajlass Lo
Lo dwoblio o 1y »udS guljdl axy Jlw gl Sleis
Wy o= oo ool o L (P <005 ) w08 wxse da Lo
R L S e L S R S | e
L bl 5y (Sodedenind gSlee S g 050

caby 8 8wy v 2l Hpl uSl

37

JAST


https://dorl.net/dor/20.1001.1.16807073.2003.5.1.8.5
https://jast.modares.ac.ir/article-23-12213-en.html

Grigorian and Bidarigh Sharemi

[ 52-70-1720Z Uo J1rJe'sarepow-isel woij papeojumo(q |

38

[G'8'T'5'€002°€202089T°T'TO0T 02 :HOA |


https://dorl.net/dor/20.1001.1.16807073.2003.5.1.8.5
https://jast.modares.ac.ir/article-23-12213-en.html
http://www.tcpdf.org

