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Induction of Lateral Branching in Nursery
Pear and Apple Trees with Plant Growth Regulators

T. Jacyna!

Abstract

The summer following budding the trees of
‘Honey Sweet’ and ‘Seckel’ pear on ‘OHF 97’
rootstock, and ‘Liberty’ and ‘Stayman Red’ apple
on ‘M.7A; were sprayed once or twice with
BA+GA4s or sprayed once with dikegulac.
Dikegulac caused severe phytotoxicity, reduced
tree height and induced narrow-angled feathers.
Both pear cultivars produced branches when
sprayed with BA+GA4 at 1500 ppm but only
the cv. ‘Hone%Sweet’ produced branches when
treated at 750 ppm of BA+GA4;. Single and
double BA+GA4 sprays significantly increased
total number of feathers with both apple but
double applications at 250 ppm were the most
effective.

Introduction

It is well documented that the use
of branched nursery trees greatly con-
tributes to early and high orchard
yields (5, 6, 12). Recently, Ferree and
Rhodus (5) have shown tor US condi-
tions that feathered ‘Lawspur’ and
‘Smoothee’ apple trees outperformed
unbranched trees in yields and eco-
nomic returns in the initial period of
orchard life. However, the lack of
natural branching with nursery apple
and pear trees has limited the wig -
spread adoption of feathered trees.

Physiologically, branching is regu-
lated by apical dominance, which is
thought to be controlled by the inter-
action of endogenous growth hor-
mones, with auxins and cytokinins
playing major roles (10). Species and
cultivars differ in their natural branch-
ing ability (3, 6, 13). Branching may
be influenced by rootstocks, propaga-
tion techniques, cultural practices, and
environmental factors (6, 11, 14).
However, the ultimate determinant of
cultivar branching ability is under
genetic control (8).

Several methods of inducing lateral
branching have been developed. These
include: the removal of apical leaves
(13, 14), pinching tree tops (14), head-
ing cuts and the use of branching
agents (3, 6, 8, 13, 14). All of these
techniques are based on partial or
total removal of apical dominance.
Application of chemicals, however, has
been shown to be one of the most
efficient ways of stimulating lateral-
branch formation. A combination of
synthetic cytokinin benzyladenine (BA)
and gibberellins (GA4+7) is the most
commonly used branching agent. It
has been suggested that both of these
components play sequential roles in
overcoming apical dominance, with
the initiation of buds stimulated by
BA, and then subsequent elongation
by GA4+7 (3). Another branching agent
is dikegulac, a morphactin, that inhibits
terminal bud growth and promotes
feathering of many plants, includin
fruit crops, through partial or tota
destruction of terminal buds (1, 2).

Our objective was to evaluate the
effectiveness of BA+GA4:7 and dikegu-
lac in stimulating lateral-branch forma-
tion with nursery pear and apple trees.

Materials and Methods

Two experiments, using pear (Ex-
Periment ) and apple (Experiment
I) trees in their first growing season
following budding, were conducted
at Stark Brothers Nursery and Orchards
Co. in Louisiana, Missouri. Proprietary
formulations of BA+GA4+s Q\bbott
Laboratories, N. Chicago, IL.) and
dikegulac (PBI/Gordon Corp., Kansas
City, MO) were used. The rates of the
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chemicals and timing of applications
were based on previous research (2, 3,
Jacyna—unpublished).

Experiment I. Pear trees of cvs
‘Honey Sweet’ and ‘Seckel’ on ‘OHF
97 rootstock were sprayed with BA+
GA4s7 at 750 or 1500 ppm, or dikegu-
lac at 1440 or 2880 ppm. At the time of
apqlication the trees did not have lat-
eral branches, and tree height was
approximately 110 cm. The sprays
were confined to the 35-45 cm tree
terminal. The chemicals were applied
on June 30, 1989 to run-off. The con-
trol trees were not treated.

Experiment II. Apple trees of cvs
‘Liberty’ and ‘Stayman Red’ on ‘M.7A’
rootstock were treated with BA+GA4+;
as a single spray at 250 or 500 ppm, or
double sprays at 15 days interval at
125 or 250 ppm on every occasion. At
the time of application the trees did
not have lateral branches, and the tree
height was approximately 85 cm. The
sprays were (firected to 25-35 cm of
the upper part of the tree, and applied
to run-off. Single sprays and the first
of double sprays started on June 20,
1990. The second sprays of double
application were pertormed on July 5,
1990. The control trees were not
treated. In both experiments a Delta
hand-held pressure sprayer was used,
and a non ionic wetting agent Buffer
X at 3000 ppm was used with each
BA+GAs+7 application. The trees in
both experiments were not pruned.

Upon harvest, tree height and the
num%er of lateral branches = < 30 and
> 30 ecm were recorded for all trees in
both experiments. In experiment II,
feathers shorter than 15 cm were not
counted. In addition, tree caliper mea-
sured at 5 cm above the bud union
was determined for all trees in the
experiment II. In both experiments the
trees with three or more?ateral shoots
were considered to be feathered and
their quantity was expressed as percent
of total tree number per treatment.

Experimental design. A complete
randomized block design with three
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trees per f)lot and 3 replications (Ex-
periment I) and a completely random-
ized design with three trees per plot
and 4 replications (Experiment II)
were used. The data from both experi-
ments were subjected to analysis of
variance. The data on percentage of
feathered trees were transformed by
sx = arcsiny/x to normalize the dis-
tribution before Anova.

Results

Experiment 1. Application of both
BA+GA4+; and dikegulac significantly
increased total number of feathers in
comparison with the controls of both
cultivars, except at the low rate of
BA+GA47 on ‘Seckel trees (Table 1).

Most of the feathers on treated
‘Honey Sweet’ pear trees were equal
or shorter than 30 cm, whereas most
feathers of treated ‘Seckel’ trees were
longer than 30 cm. For ‘Honey Sweet’
trees, there were no significant differ-
ences in total number of feathers
among both BA+GA . rates and dikeg-
ulac at 1440 ppm. Each of these treat-
ments, however, significantly differed
in total number of feathers from di-
kegulac at 2880 ppm. With ‘Seckel’
trees, there was no significant differ-
ence in total number of feathers be-
tween dikegulac rates but both BA+
GA 47 rates significantly differed from
each other.

Both cultivars showed similar re-
sponses to applied chemicals in tree
height. Dikeguf;c significantly reduced
tree height as compared with both
BA+GA47 rates and the control, amon
which there were no significant dif-
ferences in this respect (Table 1).

Crotch angles were not measured;
yet visual observation revealed that
dikegulac treated trees exhibited very
acute crotch angles that would have
made them unacceptable as an orchard
plant material (Figure 1 a-b).

Regardless of rate, dikegulac caused
a severe phytotoxicity that appeared
to be rate-dependent. Approximately
one week after application, such symp-



INDUCTION OF LATERAL BRANCHING IN NURSERY PEAR AND APPLE TREES 153

AR B A T T o i L

Figure 1. Branching pattern of -chemically
treated nursery pear trees (from left to right:

control, 750 ppm BA+GA..;, 1500 ppm"

BA+GA4+;, dikegulac 1440 ppm, dikegulac
2880 ppm;: a. Honey Sweet, ﬁ Seckel.

toms as death of the terminal bud, leaf
discoloration (chlorosis and pink color)
were evident. This was followed by
artial leaf necrosis and partial tree
eader dieback. Even after tree recov-
ery some foliage remained deformed.
No phytotoxicity symptoms were ob-
served on BA+GA4; treated trees.
Experiment II. Both ‘Liberty’ and
‘Stayman Red’ apple cultivars respond-
ed well to singﬁe and double sprays,
and applied rates of BA+GA4;. In
most instances this was shown by a

significant increase in the number of
feathers in both length categories and
total number of feathers, and by in-
creased proportion of feathered trees,
as compared with the controls (Table
2; Figure 2 a-b).

For both cultivars, the most efficient
treatment in increasing the number of
feathers, and consequently the quantity
of feathered trees was a double appli-
cation of BA+GA4; at 250 ppm. It
significantly outperformed all other
treatments in total number of feathers
produced. No significant differences
in tree height and caliper among the
treatments were found, though a dou-
ble spray at 250 ppm tended to pro-
duce taller and larger-caliper trees than
the other treatments (Table 2).

Discussion

The cultivars chosen for this study
were characterized by pronounced

Figure 2. Branchinf pattern of BA+GA,.;
treated nursery apple trees (from left to right:
control, 250 ppm, 125 ppm x 2, 500 ppm, 250
ppm x 2 ): a. ‘Stayman Red; b. ‘Liberty.
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Table 1. Vegetative growth characteristics of nursery pear trees as influenced

by growth regulators.

No. of feathers per tree

Ao rog 'l'l‘:llghl in length (cm) feathered
(ppm) (cm) =<30 >30 Total trees
‘Honey Sweet’

Control 152.7 03 0.0 0.34 11.8
BA+GA4+7 - 750 160.6 44 0.2 464 782
BA+GA4.+7 - 1500 157.3 47 03 5.00 782
Dikegulac - 1440 1425 16 25 414 82.8
Dikegulac - 2880 115.8 15 09 240 535
LSD p = .05 129 1.60 0.90 1.53 355
‘Seckel’

Control 1748 0.0 0.0 0.0 0.0
BA+GA4+7 - 750 170.2 0.0 0.0 0.0 0.0
BA+GA4+7 - 1500 1774 0.3 36 39 60.0
Dikegulac - 1440 1423 08 41 49 90.0
Dikegulac - 2880 131.8 1.8 33 5.1 90.0
LSD p = .05 12.2 0.75 1.35 1.15 234

apical dominance and poor or no
branching of untreated trees (Figure 1
a-b; 2 a-bg).

Although the trees were grown on
vigorous rootstocks and in a hot humid
climate [both of which have been
shown to improve branching in fruit
trees (6, 9, 11)] the untreated pear

trees produced no feathers, and the
untreated apples produced very few
feathers (Figure 1 a-b).

Applications of BA+GA4+ caused a
significant increase in quantity of in-
duced feathers with both the pear and
apple cultivars. The apple trees re-
sponded better, both quantitatively and

Table 2. Vegetative growth characteristics of nursery apple trees as influ-

enced by BA+GA,..

Final Final .
A hto’l;:lt e:l?poer e 1:"':?“33"1:“‘:; " foathored
(ppm) (cm) (cm) 15-30 > 30 Total trees
‘Liberty’
Control 178.4 1.40 03 1.3 1.6 17.0
250 174.8 1.51 23 4.0 6.3 100.0
125 x 2 1747 1.44 23 38 6.1 100.0
500 1715 1.38 46 33 7.9 100.0
250 x 2 182.9 1.56 5.0 55 105 100.0
LSD p = .05 ns. ns. 1.24 1.6 214 14.0
‘Stayman Red’
Control 134.8 143 0.0 1.1 11 9.0
250 141.6 1.43 1.1 1.9 3.0 67.0
125 x 2 142.7 1.48 08 1.6 24 420
500 130.3 1.42 05 20 25 45.0
250 x 2 147.3 1.59 26 39 6.5 92.0
LSD p = .05 ns. n.s. 08 1.05 1.65 20.0
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qualitatively to BA+GA4+; in produc-
ing feathering than the pear cultivars.
Pear trees usually require higher doses
of BA+GA.+; than apple trees (3). The
two pear cultivars showed diverse
branching responses with regard to
applied chemicals. It appears that the
cv. ‘Honey Sweet’ could also be re-
sponsive to lower rates of BA+GA4+;
than applied here. ‘Seckel’ trees, which
exhibit strong apical dominance
&I acyna—unpublished data) require a
ifferent approach to stimulate an ade-
quate lateral-branch formation. In this
experiment the quantity of feathers
inguced did not match the quality of
branching pattern represented by
length of feathers and magnitude of
crotch angle (Table 1, Figure 1 b).

Double sprays of BA+GA4:7 (3) or
the application of BA+GA4:7 combined
with tree leader tipping (7) might
have been other options in increasing
branching with the difficult-to-feather
pear trees. Volz et al. (13) reported
that simultaneous application of BA
and GA4:7 to nursery apple trees might
in some situations suppress feather’s
production. This seems to be rather
cultivar specific since in this experi-
ment BA+GA4.; increased feathering
in all instances except at the low rate
(750 ppm) on ‘Seckel pear trees (Table
1). Tﬁe results of this research parallel
earlier findings by Cody et al. (3) and
Elfving (4).

Application of dikegulac failed to
produce quality trees. Despite increas-
ing feathering, dikegulac caused severe
phytotoxicity that negatively influ-
enced tree quality. Its mode of action
favors formation of narrow-angled
branches near the point of chemical
decapitation (Figure 1 a-b). Similar
adverse effects were reported on peach
trees (1) but no detrimental effects
were observed on some ornamental
plants (2).

With the apple cultivars the improved
branching of the double application
compareg with the single application
using the same cumulative quantity of

BA+GA4s7 indicates that the method
of application (single or double} was
of a greater importance in stimulatin;
feathering than the total quantity o
BA+GA4:7 used. The reason for this is
not clear. However, one of the possi-
bilities might be that double applica-
tions at 250 ppm may provide better
hormone supply to the plant over a
relatively longer period of time than
single application at 500 ppm. It is
also possible that smaller ang gradual
exogenous hormone supplies are more
efficiently adsorbed, released and then
used by the plant, resulting in better
lateral-branch formation.

Considerable improvement of
branching pattern of treated apple
trees (Figure 2 a-b) contributed to
their better commercial acceptance
than untreated trees. Pear trees of both
cultivars produced by BA+GA4.; were
commercially acceptable while those
produced by dikegulac were not (Fig-
ure 1 a-b).
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Sources of Bacterial Spot Resistance in Plum Cultivars
O. M. MarTIns! AND M. C. B. RASEIRA!

Abstract

Bacterial spot (Xanthomonas campestris pv.
pruni) resistance in Japanese and European-
type plum cultivars was evaluated under green-
house conditions by means of a pressure infiltra-
tion inoculation procedure. Cultivars ‘Pluma 7’
(susceptible) and ‘The First’ (resistant) were
used as standards for comparison to the geno-
types inoculated with an inoculum concentra-
tion of 1 x 10® cfu/ml. Resistance levels were
rated using a scale based on percentage of
affected leaf area. Cultivars ‘Harry Pickstone;
‘Carmesin, ‘Wickson, ‘Frontier ‘Rosa Mineira,
‘Reubennel; ‘Amarelinha’ and ‘Santa Rosa’ were
highly susceptible while ‘Wade, ‘Ozark Premier’
and ‘l{lethley" were moderately resistant. ‘Bruce;
‘Stanley, ‘Burbank; ‘D’Agen’ and ‘America’ were
selected as major sources of resistance to the
pathogen.

Introduction

Most high quality commercial plum
cultivars %Pmnus salicina Lindl. and
P. domestica L.) are susceptible to
Xanthomonas campestris pv. pruni
(Smith) Dye in warm, humid, temper-
ate conditions in Southern Brazil. It is
estimated that there is less than 5000
ha of plums in the country. The num-
ber of plum orchards has decreased in
recent years due to this disease and
leaf scald. Most of the cultivated plums
are Japanese-type because generally,
they have a lower chilling requirement.

The European-type are acceptable in
colder regions for its desirable bloom-
ing time and higher degree of resist-
ance to bacterial spot. Bacterial leaf
and fruit spot, tree defoliation and
stem canker vary from year to year,
sometimes occurring in epidemic pro-
portions due to the frequency of rains
and favorable temperature. Chemical
control is costly and often ineffective,
and the use of disease resistant culti-
vars is the recommended approach to
disease control (8, 9, 11). Selection for
ﬁermplasm resistant to bacterial spot

as been considered an important part
of management programs in several
countries, for reducing the risk of loss
from this disease (3, 4, 7, 10, 11). The
purpose of this paper is to report the
resistance levels of commercial plum
cultivars in Brazil as determined by an
artificial inoculation procedure in the
greenhouse.

Materials and Methods

Eighteen plum cultivars budded on
each rootstock cv. ‘Capdeboscq’
Table 1) were grown in 30 x 30 x 2

cm plastic bags containing 3:1 (V/V)
mixture of sterilized soil and vermicu-
lite. The soil was poured weekly with

EMBRAPA/CPACT, Agriculture and Animal Research Center for Temperate Regions. Cx. Postal
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