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Abstract

The defoliants used on shrubs in the nursery were: ethephon, KJ, Mg(ClOy),
*6H0, CuSO4 - 5H30, (NH4)2SO4 in various concentrations separately or
as mixtures. Spraying was performed on September 26-28 1972 and 1973. The
most effective defoliant for Rosa cv. Lampion, Spiraea X bumalda cv. Froebelii,
Spiraea X wvanhouttei shrubs was KJ applied at a concentration of 0.2%
or used in mixture with ethephon or (NH4)sSOs in lesser concentrations.
Effective defoliation of many shrubs including Forsythia X intermedia
was obtained with Mg(ClOg)e used at a concentration of 0.24-0.48% or
CuSQ4 at concentration of 2%. But at the same time these defoliants
brought about comparatively the greatest retardation in shrubs development
and growth and, in the case of Forsythia X intermedia, reducted also
frost resistance.

INTRODUCTION

Many species of shrubs in moderate climatic conditions lose their
leaves very late in autumn. This creates problems for the digging and
selling of the plants. Chemical defoliants can be of aid in solving these
problems (Macdonald and Kempton 1968, Czarnoleski
and Ciesielski 1972; Jones et al 1974).

The experiments described in this paper were performed to find
the best defoliants and to determine the resulting frost resistance and
next year growth of certain species of ornamental shrubs in the clima-
tic conditions of central Poland. These experiments were conducted at
the same time as those previously published by Marczynski (1977).

MATERIALS AND METHODS

The following plants were used in the experiments: two-year-old
forsythia shrubs (Forsythia X intermedia Zab.); one-year-old rose grafts
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(Rosa cv. Lampion); and two and three-year-old meadowsweet shrubs
(Spiraea X bumalda Burv. cv. Froebelii and Spiraea X wvanhouttei Zab.
respectively). These plants were all grown at the ornamental nursery
in Umiastow near Warsaw and were ready for sale. The experiments
were performed twice. Once with shrubs sprayed September 26-28, 1972
and the second time with shrubs sprayed at the same dates in 1973.

Five defoliants were used in these experiments. They were: ethephon
(as Amchem 68 — 250), ammonium sulfate — (NH,),SO,;, magnesium
chlorate — used as technical preparation including 60%0 of Mg(ClOs)s -
- 6H,0 *; copper sulfate — CuSO, - 5H,0 **; and potassium iodide — KJ
The various concentrations used are shown in Table 1 and 2.

The methods of defoliant application, observation of their influence,
and measurement of shrub development and growth were the same as
those in the previous experiments with one exception: instead of count-
ing the rose buds in the spring, the number of blossoms in spring and
summer was counted.

The frost resistance of the forsythia shoots taken from the field expe-
riments was determined by tests of differences in electrical conductance
before and after cooling or freezing. The shoots of the plants sprayed
in autumn 1972, were cut on March 15, 1973. Those of the plants
sprayed in autumn of 1973 were cut twice — on December 17, 1973,
and February 28, 1974. The shoots were cooled at 0°C or frozen at
—26°C **. The method of measurement of frost resistance was the same
as in the previously described experiment (Marczynski 1977).

The results of these experiments were evaluated statistically using
an analysis of variance and Duncan’s test for the significance of diffe-
rences at P=0.05.

OBSERVATION AND RESULTS

Defoliation

Forsythia X intermedia. Efficient defoliation of shrubs (with more
than a 75%0 leaf drop), was observed in 1973 three weeks after spraying
plants with copper sulfate at concentrations of 2% or 3%. Similar re-
sults were obtained using a mixture of this preparation with magnesium
chlorate or ethephon (Table 1). Magnesium chlorate concentration of
0.3%/0 was nearly as effective as the preparation noted above (73.6%
defoliation). In 1973 during the same period efficient defoliation was

* Hereafter chemicals svmbols are given only in unhydrated forms.
** The s oots cut on Feb. 28, 1972 were frozen at —22°C instead at —26°C
because they were probably less frost-resistant due to the unusually warm tem-

peratures.
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ascertained using a concentration of magnesium chlorate 0.24%0 or 0.48%0
and copper sulfate concentrations of 290 (Table 2). Potassium iodide
applied at concentrations of 0.3%0 although injuring leaves caused de-
foliation of less than 53%o.

Rosa cv. Lampion. All investigated defoliants caused significant leaf
drop as compared with the control shrubs (Table 1, 2). In 1972 the most
effective defoliation was shown by potassium iodide in concentration
of 0.2% and 0.3%0 applied separately as well as mixed with ethephon
or copper sulphate (92-100%s defoliation). The smallest amount of leaves
fell (42-47%0) from the rose bushes treated with ethephon concentration
of 1000 to 1500 ppm (Table 1).

In 1973 the fastest leaf drop was from shrubs sprayed with ethephon
concentration of 1500 ppm and with KJ at concentration of 0.4%. Within
2 weeks time almost 100%o of the leaves were defoliated. Other applied
defoliants, except KJ at concentration 0.1% or its mixture with
(NH4)2S0y, gave a result of 90% leaf drop within three weeks of spraying
(Table 2).

Spiraea X bumalda cv. Froebelii. In investigations in 1972 the fa-
stest leaf drop resulted from the mixture of 0.2%0 solution of potassium
iodide with ethephon at a concentration of 1000 ppm (after two weeks
8990 and after 3 weeks 98%0 defoliation). Three weeks after spraying
an even effect was shown by a solution of KJ concentrate of 0.2%
or 0.3% (93%0 defoliation). Shrubs treated with CuSO, at the same time
lost leaves from 76.9%0 to 88.0%0 (Table 1).

In 1973 the best defoliants were a 0.2%0 solution of potassium iodide
as well as a mixture of 0.05% KJ with ethephon concentration of
750 ppm (87%0 defoliation within 3 weeks). At the same time defoliation
of over 70% was obtained with 2% copper sulfate solution, ethephon
concentration of 1500 ppm, 0.1% potassium iodide solution, or a mixture
of 0.05%0 KJ with (NH4),SO4 at a concentration of 5% (Table 2).

Spiraea X vanhouttei. The majority of defoliants showed a high
efficiency, causing 75%0 leaf drop three weeks after spraying (Table 1, 2).
The highest level of defoliation (within 3 weeks from 88% to 98%0)
was given by KJ concentration of 0.2% or 0.3%0 as well as CuSOy
or Mg(ClOy); in all investigated concentrations. Relatively good de-
foliation was also shown by the mixture of 5%, (NH,),SO, and 0.05%, KJ.
Within two weeks of spraying 75% defoliation was shown (Table 2).
This mixture caused larger leaf drop than any of its ingredients used
separately in double concentrations.
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The subsequent influence of defoliants on plants

Forsythia X intermedia. The first small necrotic spots were obser-
ved on young shoots two weeks after spraying forsythia with copper
sulfate. As the concentration of CuSO;4 increased, so did the number
of injuries. The most damaged were the top parts, where the shoots
were only partly lignified. Magnesium chlorate caused similar injury
of the shoots, especially at a concentration of 0.48%.

In spring of 1973 it was proved that in comparison with control
plants, the bud opening was worse on shrubs to which CuSO4 was
applied at a concentration of 3%. This was also true for a mixture
of CuS0O,4 and Mg(ClOjy); or ethephon (Table 3).

During the next year’s experiment it was proved that nearly all de-
foliants cause buds to be poorly opened. Less buds opened on shrubs
treated with CuSO, or Mg(ClOy), especially when these were used in
the highest concentrations. There was also a marked weakness of bud
opening in hand — defoliated shrubs (Table 4).

While measuring shoots in autumn 1973 it was observed that con-
trol shoots had longer year-growth than those sprayed with Mg(ClOs),
at a concentration of 0.24%, or 0.3%/0 KJ solution, or with a mixture
of CuSOy, and ethephon (Table 3).

The measurements in autumn 1974 showed that there was a ten-
dency toward decreased growth of shrubs treated with solutions of
CuSO, or Mg(ClO;), although the differences were insignificant (Table 4)

Rosa cv. Lampion. Rose bushes treated with defoliants evidently were
not different from control plants. However, precise measurements taken
in 1973 showed some differences. Magnesium chlorate caused a reduced
number of flowers formed on the shrubs and impaired vegetative
growth (Table 3). The number of flowers was reduced by copper sulfate
as well, but when it was used in concentration no higher than 2%,, no
negative influence of this preparation on growth of roses was found.
The most effective defoliant — potassium iodide applied at a concentra-
tion of 0.2% or 0.3% — slightly reduced intensity of flowering but
did not show a negative influence on shrub growth (Table 3).

In 1974 it was found that only CuSO, and Mg(ClOj), produced a re-
duction of flowering but no defoliant significantly diminished shrub
growth (Table 4).

Spiraea X bumalda cv. Froebelii. Minor bark injury was observed
on the shrubs three weeks after spraying with CuSO,; in a concentra-
tion of 3%.

In spring of 1973 and 1974 on the shrubs treated with all concentra-
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Chemical defoliation of ornamental shrubs 129

tion of 0.2% or higher, buds opened significantly less than on the con-
trol shrubs (Table 3, 4).

In autumn of 1973, plants sprayed with CuSO, at a concentration
of 290 or with a mixture of CuSO,; with ethephon showed shorter
one-year-old shoots than control plants. At the same time, shrubs treated
with 0.3 KJ solution also showed shorter shoots than the control
plants, although slightly longer than those treated with CuSO, (Table 3).

The next year’s experiment showed significantly decreased growth
only on shrubs treated with 0.1% or 0.2% KJ solution (Table 4).

Spiraea X wanhouttei. No distinct shoot injury was observed in the
autumn after spraying shrubs with defoliants. But in the spring the
tops of the thinnest shoots were dried up on shrubs sprayed with the
highest concentrations of KJ or CuSOy.

In spring of 1973 bud opening was significantly delayed by 3%
CuSO, solution or its mixture with Mg(ClOjs); (Table 3). In Spring
of 1974 this delay was the greatest on plants treated with 0.48%
Mg(ClOs), solution and on hand defoliated plants (Table 4).

There was no significant difference in the length of one-year-old

shoots between defoliated shrubs and control plants. This was true
both in 1973 and 1974 (Table 3 and 4).

Frost resistance

The frost resistance of chemically defoliated shrubs was determined
by laboratory methods (Table 5) and from field observation (Table 6).
Only Forsythia X intermedia shrubs were investigated in this part of
the experiments.

After the shoots were frozen no significant differences were ascer-
tained in the increase of electrical conductance among the various
treatments in the cases of shoots cut on March 15, 1973 (Table 5)
and December 17, 1973 (Table 6). The tendency to increased shoot con-
ductance was observed on shrubs treated with CuSO4 Mg(ClO;g)s or
(in the case of shoots cut on March 15, 1973) KJ. On the next case
(shoots cut on February 28, 1974) it was ascertained that magnesium
chlorate distinctly decreased the frost resistance of defoliated shrubs
(Table 6).

Later observation of frozen shoots showed a tendency to more bark
and wood injury of shcots treated with magnesium chlorate and copper
sulfate. Similar results were obtained during field obserwation in spring
of 1974 (a minimal winter temperature was —17°C) where the above
ground part of some shrubs died. The most marked frost injury was
noticed on plants defoliated with CuSO4 or Mg(ClO;).. In most cases

9 — Acta Agrobotanica



130 S. Marczynski

Table 5
Degree of frost resistance of Forsythia x intermedia shoots determined
by the method of electrical conductance test. The higher difference in
electrical conductance, the lower frost resistance
Date of treatment — Sept. 26, 1972. Shoots were cut for measurements —
March, 15, 1973

Difference in electrical con-
' Treatment Concentration t ductance before and after cool- |
ing or freezing of shoots (in ps)
0°C ! —26°C
| Control H,0 —0.91 | 19.86 g
. Ethephon 1000 ppm —0.73 22.03 3
| Mg(ClOp), 0.24% —0.90 18.92 o
| Mg(Cl0y), 0.3% —106 | 22338
| Cuso,+ 2%-1000 ppm —0.92 2210 & |
| +ethephon w, |
I cusoy 2% ; —1.08 2495 B
| CuSO, 3% —1.36 I 17.85 g
| KJ+ethephon 0.2%-+1000 ppm —0.72 19.73 < |
l KJ 0.2% —1.07 23.56 g
i KJ i 0.3% —0.92 26.19 i

their higher concentrations were more dangerous than the lower ones.
Hand defoliation of shrubs also caused a distinct tendency toward
decreasing frost resistance. All the frozen shrubs sprouted new shoots
at the bud bases.

The field observation in spring of 1973 (a minimal winter fempe-
rature was —13°C) did not show any frost injury of defoliated shrubs.

DISCUSSION

The results presented indicate, that all chemicals investigated could
work as defoliants for ornamental shrubs. The efficiency of the de-
foliants depended on the concentration applied and on the species. The
most universal defoliant was potassium iodide, although this prepa-
ration poorly defoliated Forsythia X intermedia shrubs even after using
a 0.3% solution which decreased subsequent frost resistance and growth
of shrubs. The same preparation used at a concentration of 0.2%0 caused,
within three weeks the falling of about 90%0 of the leaves from shrubs
of Spiraea X bumalda, Spiraea X vanhouttei and Rosa cv. Lampion.
These results were in agreement with the earlier reports (Larsen
1966; Macdonald and Kempton 1968). From among shrubs de-
foliated with KJ at a concentration of 0.2%, only Spiraea X bumalde
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shrubs had weaker growth in the next year. But when a mixture of KJ
at a concentration of 0.05%0 with ethephon at a concentration of 750 ppm
was used, good defoliation was also obtained and there was no observa-
tion of negative influence of the defoliants on the growth of shrubs.
Similar interaction of these preparations was observed on Rosa cv.
Lampion, as with other plant species and warieties noted already: Deen
(1971), Evan (1971) and Aitken (1973). It is indeed interesting
that interaction and successful results have been obtained with the use
of 0.05%0 solution of KJ with a 5% solution of (NH,),SO, as used for
defoliation of Spiraea X wanhouttei, because ammonium sulfate is easy
to purchase and inexpensive.

Copper sulfate appears to be almost as effective defoliant of Rosc
cv. Lampion and Spiraea X vanhouttei shrubs as potassium iodide. This
preparation, alongside magnesium chlorate, proved to be the most
effective defoliant for forsythia shrubs. Copper sulfate caused more
injury and stronger retardation of development and growth than other
defoliants. This is not in agreement with Basak et al. 1973a, b)
results with defoliation of apple trees.

Magnesium chlorate used at concentrations from 0.24 to 0.48%y gave
strong defoliation of the investigated plants, but in some cases also
retarded spring bud opening and growth of shrubs. This was evidenced
most strongly with the defoliation of Forsythia X intermedia shrubs.
This preparation is known in the Soviet Union as one of the most
effective and the least injurious defoliants for cotton plants, as well as
fruit trees and shrubs (Kuznietsov and Ebetullaev 1963;
Stonov 1973).

Ammonium sulfate was shown to be a less effective defoliant, but
when used in a concentration of 10% it resulted in about 75-95%0 defo-
liation with Rosa cv. Lampion and Sgiraea X wvanhouttei and did not
bring any injury or marked weakening of shrub growth. Likewise
Evan (1971) and Roberts (1972) used ammonium sulfate at a con-
centration of 15-20% for the defoliation of roses. They showed that
bushes, according to their variety, dropped from 80% to 95% of their
leaves and after wintering were no more seriously injured than control
plants.

The least effective defoliant at the concentrations used appeared
to be ethephon. Indeed ethephon at a concentration of 1500 ppm, used
in autumn 1973, caused almost complete defoliation within two weeks
of Rosa cv. Lampion. However, a year earlier at the same concentra-
tion and during the same time, it caused a 50%0 leaf drop from bushes
of the same variety. This difference can be explained by the influence
of higher temperatures in autumn 1973 in comparison with 1972. The
firm Amchem (1969) as well as Hartman et al. (1970) found



Chemical defoliation of ornamental shrubs 133

that a rise in temperature resulted in marked increase of ethephon
activity.

With the demonstrated results it can be shown that defoliants have
an influence on the decreasing of frost resistance on Forsythia X inter-
media. The largest susceptibility to low temperatures was shown in
the case of forsythia shrubs treated with a solution of CuSO4 or
Mg(ClO3);. However, shrubs defoliated by hand or with KJ showed
a slight tendency toward the decreasing of frost resistance. Defoliation
of Forsythia in Polish climatic conditions is a high risk, because in
the case of a strong frost, plants can be partly or fully destroyed.
During the defoliation of fruit trees similiar results were obtained by
Kuznietsov (1961) and Basak et al. (1973b) in contrast to data
of Immaliev (1960) and Niazov (1961).

The lowering of frost resistance of defoliated plants, for example
Prunus cerasus, has been explained by Howell and Stochouse
(1973). They showed that earlier, than in nature, leaf abscission influen-
ces the lowering accumulation of carbohydrates. This touches off the
latering process of natural frost resistance in autumn, the weakening
of frost resistance in winter, and its earlier loss in spring. Similiarly
Tumanov et al. (1972a, b), in experiments with birch, black cur-
rants and pines, proved that artificial shortening of the vegetative
period decreases frost resistance of woody plants.

The present date suggests that in further investigations on defolia-
tion, careful attention must be given to the level at which the given
treatment influences the natural frost resistance of plants, especially
when it is not too high.
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Chemiczna defoliacja w szkélce krzewoéw Forsythia X intermedia Zab.,
Rosa cv. Lampion, Spiraea X bumalda Burv. cv. Froebelii,
Spiraea X wanhouttei Zab.

Streszczenie

Do defoliacji krzewow w szkolce zastosowano: ethephon, KJ, Mg(ClOy), - 6H,0,
CuSO, - 5H;0, (NH,),SO; w réznych stezeniach, osobno oraz w postaci miesza-
nin. Opryskiwanie wykonano 26-28I1X 1972 i 1973 r. Najskuteczniejszym defo-
liantem krzew6w Rosa cv. Lampion, Spircea X bumalda cv. Froebelii, Spi-
raea X vanhouttei byl KJ w stezeniu 0,2% lub mieszaniny nizszych stezen tego
preparatu z ethephonem Ilub z (NH4)9SO4. Skuteczng defoliacje wielu krzewow,
w tym Forsythia X intermedia, powodowaly 0,24-0,48% roztwory chloranu mag-
nezu oraz 2% roztwor siarczanu miedzi. Wywolaly one jednak réwnocze$nie sto-
sunkowo najwieksze zahamowanie rozwoju i wzrostu krzewow, a w przypadku
Forsythia X intermedia takie powazne ograniczenie mrozoodpornosci roslin.
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